Chapter 4
Filamentous Cyanobacteria Without
Heterocysts
The key on page 354 will help you identify filamentous Cyanobacteria that do
not form nitrogen-fixing heterocysts. For solitary and colonial Cyanobacteria,
including taxa that produce pseudofilaments, go to Table 2.1 on page 24;
for filamentous Cyanobacteria that form heterocysts, go to Table 3.1 on page
194. Remember that heterocyst formation occurs when inorganic nitrogen
concentrations are low, so specimens collected during winter and early spring may
not contain heterocysts, even if the trichome is capable of producing heterocysts.
Many of the filamentous Cyanobacteria that do not form heterocysts are very
difficult to identify, even at the genus level. Most of the taxa form simple,
unbranched trichomes of cylindrical cells, which can look very similar when
you are trying to separate the taxa. The presence of a sheath or mucilage layer
surrounding the trichome may help with some genus identifications, but the sheath
may not be visible without staining, and environmental conditions can influence
whether the trichome develops a sheath. Another important identification feature
is the ratio of cell length to width, but this can be influenced by the rate of cell
division. As with all Cyanobacteria, try to examine more than one specimen to
determine whether you are trying to key representative cells and colonies.
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Table 4.1: Key to Filamentous Cyanobacteria Without Heterocysts

A

Cells not actually joined end-to-end, but loosely
arranged in pseudofilaments

B

Cells joined end-to-end in ⇒very short,
unbranched, untapered trichomes, often with
≤8 cells; cell walls constricted

C

D

Go to key on page 24

B.1 Trichomes relatively wide (≥7 µm); often with
1–3 cells; cell walls slightly constricted

Borzia (page 368)

B.2 Trichomes narrow (≤4 µm); consisting of more
than 3 cells; cell walls deeply constricted; often
associated with algal or zooplankton mucilage

Pseudanabaena
(page 447)

Cells joined end-to-end in unbranched, but
distinctly tapered trichomes
C.1 Trichomes narrow (≤4 µm), with hooked or
bent apical cell; sheath not visible

Geitlerinema
(page 372)

C.2 Trichomes narrow (≤4 µm); enclosed in thick
sheath

Schizothrix (page 462)

C.3 Trichomes usually wider than 4 µm; sheath
absent or indistinct (difficult group)

Phormidium and
similar taxa,
in part (page 414)

Cells joined end-to-end in unbranched,
untapered (or very slightly tapered) trichomes
containing >5 cells
⇒ This is a large group - check other key
choices before proceeding!

Go to page 355

continued on next page
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Table 4.1: Key to Filamentous Cyanobacteria Without Heterocysts, continued
D

Cells joined end-to-end in unbranched,
untapered (or very slightly tapered) trichomes
containing >5 cells
D.1 Trichomes form loose or tightly coiled spirals

Arthrospira and
Spirulina (page 356)

D.2 Trichomes straight or gently curved, but not
coiled; cells cylindrical (width ≤ length)
D.2a Filament contains many parallel
trichomes enclosed in common sheath

Microcoleus (page 390)

D.2b Cells in trichome appear empty and
colorless (highly vacuolated)

Tychonema (page 465)

D.2c Cells do not appear empty; trichomes
not in common sheath; sheath absent or
indistinct (difficult group)

Phormidium and
similar taxa,
in part (page 414)

D.3 Trichomes straight or gently curved, but not
coiled; cells short cylindrical or coin-like (width
> length)
D.3a Trichomes relatively wide (usually
≥10–12 µm); without visible sheath

Oscillatoria (page 394)

D.3b Trichomes relatively wide (usually ≥10–
12 µm); with a clearly visible sheath

Lyngbya (page 378)

D.3c Trichomes narrow (≤10–12 µm);
cross-walls slightly constricted; planktonic

Planktothrix (page 442)

356

4.1

CHAPTER 4. FIL. CYANOBACTERIA WITHOUT HETEROCYSTS

Arthrospira Stitzenberger ex Gomont and
Spirulina Turpin ex Gomont

Local taxa
Arthrospira jenneri Stitzenberger ex Gomont;
Arthrospira sp.1;
Spirulina major Kützing ex Gomont;
Spirulina sp.1
Abundance
Infrequently collected in plankton samples; moderately common in shoreline and
benthic samples.

min
med
max

Width
5.5 µm
6.5 µm
7.7 µm

Length
2.4 µm
4.9 µm
7.7 µm

Biovolume†
72.5 µm3
167 µm3
257 µm3

Arthrospira jenneri
spirals

min
med
max

11.5 µm
14.5 µm
15.3 µm

18.6 µm
21.4 µm
23.7 µm

–
–
–

Arthrospira sp.1?
cells (cylinder)

min
med
max

3.0 µm
3.3 µm
3.6 µm

2.5 µm
3.5 µm
4.7 µm

20.1 µm3
30.7 µm3
42.7 µm3

Arthrospira sp.1?
spirals

min
med
max

5.5 µm
12.0 µm
13.5 µm

34.4 µm
48.8 µm
51.7 µm

–
–
–

Spirulina major
cells (cylinder)

min
med
max

1.8 µm
2.0 µm
2.2 µm

(cell length not visible)
(cell length not visible)
(cell length not visible)
continued on next page

Local measurements
Arthrospira jenneri
cells (cylinder)

4.1. ARTHROSPIRA AND SPIRULINA
Local measurements
Spirulina major
spirals

Spirulina sp.1?
cells (cylinder)

357

min
med
max

Width
3.8 µm
4.1 µm
4.3 µm

Length
2.4 µm
2.6 µm
2.7 µm

Biovolume†
–
–
–

min
med
max

2.8 µm
2.9 µm
3.1 µm

17.4 µm
22.2 µm
25.0 µm

107 µm3
145 µm3
189 µm3

min 9.9 µm
10.8 µm
–
med 10.8 µm
11.9 µm
–
max 11.6 µm
12.7 µm
–
†
Calculated using original measurements, not summary values.

Spirulina sp.1?
spirals

Description
Arthrospira is difficult to separate from Spirulina based on strictly on features
visible using light microscopy. Both genera are characterized by motile, spiraling,
unbranched trichomes that lack sheaths, heterocysts, or akinetes (Figures 4.1–4.9).
The individual cells are cylindrical, and may be shorter, longer, or equal in length
and width, but not coin-like. The cell cross-walls may be very difficult to see
without staining.
Arthrospira trichomes are usually slightly wider than Spirulina, and typically
wavy or loosely spiraled. The cells are slightly shorter than wide, or about equal
in width and length, and the cell cross-walls should be faint, but visible without
staining. Spirulina trichomes are often more tightly coiled (not always), and
comprised of long, cylindrical cells (width < length) with indistinct cross-walls.
Arthrospira jenneri trichomes are loosely spiraled and bright blue-green (Figures
4.1–4.3). The individual cells are cylindrical, wider than long, unconstricted at
the cross-walls, and do not taper near the end of the trichome. The cell contents
is slightly granular. The species is usually associated with macrophytes or other
substrates, so the trichomes are often tangled in plant matter.
The specimen from Sunset Pond is tentatively identified as a species of
Arthrospira (Figure 4.4). The trichomes are very loosely spiraled, consisting of
small, barrel-shaped cells that are approximately equal in length and width. The
cell content is slightly granular, and the cell cross-walls are visible.
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Spirulina major (Figures 4.5–4.7) is characterized by tightly coiled trichomes
of small, cylindrical, blue-gray cells with a homogeneous cell content. The
individual cells are difficult to distinguish because the cross-walls are indistinct.
The specimens from Beaver Pond Lake are tentatively identified as a species of
Spirulina. The trichomes are loosely coiled, brownish, and comprised of very
long, narrow, cylindrical cells (Figures 4.8–4.9). The individual cells appear to
form one full spiral in the trichome.

4.1. ARTHROSPIRA AND SPIRULINA
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Figure 4.1: Arthrospira jenneri (200x DIC), Tennant Lake, IWS water quality
sampling site, Whatcom County, April 26, 2013.
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Figure 4.2: Arthrospira jenneri (100x DIC), Sunset Pond, IWS water quality
sampling site, Whatcom County, August 19, 2009.

4.1. ARTHROSPIRA AND SPIRULINA
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Figure 4.3: Arthrospira jenneri cell cross-walls stained with neutral red (600x
DIC), Tennant Lake, IWS water quality sampling site, Whatcom County, April
17, 2013.
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Figure 4.4: Arthrospira sp.1? (600x DIC), Sunset Pond, IWS water quality
sampling site, Whatcom County, August 19, 2009.

4.1. ARTHROSPIRA AND SPIRULINA
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Figure 4.5: Spirulina major (1000x DIC), Waterfront Park, Bainbridge Island,
WA, July 3, 2009. Photo provided by Karl Bruun, Nostoca Algae Laboratory,
Bainbridge Island, WA.
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Figure 4.6: Spirulina major (400x DIC) Little Twin Lake (Winthrop area), eastern
Washington, June 19, 2014.
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Figure 4.7: Spirulina major (600x DIC) Little Twin Lake (Winthrop area), eastern
Washington, June 19, 2014.
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Figure 4.8: Spirulina sp.1? (200x DIC), Beaver Pond Lake, IWS water quality
sampling site, Whatcom County, October 24, 2011.
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Figure 4.9: Spirulina sp.1? (600x DIC), Beaver Pond Lake, IWS water quality
sampling site, Whatcom County, October 24, 2011.
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Borzia Cohn ex Gomont

Local taxa
Borzia trilocularis Cohn ex Gomont;

Abundance
Infrequently collected, but easily overlooked.
Local measurements
Borzia trilocularis
cells (cylinder)

min
med
max

Width
7.3 µm
7.7 µm
7.9 µm

Length
3.0 µm
4.8 µm
6.2 µm

Biovolume†
140 µm3
225 µm3
304 µm3

min 9.9 µm
2.4 µm
196 µm3
med 10.4 µm
3.5 µm
298 µm3
max 11.4 µm
5.2 µm
531 µm3
†
Calculated using original measurements, not summary values.
Borzia sp.1?
heterocysts (spheroid)

Description
Borzia trichomes are small and inconspicuous, consisting of just a few cells
(Figures 4.10–4.12). The trichomes are unbranched, lack heterocysts and
akinetes, and usually lack a sheath or mucilage layer. The individual cells have
constricted cross-walls, are shorter than wide, and have cylindrical interior cells
and hemispherical apical cells. Borzia trilocularis trichomes usually contain
no more than 3–4 cells. The cells are olive-green or orangish-green and have
conspicuous cytoplasmic granules. The local specimens were actively motile
(twitching/creeping). Borzia filaments are easily mistaken for hormogonia,16 but
can be distinguished by the regular, 3-cell filaments that divide to form new 3-cell
filaments (Figure 4.11).

16

Hormogonia are short, fragmented filaments that are formed by some filamentous
Cyanobacteria as a means of asexual reproduction.
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Figure 4.10: Borzia trilocularis (600x DIC), Lake Everett, IWS water quality
sampling site, Skagit County, August 5, 2015.
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Figure 4.11: Borzia trilocularis (600x DIC), Lake Everett, IWS water quality
sampling site, Skagit County, August 5, 2015.
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Figure 4.12: Borzia trilocularis (600x DIC), Lake Everett, IWS water quality
sampling site, Skagit County, August 5, 2015.
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Geitlerinema (Anagnostidis & Komárek)
Anagnostidis

Local taxa
Geitlerinema splendidum (Greville ex Gomont) Anagnostidis;
Geitlerinema sp.1
Abundance
Infrequently collected in plankton samples; moderately common in shoreline
samples and benthic mats.
Local measurements
Geitlerinema splendidum
cells (cylinder)

min
med
max

Width
2.1 µm
2.8 µm
3.2 µm

Length
4.6 µm
6.0 µm
8.2 µm

Biovolume†
17.3 µm3
36.9 µm3
65.9 µm3

min 2.8 µm
4.9 µm
33.7 µm3
med 3.0 µm
6.9 µm
45.7 µm3
max 3.3 µm
9.0 µm
74.4 µm3
†
Calculated using original measurements, not summary values.
Geitlerinema sp.1
cells (cylinder)

Description
Geitlerinema trichomes are very narrow (≤4 µm) and actively motile, containing
cylindrical cells that are consistently longer than wide (Figures 4.13–4.16). The
trichomes are usually tapered, with a hooked or bent apex. Many of the species are
from thermal springs. Geitlerinema is very similar to Phormidium (Section 4.7,
page 414). Both genera have simple, unbranched trichomes that lack heterocysts
and akinetes and are comprised of cylindrical cells that are usually longer than
wide or about equal in length and width. The cylindrical cells help distinguish
both genera from the short, coin-like cells found in Lyngbya (Section 4.4, page
378) and Oscillatoria (Section 4.6, page 394).
Geitlerinema splendidum is characterized by straight or slightly curved trichomes
with no apparent sheath (Figures 4.13–4.15). The cells are consistently longer
than their width, and the last few cells in the trichome are tapered, ending in
a hooked, knobbed (capitate) apical cell. The individual trichomes are highly

4.3. GEITLERINEMA
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motile. This species is found in nonthermal, freshwater locations, often mixed in
with other aquatic plants (Komárek and Anagnostidis, 2005).
The trichomes in Figure 4.16 fit the morphological description for Geitlerinema
splendidum, but were collected from the muddy banks surrounding a sulfur
hot springs. Komarek and Anagnostidis (2005) indicate that thermal springs
specimens that resemble Geitlerinema splendidum should be evaluated using
genetic analysis and are probably a different species.
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Figure 4.13: Geitlerinema splendidum (600x DIC), Lake Armstrong, Snohomish
County, July 23, 2015.
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Figure 4.14: Geitlerinema splendidum (600x DIC), small pond near Lynwood,
Snohomish County, May 1, 2015.
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Figure 4.15: Geitlerinema splendidum (200x DIC), small pond near Lynwood,
Snohomish County, May 1, 2015.
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Figure 4.16: Geitlerinema sp.1 (200x DIC), Mt. Baker hot springs, Whatcom
County, May 5, 2014.
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Lyngbya Agardh ex Gomont

Local taxa
Lyngbya birgei G. M. Smith
(=Limnoraphis birgei [G. M. Smith] Komárek, Zapomelová, Smarda,
Kopecky, Rejmánková, Woodhouse, Neilan & Komárková);
Lyngbya hieronymusii Lemmermann?
(=Limnoraphis hieronymusii [Lemmermann] Komárek, Zapomelová, Smarda,
Kopecky, Rejmánková, Woodhouse, Neilan & Komárková);
Lyngbya nigra Agardh ex Gomont?;
Lyngbya sp.1
Abundance
Moderately common; may be present in large numbers but rarely forms blooms;
occasionally forms dense benthic mats.

min
med
max

Width
18.3 µm
21.1 µm
23.3 µm

Length
1.8 µm
2.7 µm
3.6 µm

Biovolume†
571 µm3
855 µm3
1,280 µm3

Lyngbya hieronymusii?
cells (cylinder)

min
med
max

11.0 µm
12.4 µm
13.3 µm

1.8 µm
3.1 µm
4.2 µm

214 µm3
333 µm3
566 µm3

Lyngbya nigra?
cells (cylinder)

min
med
max

6.6 µm
7.0 µm
7.4 µm

2.4 µm
2.8 µm
3.2 µm

103 µm3
111 µm3
116 µm3

Local measurements
Lyngbya birgei
cells (cylinder)

min 15.3 µm
2.9 µm
533 µm3
med 17.2 µm
4.2 µm
953 µm3
max 20.8 µm
6.9 µm
2,240 µm3
†
Calculated using original measurements, not summary values.
Lyngbya sp.1
cells (cylinder)

4.4. LYNGBYA
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Description
Lyngbya trichomes are simple and unbranched, with short, cylindrical or coinlike cells (width > length) enclosed in a firm sheath (Figures 4.17–4.26). The
trichomes lack akinetes and heterocysts. The presence of the sheath distinguishes
Lyngbya from Oscillatoria (Section 4.6, page 394) and Planktothrix (Section
4.8, page 442), which usually lack a sheath. Lyngbya cells are shorter than
wide, and most species are wider than 6 µm, which distinguished Lyngbya from
Geitlerinema (Section 4.3, page 372) and Phormidium (Section 4.7, page 414).
Lyngbya birgei trichomes are solitary, planktonic, and surrounded by a firm,
unstratified sheath that may extend beyond the end of the trichome (Figures
4.17–4.20). The individual cells are coin-like, much wider than their length,
with smooth, unconstricted cross-walls. Although the filaments may not appear
especially active, the entire trichome can creep out of its sheath, especially when
stressed. As a result, the sheath may be visible at only one end of the trichome,
or may be entirely missing. Old samples may contain sheathless trichomes that
resemble Oscillatoria and abandoned sheaths (Figure 4.21). This species is not
particularly common, but is found in most plankton samples from Pass Lake.
The Lyngbya hieronymusii? specimens are characterized by narrow trichomes
(compared to Lyngbya birgei), with slightly granular cells that have unconstricted,
slightly granular cross-walls (Figures 4.22–4.23). The trichome is surrounded by
a clear, rough, striated sheath. Like Lyngbya birgei, Lyngbya hieronymusii is a
planktonic species (Komárek and Anagnostidis, 2005); the local specimens were
collected in near-shore samples from moderately productive low elevation lakes.
The Lyngbya nigra? specimens have relatively narrow, cylindrical cells that are
shorter than wide, but not coin-like, slightly granular, with smooth, unconstricted
cross-walls (Figure 4.24). The trichomes are surrounded by a thin, clear,
unstriated sheath, and are slightly narrowed near the apex, ending in a rounded,
conical calyptra. This species is associated with flowing water (Komárek and
Anagnostidis, 2005); the local specimens were collected from the wetted surface
of a small waterfall.
Lyngbya sp.1 trichomes are nearly as wide as Lyngbya birgei, but the cells have
distinctive raised, granular cross-walls (Figures 4.25–4.26). The trichome is
surrounded by a smooth, clear sheath that appears to be slightly layered. All of the
specimens were collected from benthic habitats or in association with shoreline
vegetation, suggesting that this species is not planktonic.
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Figure 4.17: Lyngbya birgei (200x DIC), Lone Lake, IWS water quality sampling
site, Island County, August 28, 2008.
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Figure 4.18: Lyngbya birgei bloom (100x DIC), Pass Lake, IWS water quality
sampling site, Skagit County, July 8, 2013.

382

CHAPTER 4. FIL. CYANOBACTERIA WITHOUT HETEROCYSTS

Figure 4.19: Lyngbya birgei in Lugol’s iodine solution (200x DIC), Pass Lake,
IWS water quality sampling site, Skagit County, September 3, 2009.
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Figure 4.20: Lyngbya birgei trichome fragmentation (200x DIC), Pass Lake, IWS
water quality sampling site, Skagit County, July 9, 2010.

384

CHAPTER 4. FIL. CYANOBACTERIA WITHOUT HETEROCYSTS

Figure 4.21: Lyngbya birgei empty sheath (200x DIC), Lone Lake, IWS water
quality sampling site, Island County, September 30, 2009.
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Figure 4.22: Lyngbya hieronymusii? (600x DIC), Heart Lake, IWS water quality
sampling site, Skagit County, July 9, 2010.
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Figure 4.23: Lyngbya hieronymusii? (600x DIC), Heart Lake, IWS water quality
sampling site, Skagit County, July 9, 2010.
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Figure 4.24: Lyngbya nigra? (200x DIC), waterfall on Fragrance Lake trail,
Whatcom County, April 12, 2014.
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Figure 4.25: Lyngbya sp.1 (600x DIC), Tennant Lake, IWS water quality sampling
site, Whatcom County, April 17, 2013.
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Figure 4.26: Lyngbya sp.1 stained with methylene blue (600x DIC), Picture Lake,
IWS water quality sampling site, Whatcom County, August 5, 2013.
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Microcoleus Desmaziéres ex Gomont

Local taxon
Microcoleus lacustris Farlow ex Gomont
Abundance
Infrequently collected in plankton samples; occasionally collected in shoreline
samples and benthic mats.
Local measurements
Microcoleus lacustris
cells (cylinder)

Width
Length
min 2.9 µm
6.2 µm
med 3.2 µm
7.3 µm
max 4.1 µm
8.8 µm
†
Calculated using original measurements, not summary values.

Biovolume†
49.8 µm3
60.3 µm3
97.7 µm3

Description
Microcoleus forms bundles of parallel, unbranched trichomes enclosed in a clear,
wide, mucilaginous sheath (Figures 4.27–4.29). The sheath is often wrinkled,
with scalloped edges. The individual cells are cylindrical (width ≤ length) except
for the apical cell, which is bluntly conical.
Microcoleus lacustris has relatively narrow, cylindrical cells, with a bluntly
conical apical cell. The cells have a granular appearance and are constricted at
the cross-walls. The trichomes are very closely bundled inside the clear, wrinkled
mucilage layer, forming a long, rope-like filament. The trichomes are highly
motile in live samples, and individual trichomes can be observed gliding past each
other inside the mucilage layer.

4.5. MICROCOLEUS
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Figure 4.27: Microcoleus lacustris (200x DIC), Bear Lake, IWS water quality
sampling site, Snohomish County, August 28, 2014.
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Figure 4.28: Microcoleus lacustris (400x DIC), Bear Lake, IWS water quality
sampling site, Snohomish County, August 28, 2014.
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Figure 4.29: Microcoleus lacustris (600x DIC), Bear Lake, IWS water quality
sampling site, Snohomish County, August 28, 2014.
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Oscillatoria Vaucher ex Gomont

Local taxa
Oscillatoria curviceps Agardh ex Gomont;
Oscillatoria limosa Agardh ex Gomont
Oscillatoria princeps Vaucher ex Gomont;
Oscillatoria tenuis Vaucher ex Gomont;
Oscillatoria spp.
Abundance
Moderately common; may be present in large numbers but rarely forms blooms;
occasionally forms dense benthic mats.

min
med
max

Width
12.6 µm
14.3 µm
15.7 µm

Length
3.0 µm
6.2 µm
9.3 µm

Biovolume†
380 µm3
1,060 µm3
1,720 µm3

Oscillatoria limosa
cells (cylinder)

min
med
max

13.9 µm
16.0 µm
19.2 µm

2.0 µm
3.7 µm
6.6 µm

321 µm3
742 µm3
1,850 µm3

Oscillatoria princeps
cells (cylinder)

min
med
max

39.8 µm
41.0 µm
49.6 µm

5.9 µm
7.5 µm
8.8 µm

7,650 µm3
9,860 µm3
15,000 µm3

Oscillatoria tenuis
cells (cylinder)

min
med
max

8.3 µm
9.4 µm
10.6 µm

2.5 µm
3.8 µm
4.9 µm

139 µm3
278 µm3
383 µm3

Oscillatoria sp.1
cells (cylinder)

min
med
max

12.4 µm
13.8 µm
14.2 µm

5.5 µm
776 µm3
7.3 µm
1,080 µm3
10.8 µm
1,710 µm3
continued on next page

Local measurements
Oscillatoria curviceps
cells (cylinder)

4.6. OSCILLATORIA
Local measurements
Oscillatoria sp.2
cells (cylinder)
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min
med
max

Width
13.3 µm
13.7 µm
14.0 µm

Length
2.7 µm
3.4 µm
4.4 µm

Biovolume†
410 µm3
501 µm3
649 µm3

min 15.5 µm
4.7 µm
887 µm3
med 16.2 µm
6.7 µm
1,470 µm3
max 17.1 µm
8.6 µm
1,820 µm3
†
Calculated using original measurements, not summary values.
Oscillatoria sp.3
cells (cylinder)

Description
Oscillatoria trichomes are unbranched, straight or slightly curved, and do not form
akinetes or heterocysts (Figures 4.30–4.46). The trichomes lack a sheath under
normal conditions; although, sheaths may be formed when the cells are stressed
(Komárek and Anagnostidis, 2005). The cells are always shorter than wide (short
cylindrical or coin-like). The trichomes usually grow as benthic mats or tangles,
but may become dislodged and planktonic.
Oscillatoria can be very difficult to distinguish from Geitlerinema (Section 4.3,
page 372), Lyngbya (Section 4.4, page 378), Phormidium (Section 4.7, page 414,
and Planktothrix (Section 4.8, page 442). In general, Oscillatoria trichomes will
be wider and shorter than Geitlerinema and Phormidium, and are more likely to
be associated with benthic mats or shoreline vegetation than Planktothrix, which
is usually planktonic. The absence of a sheath distinguishes Oscillatoria from
typical specimens of Lyngbya (Section 4.4, page 378), but not from stressed
Lyngbya trichomes that have exited their sheath (see Figure 4.20, page 383).
Oscillatoria curviceps trichomes are slightly wavy and often hooked or bent
near the apex, ending in a rounded, hemispherical apical cell (Figures 4.30–4.32
and 4.43). The short, cylindrical cells are dark gray-blue, with unconstricted,
raised, smooth or slightly granular cross-walls. Most of the local specimens
were collected in a benthic mat containing other other types of filamentous
Cyanobacteria.
Oscillatoria limosa is characterized by long, untapered, olive-green or brownish
trichomes (Figures 4.33–4.35). The individual cells have distinctly raised,
granulated cross-walls; the apical cell is hemispherical and may be thickened,
but will not form a calyptra. The cells have raised, granulated cross-walls. This
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species superficially resembles Oscillatoria princeps, but the trichomes are about
half as wide. Oscillatoria limosa forms benthic mats in stagnant water (Komárek
and Anagnostidis, 2005). The local specimens were collected in several nutrientrich, low elevation lakes and ponds, usually in association with benthic mats or
shoreline vegetation.
Oscillatoria princeps (Figures 4.36–4.38) has extremely large blue-green, olivegreen or reddish-green trichomes. The cells do not have the distinctly granular
cross-walls that characterize Oscillatoria limosa, but may appear slightly raised
or faintly granular at high magnification. The apical cell is hemispherical and
thickened, not capitate, with a clear, vacuolated region (Figure 4.36).
Oscillatoria tenuis forms benthic mats of straight or slightly curved trichomes
containing small, actively motile cells (Figures 4.39–4.40). The cells are narrower
and more cylindrical than Oscillatoria princeps or Oscillatoria limosa. The cell
walls are slightly raised, and may or may not appear granular; the apical is
rounded, but not thickened.
Oscillatoria sp.1 has straight or gently curved trichomes, ending in a rounded,
hemispherical apical cell (Figures 4.41–4.43). The short, cylindrical cells are
bright blue-green, with unconstricted, raised, slightly granular cross-walls. The
trichomes resemble Oscillatoria curviceps, and were collected concurrently
with local specimens of Oscillatoria curviceps, but side-by-side comparisons
suggest that Oscillatoria sp.1 is either a different species or a smaller variety of
Oscillatoria curviceps (Figure 4.43).
Oscillatoria sp.2 was collected from a small, diverse, boggy lake on the Mt. Loop
Highway in the North Cascades (Myrtle Lake). This species has short, coinlike, blue-green or olive-green cells with raised, slightly granular, unconstricted
cross-walls (Figures 4.44–4.45). The trichomes are slightly tapered near the apex,
ending in a knob-shaped apical cell.
Oscillatoria sp.3 forms tapered, hooked trichomes, with short cylindrical cells
that are slightly constricted at the cross-walls (Figure 4.46). The cell are bright
green, with a granular cell content. The width of the cells suggest that this is
a species of Oscillatoria, but the hooked, tapered trichome and cylindrical cells
resemble Phormidium. This is a good example of the morphological similarity
between these two genera, and illustrates some of the difficulty in separating the
taxa based strictly on appearance.
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Figure 4.30: Oscillatoria curviceps (600x DIC), Myrtle Lake, IWS water quality
sampling site, Snohomish County, July 29, 2014.
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Figure 4.31: Oscillatoria curviceps (600x DIC), Canyon Lake, IWS water quality
sampling site, Whatcom County, August 10, 2015.
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Figure 4.32: Oscillatoria curviceps (200x DIC), Myrtle Lake, IWS water quality
sampling site, Snohomish County, July 29, 2014.
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Figure 4.33: Oscillatoria limosa (200x DIC), Squires Lake, IWS water quality
sampling site, Whatcom County, April 20, 2007.
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Figure 4.34: Oscillatoria limosa (200x DIC), Capitol Lake, Olympia, Thurston
County, May 27, 2015.
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Figure 4.35: Oscillatoria limosa (600x DIC), Capitol Lake, Olympia, Thurston
County, May 27, 2015.
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Figure 4.36: Oscillatoria princeps (600x DIC), Heart Lake, IWS water quality
sampling site, Skagit County, July 21, 2011.
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Figure 4.37: Oscillatoria princeps (200x DIC), Tennant Lake, IWS water quality
sampling site, Whatcom County, June 10, 2015.
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Figure 4.38: Oscillatoria princeps (200x DIC), Heart Lake, IWS water quality
sampling site, Skagit County, September 21, 2010.
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Figure 4.39: Oscillatoria tenuis (200x DIC), Monte Cristo Lake, IWS water
quality sampling site, Snohomish County, August 20, 2013.
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Figure 4.40: Oscillatoria tenuis (200x DIC), Tennant Lake, IWS water quality
sampling site, Whatcom County, April 17, 2013.
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Figure 4.41: Oscillatoria sp.1 (200x DIC), Canyon Lake, IWS water quality
sampling site, Whatcom County, August 10, 2015.
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Figure 4.42: Oscillatoria sp.1 (600x DIC), Canyon Lake, IWS water quality
sampling site, Whatcom County, August 10, 2015.
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Figure 4.43: Oscillatoria curviceps and Oscillatoria sp.1 (600x DIC), Canyon
Lake, IWS water quality sampling site, Whatcom County, August 10, 2015.
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Figure 4.44: Oscillatoria sp.2 (200x DIC), Myrtle Lake, IWS water quality
sampling site, Snohomish County, August 19, 2013.
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Figure 4.45: Oscillatoria sp.2 (200x DIC), Myrtle Lake, IWS water quality
sampling site, Snohomish County, August 19, 2013.
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Figure 4.46: Oscillatoria sp.3 (200x DIC), Little Twin Lake (Winthrop area),
eastern Washington, June 18, 2014,
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Phormidium Kützing ex Gomont and similar
taxa

Local taxa
Phormidium spp.
Abundance
Moderately common; may be present in large numbers but rarely forms blooms;
occasionally forms dense benthic mats.
Width

Length

Biovolume†

min
med
max

3.5 µm
4.3 µm
4.7 µm

6.8 µm
10.6 µm
13.3 µm

73.1 µm3
149 µm3
221 µm3

Phormidium II.2
cells (cylinder)

min
med
max

6.2 µm
6.3 µm
6.9 µm

10.9 µm
11.9 µm
12.9 µm

347 µm3
388 µm3
415 µm3

Phormidium II.3
cells (cylinder)

min
med
max

4.9 µm
5.5 µm
6.0 µm

7.4 µm
9.5 µm
11.7 µm

173 µm3
216 µm3
331 µm3

Phormidium II.4
cells (cylinder)

min
med
max

5.2 µm
5.3 µm
5.5 µm

5.4 µm
7.2 µm
9.8 µm

115 µm3
158 µm3
233 µm3

Phormidium II.5
cells (cylinder)

min
med
max

3.2 µm
3.9 µm
4.4 µm

2.4 µm
20.9 µm3
2.8 µm
33.1 µm3
5.3 µm
80.6 µm3
continued on next page

Local measurements
Group II (see page 417)
Phormidium II.1
cells (cylinder)
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Local measurements
Width
Group III (see description on page 417)
Phormidium III.1
min 4.4 µm
cells (cylinder)
med 4.7 µm
max 5.0 µm

Length

Biovolume†

3.4 µm
4.6 µm
7.0 µm

61.5 µm3
78.8 µm3
121 µm3

Phormidium III.2
cells (cylinder)

min
med
max

6.3 µm
7.2 µm
7.9 µm

2.4 µm
4.1 µm
5.5 µm

77.2 µm3
174 µm3
270 µm3

Phormidium III.3
cells (cylinder)

min
med
max

5.3 µm
5.8 µm
6.2 µm

3.2 µm
4.3 µm
5.3 µm

79.4 µm3
106 µm3
155 µm3

Group IV (see description on page 417)
Phormidium IV.1
min 7.0 µm
cells (cylinder)
med 7.3 µm
max 7.9 µm

8.2 µm
11.8 µm
16.3 µm

343 µm3
484 µm3
720 µm3

Group V (see description on page 418)
Phormidium V.1
min 6.0 µm
cells (cylinder)
med 6.7 µm
max 7.3 µm

5.1 µm
6.2 µm
8.1 µm

169 µm3
230 µm3
273 µm3

Phormidium V.2
cells (cylinder)

min
med
max

9.8 µm
10.8 µm
11.1 µm

3.1 µm
3.7 µm
6.4 µm

283 µm3
334 µm3
483 µm3

Phormidium V.3
cells (cylinder)

min
med
max

9.3 µm
9.7 µm
10.1 µm

2.7 µm
3.3 µm
4.4 µm

183 µm3
247 µm3
325 µm3

Phormidium V.4
cells (cylinder)

min
med
max

7.8 µm
8.3 µm
9.5 µm

3.3 µm
174 µm3
4.2 µm
240 µm3
4.7 µm
298 µm3
continued on next page
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min
med
max

Width
5.8 µm
6.3 µm
6.5 µm

Length
3.4 µm
4.5 µm
5.5 µm

Biovolume†
96.1 µm3
143 µm3
156 µm3

Phormidium V.6
cells (cylinder)

min
med
max

8.0 µm
8.4 µm
9.1 µm

4.1 µm
5.2 µm
5.9 µm

222 µm3
281 µm3
384 µm3

Phormidium V.7
cells (cylinder)

min
med
max

10.4 µm
10.6 µm
10.9 µm

3.4 µm
4.1 µm
4.9 µm

294 µm3
357 µm3
457 µm3

Local measurements
Phormidium V.5
cells (cylinder)

min 5.2 µm
3.7 µm
84.7 µm3
med 5.4 µm
5.7 µm
124 µm3
max 5.7 µm
7.7 µm
180 µm3
†
Calculated using original measurements, not summary values.
Phormidium V.8
cells (cylinder)

Description
Phormidium trichomes are narrow (≤10–12 µm), unbranched, and lack
heterocysts or akinetes (Figures 4.47–4.69). The individual cells are cylindrical,
and can be slightly longer, shorter, or equal in length and width, but not coinlike. The trichomes may be surrounded by a sticky sheath, but this feature can be
influenced by environmental conditions.
Komárek and Anagnostidis (2005) describe Phormidium as an exceptionally
difficult genus, with many poorly-described taxa and highly variable
morphological characteristics. Recent genetic analyses have resulted in major
revisions to the genus, making morphologically-based identifications an exercise
in futility. Phormidium trichomes resemble Geitlerinema (Section 4.3, page
372), Lyngbya (Section 4.4, page 378), Oscillatoria (Section 4.6, page 394),
Planktothrix (Section 4.8, page 442), and Tychonema (Section 4.11, page 465).
Because Phormidium identification is so difficult, this section will be limited to a
few local taxa that illustrate four of the eight major subgroups17 used by Komárek
and Anagnostidis (2005) in their key to species of Phormidium.
17

Local specimens were collected from Groups II–V, but not from Group I or Groups VI–VIII.

4.7. PHORMIDIUM AND SIMILAR TAXA

417

Phormidium Group II trichomes taper very gradually, ending in a narrow,
rounded apical cell (Figures 4.47–4.55). Phormidium II.1–II.3 are very similar
in appearance, with long, gray, tapered trichomes that appeared “sparkly” due
to the presence of clusters of refractive granules (Figures 4.47–4.51). The cells
have unconstricted, or very slightly constricted, cross-walls. Phormidium II.1 and
II.2 were both collected in shoreline samples from high elevation lakes, but the
Phormidium II.1 trichomes are half the width of the Phormidium II.2 trichomes.
Phormidium II.3 trichomes were collected in shaded, low elevation streams.
Phormidium II.4 was collected from benthic mats in a very cold, clear stream
flowing from a large ice cave. The trichomes taper gradually into a curved,
reflexed apex (Figures 4.52–4.53). The individual cells have raised, granular,
unconstricted cross-walls and a distinctly orangish tint.
Phormidium II.5 was collected from in a shoreline plankton sample from a high
elevation lake. The bright blue-green trichomes contain unconstricted cells with
slightly raised (not granular) cross-walls (Figures 4.54–4.55). The trichomes are
surrounded by a visible sheath and the filaments formed sticky mats.
Phormidium Group III trichomes taper abruptly, ending in a blunt, conical or
hemispherical apical cell (Figures 4.56–4.59). The Phormidium III.1 trichomes
formed sticky orange mats covering the rocks and soil in wet seeps along a high
elevation trail. The individual cells are granular, with unconstricted, raised crosswalls; the apical cell is hooked, conical, and slightly thickened (Figures 4.56–
4.57).
Phormidium III.2 was collected from a benthic mat in a nutrient-rich, shaded,
low elevation stream. The trichomes taper very abruptly into a hooked,
hemispherical apical cell. The individual cells are gray-green, with unconstricted,
slightly granular, raised cross-walls (Figure 4.58). Phormidium III.3 also has
unconstricted, slightly granular, raised cross-walls, but the trichomes are narrower
relative to the cell width (Figure 4.59).
Phormidium Group IV trichomes are untapered except for the final cell (apical),
which is conical (Figure 4.60). The local specimen from Goss Lake was solitary,
with no apparent sheath, and was collected in a nearshore plankton sample. The
individual cells are slightly granular, olive-green, consistently longer than wide,
and slightly constricted at the cross-walls.
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Phormidium Group V trichomes are untapered, with a rounded apical cell
(Figures 4.61–4.69). This group is virtually indistinguishable from narrow species
of Oscillatoria unless the trichome is enclosed in a visible sheath. Taxa that
I included in this section have relatively narrow (≤10–12 µm) cylindrical cell
(not coin-like). But given the uncertainty surrounding the genus, it is possible
that some of these are not species of Phormidium, but rather a narrow species of
Oscillatoria or similar genus.
Phormidium V.1–V.3 are common in nearshore plankton samples from nutrientrich, low elevation lakes (Figures 4.61–4.63). All three types have solitary,
planktonic trichomes. The individual cells are similar in width (5.5–7.9 µm), and
have a homogeneous cell content and smooth, unconstricted or slightly constricted
cross-walls. The primary distinctly was in the degree to which the cross-walls are
constricted and the ratio of width to length, but these differences could easily
occur within a single species.
Phormidium V.4–V.7 were collected from mountain lakes or the wet surfaced near
a waterfall. All of these taxa have cylindrical cells with raised cross-walls, but are
otherwise quite distinct from each other. Phormidium V.4 has granular cross-walls
(Figure 4.64); Phormidium V.5 and Phormidium V.6 have smooth cross-walls, but
different widths (Figures 4.65–4.66). Phormidium V.7 has relatively wide, short
cells, with slightly granular cross-walls (Figure 4.67).
Phormidium V.8 was part of a benthic mat containing other types of filamentous
Cyanobacteria that was collected from a small mountain lake with a large amount
of submerged woody debris. The trichomes are very narrow, consisting of cells
that are approximately equal in length and width (Figures 4.68–4.69). The cells
are bright golden or yellow-green in color, with slightly constricted cell walls.
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Figure 4.47: Phormidium II.1 (200x DIC), Myrtle Lake, IWS water quality
sampling site, Snohomish County, May 19, 2014.

420

CHAPTER 4. FIL. CYANOBACTERIA WITHOUT HETEROCYSTS

Figure 4.48: Phormidium II.1 (600x DIC), Highwood Lake, IWS water quality
sampling site, Whatcom County, September 28, 2012.
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Figure 4.49: Phormidium II.2 (200x DIC), Goat Lake, Mt. Loop Hwy, June 2,
2014.
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Figure 4.50: Phormidium II.3 (200x DIC), stream along Klipsun trail, Whatcom
County, April 15, 2014.
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Figure 4.51: Phormidium II.3 (600x DIC), stream along Klipsun trail, Whatcom
County, April 15, 2014.
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Figure 4.52: Phormidium II.4 (200x DIC), stream outlet from Big Four Ice Caves,
Mt. Loop Hwy, July 18, 2011.
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Figure 4.53: Phormidium II.4 (400x DIC), stream outlet from Big Four Ice Caves,
Mt. Loop Hwy, July 18, 2011.
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Figure 4.54: Phormidium II.5 (600x DIC), Coal Lake, IWS water quality
sampling site, Snohomish County, July 31, 2014.
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Figure 4.55: Phormidium II.5 (200x DIC), Coal Lake, IWS water quality
sampling site, Snohomish County, July 31, 2014.
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Figure 4.56: Phormidium III.1 (600x DIC), wet seep on Ptarmigan Ridge trail,
Whatcom County, September 18, 2008.
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Figure 4.57: Phormidium III.1 (200x DIC), wet seep on Ptarmigan Ridge trail,
Whatcom County, September 18, 2008.
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Figure 4.58: Phormidium III.2 (600x DIC), stream along Klipsun trail, Whatcom
County, April 15, 2014.
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Figure 4.59: Phormidium III.3 (600x DIC), Goat Lake, Mt. Loop Hwy, June 2,
2014.
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Figure 4.60: Phormidium IV.1 (200x DIC), Goss Lake, IWS water quality
sampling site, Island County, July 22, 2013.
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Figure 4.61: Phormidium V.1 (600x DIC), Lake Geneva, IWS water quality
sampling site, Whatcom County, November 15, 2012.
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Figure 4.62: Phormidium V.2 (400x DIC), Lake Campbell, IWS water quality
sampling site, Skagit County, July 31, 2013.
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Figure 4.63: Phormidium V.3 (600x DIC), Lake Padden, IWS water quality
sampling site, Whatcom County, October 26, 2012.
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Figure 4.64: Phormidium V.4 (600x DIC), Monte Cristo Lake, IWS water quality
sampling site, Snohomish County, August 20, 2013.
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Figure 4.65: Phormidium V.5 (600x DIC), Lower Bagley Lake, IWS water quality
sampling site, Whatcom County, August 26, 2008.
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Figure 4.66: Phormidium V.6 (200x DIC), Heather Lake, Mt. Loop Hwy, August
19, 2014.
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Figure 4.67: Phormidium V.7 (600x DIC), waterfall on Fragrance Lake trail,
Whatcom County, April 12, 2014.
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Figure 4.68: Phormidium V.8 (600x DIC), Canyon Lake, IWS water quality
sampling site, Whatcom County, August 10, 2015.
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Figure 4.69: Phormidium V.8 (200x DIC), Canyon Lake, IWS water quality
sampling site, Whatcom County, August 10, 2015.
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Planktothrix Anagnostidis & Komárek

Local taxon
Planktothrix isothrix (Skuja) Komárek & Komárková
Abundance
Infrequently collected; occasionally forms blooms.
Local measurements
Planktothrix isothrix
cells (cylinder)

Width
Length
min 5.9 µm
2.8 µm
med 7.0 µm
3.7 µm
max 8.0 µm
5.1 µm
†
Calculated using original measurements, not summary values.

Biovolume†
105 µm3
144 µm3
181 µm3

Description
Planktothrix trichomes are simple, unbranched, and lack heterocysts, akinetes, or
a sheath. The cylindrical cells are slightly shorter than wide and contain numerous
gas vacuoles (Figures 4.70–4.73). The trichomes are usually planktonic and often
motile. Planktothrix isothrix is characterized by bright green or greenish-blue
cells containing numerous gas vacuoles. The trichomes are very actively motile.
Planktothrix isothrix is often found in eutrophic waters, and can be associated
with toxic blooms.
Planktothrix can be difficult to distinguish from other unbranched filamentous
Cyanobacteria. The cylindrical cells help distinguish Planktothrix from the short,
coin-like cells found in Oscillatoria (Section 4.6, page 394), and Planktothrix
trichomes are not enclosed in a sheath, which distinguishes it from Lyngbya
(Section 4.4, page 378). But Planktothrix closely resembles some species of
Phormidium (Section 4.7, page 414), and there is no single morphological feature
that reliably separates these two genera. Planktothrix trichomes lack a sheath, so
they will not form sticky mats or clumps. Also, as indicated above, Planktothrix
is more common in plankton samples from nutrient-rich lakes than Phormidium,
although plankton samples may contained clumps of Phormidium that presumably
dislodged from benthic mats. Finally, fresh, unpreserved Planktothrix isothrix
cells contain gas vacuoles, which give the trichomes a distinctive mottled
appearance.
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Figure 4.70: Planktothrix isothrix (1000x DIC), Stillwaters Environmental Center
pond, Kingston, WA, June 18, 2011. Photo provided by Karl Bruun, Nostoca
Algae Laboratory, Bainbridge Island, WA.
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Figure 4.71: Planktothrix isothrix (1000x DIC), Stillwaters Environmental Center
pond, Kingston, WA, June 18, 2011. Photo provided by Karl Bruun, Nostoca
Algae Laboratory, Bainbridge Island, WA.
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Figure 4.72: Planktothrix isothrix (600x DIC), Lake Ketchum, IWS water quality
sampling site, Snohomish County, September 2, 2009.

446

CHAPTER 4. FIL. CYANOBACTERIA WITHOUT HETEROCYSTS

Figure 4.73: Planktothrix isothrix (200x DIC), Lake Ketchum, IWS water quality
sampling site, Snohomish County, September 2, 2009.
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Pseudanabaena Lauterborn

Local taxa
Pseudanabaena arcuata (Skuja) Anagnostidis & Komárek?;
Pseudanabaena catenata Lauterborn;
Pseudanabaena constricta (Szafer) Lauterborn
(=Johanseninema constrictum [Szafer] Hasler, Dvorák & Poulı́cková);
Pseudanabaena limnetica (Lemmermann) Komárek;
Pseudanabaena mucicola (Naumann & Huber-Pestalozzi) Schwabe;
Pseudanabaena spp.
Abundance
Moderately common, but easily overlooked; common epiphyte in mucilage of
other algae or zooplankton.

min
med
max

Width
1.3 µm
1.6 µm
1.8 µm

Length
4.0 µm
4.8 µm
6.6 µm

Biovolume†
6.24 µm3
9.45 µm3
16.8 µm3

Pseudanabaena catenata
cells (cylinder)

min
med
max

1.6 µm
2.2 µm
3.1 µm

2.8 µm
4.5 µm
9.6 µm

10.7 µm3
18.4 µm3
40.0 µm3

Pseudanabaena constricta
cells (spheroid)

min
med
max

3.8 µm
4.1 µm
4.5 µm

5.5 µm
6.0 µm
7.2 µm

42.3 µm3
54.5 µm3
76.3 µm3

Pseudanabaena limnetica
cells (cylinder)

min
med
max

1.5 µm
1.8 µm
2.1 µm

6.9 µm
16.6 µm
30.5 µm

19.6 µm3
37.3 µm3
75.2 µm3

Pseudanabaena mucicola
cells (cylinder)

min
med
max

1.4 µm
1.7 µm
2.4 µm

2.9 µm
5.12 µm3
4.3 µm
9.43 µm3
6.5 µm
16.3 µm3
continued on next page

Local measurements
Pseudanabaena arcuata?
cells (cylinder)
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Local measurements
Pseudanabaena sp.1
cells (cylinder)

min
med
max

Width
1.7 µm
2.0 µm
2.3 µm

Length
2.4 µm
3.2 µm
4.0 µm

Biovolume†
5.67 µm3
9.83 µm3
15.0 µm3

min 2.4 µm
2.5 µm
19.1 µm3
med 2.9 µm
4.0 µm
27.6 µm3
max 3.2 µm
5.8 µm
35.0 µm3
†
Calculated using original measurements, not summary values.
Pseudanabaena sp.2?
cells (cylinder)

Description
Most Pseudanabaena trichomes are tiny, pale blue-gray, and very easy to
overlook. The individual cells may be cylindrical, barrel-shaped, or nearly
spherical, and are usually deeply constricted at the cross-walls (Figures 4.74–
4.85). Some species have very short trichomes, often consisting of only a few
cells, and many are associated with the mucilage layer of other aquatic organisms.
Pseudanabaena arcuata is a specialist that grows in rotifer mucilage, especially
in association with Conochilus (Figures 4.74–4.75). Pseudanabaena arcuata
has short, straight trichomes that contain approximately 5–7 cylindrical cells,
ending in a conical apical cell. The cells are pale blue-gray or blue-green,
with constricted end-walls. The species identification is tentatively because the
local specimens of Pseudanabaena arcuata are virtually indistinguishable from
Pseudanabaena mucicola (Figures 4.81–4.82), which is commonly found in the
mucilage surrounding planktonic Cyanobacteria. Komárek and Anagnostidis
(2005) suggest that specimens listed as Pseudanabaena mucicola, but associated
with rotifer mucilage, are probably incorrectly identified.
Pseudanabaena catenata is characterized by long (>10–20 cells), straight,
solitary trichomes that are usually planktonic (Figures 4.76–4.77). The individual
cells are cylindrical, with abruptly indented cross-walls that give the cells a
rectangular appearance. The cells range from pale gray to olive-green and have a
slightly granular cell content. This group is morphologically variable, especially
with regard to the cell length, and probably includes more than one species.
Pseudanabaena constricta trichomes are solitary, straight or slightly curved, and
relatively long (>10–20 cells). The individual cells are deeply constricted (beadlike), grayish, with a slightly granular cell content (Figures 4.78–4.79). The genus
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of this taxon has been revised repeatedly, reflecting a lack of genetic similarity
to other species of Pseudanabaena. Komárek and Anagnostidis (2005) included
this taxon as Komvophoron constrictum (Szafer) Anagnostidis & Komárek, and
AlgaeBase lists it as Johanseninema constrictum (Szafer) Hasler, Dvorák &
Poulicková (AlgaeBase, downloaded October 22, 2015).
Pseudanabaena limnetica trichomes are long (>10–20 cells), straight, and
solitary. The cells are pale gray, cylindrical, and have abruptly constricted
cross-walls (Figure 4.80). Pseudanabaena limnetica resembles Pseudanabaena
catenata, but has slightly narrower and much longer cells.
Pseudanabaena mucicola is a specialist that grows in the mucilage layer
surrounding many species of Cyanobacteria (Figures 4.81–4.82). The species
forms short 3–6 cell trichomes of pale blue-gray, cylindrical cells that are
constricted at the cross-walls. The apical cell is bluntly pointed.
Pseudanabaena sp.1 trichomes are short, straight, and extremely motile (Figures
4.83–4.84). The individual cells are cylindrical, abruptly constricted, and pale
blue-gray or slightly pinkish; the apical cells are rounded, not pointed or conical.
Figure 4.85 shows several epiphytic trichomes that are tentatively identified as a
species of Pseudanabaena. The trichomes are relatively long (>10–20 cells),
consisting of short, cylindrical cells with constricted cross-walls. The local
specimens were all collected as epiphytes on Tolypothrix (Section 3.14, page 343)
in a nutrient-rich, low elevation lake.
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Figure 4.74: Pseudanabaena arcuata? (100x phase contrast), Lake Whatcom,
IWS water quality sampling site, Whatcom County, November 2, 2011.
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Figure 4.75: Pseudanabaena arcuata? (600x DIC), Lake Whatcom, IWS water
quality sampling site, Whatcom County, November 2, 2011.
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Figure 4.76: Pseudanabaena catenata (600x DIC), Lake Fazon, IWS water
quality sampling site, Whatcom County, September 23, 2008.
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Figure 4.77: Pseudanabaena catenata (600x DIC), Lake Fazon, IWS water
quality sampling site, Whatcom County, August 17, 2009.
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Figure 4.78: Pseudanabaena constricta (600x DIC), Coal Lake, IWS water
quality sampling site, Snohomish County, August 20, 2013.
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Figure 4.79: Pseudanabaena constricta (600x DIC), stream along Klipsun trail,
Whatcom County, May 7, 2015.
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Figure 4.80: Pseudanabaena limnetica (600x DIC), Lake Fazon, IWS water
quality sampling site, Whatcom County, August 20, 2009.
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Figure 4.81: Pseudanabaena mucicola (200x DIC), Lone Lake, IWS water quality
sampling site, Island County, July 14, 2010.
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Figure 4.82: Pseudanabaena mucicola (600x DIC), Lone Lake, IWS water quality
sampling site, Island County, August 4, 2014.
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Figure 4.83: Pseudanabaena sp.1 (600x DIC), Lake Padden, IWS water quality
sampling site, Whatcom County, October 26, 2012.
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Figure 4.84: Pseudanabaena sp.1 (200x DIC), Lake Padden, IWS water quality
sampling site, Whatcom County, October 26, 2012.
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Figure 4.85: Pseudanabaena sp.2? (600x DIC), Lake Terrell, IWS water quality
sampling site, Whatcom County, September 21, 2012.
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4.10

Schizothrix Kützing ex Gomont

Local taxon
Schizothrix facilis (Skuja) Anagnostidis?
Abundance
Infrequently collected in plankton samples; may form mats on wet, rocky surfaces.
Local measurements
Schizothrix facilis?
cells (cylinder)

Width
Length
min 2.4 µm
2.1 µm
med 2.6 µm
2.7 µm
max 4.5 µm
4.1 µm
†
Calculated using original measurements, not summary values.

Biovolume†
9.50 µm3
15.4 µm3
63.6 µm3

Description
Schizothrix facilis trichomes are unbranched and surrounded by a thick mucilage
that often extends beyond the end of the trichome (Figures 4.86–4.87). The
individual cells are cylindrical and approximately equal in width and length or
slightly longer than wide. The filaments usually form dense sticky mats attached
to a solid substrate, and are often yellowish, orange, red, brown, or violet. The
taxonomy of this genus is very complex (Komárek and Anagnostidis, 2005), so
both the genus and species identifications are tentative.
The specimens in Figures 4.86–4.87 were collected from a cold, clear seep near a
waterfall in the North Cascades. The trichomes were firmly attached to wet stones
in the seep, forming a sticky orange mat.

4.10. SCHIZOTHRIX

463

Figure 4.86: Schizothrix facilis? (100x DIC), seep on trail to Lake Serene near
Bridal Veil Falls, Mt. Loop Hwy, August 15, 2011.
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Figure 4.87: Schizothrix facilis? (600x DIC), seep on trail to Lake Serene near
Bridal Veil Falls, Mt. Loop Hwy, August 15, 2011.
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Tychonema Anagnostidis & Komárek

Local taxa
Tychonema bornetti (Zukal) Anagnostidis & Komárek?;
Tychonema tenue (Skuja) Anagnostidis & Komárek?
Abundance
Moderately common, but easily overlooked.
Local measurements
Tychonema bornetti?
cells (cylinder)

min
med
max

Width
9.5 µm
10.9 µm
15.1 µm

Length
4.7 µm
6.0 µm
7.9 µm

Biovolume†
416 µm3
551 µm3
1,340 µm3

min 7.0 µm
4.3 µm
175 µm3
med 7.3 µm
5.5 µm
242 µm3
max 7.8 µm
8.6 µm
400 µm3
†
Calculated using original measurements, not summary values.
Tychonema tenue?
cells (cylinder)

Description
Tychonema trichomes are unbranched, untapered, and lack heterocysts, akinetes,
or a visible sheath (Figures 4.88–4.94). The individual cells are cylindrical (not
coin-like) and usually only slightly shorter than wide. The most distinctive feature
of this genus is the intensely vacuolated cell contents (keritomized), which makes
the individual cells appear to be empty. Most taxa are solitary, planktonic, and
nonmotile, or at least lacking the active twisting, twitching, or gliding motility
that characterizes Oscillatoria (Section 4.6, page 394), Geitlerinema (Section 4.3,
page 372), Phormidium (Section 4.7, page 414), and other similar taxa.
Tychonema bornetii has wide cells (≥10 µm) that are nearly colorless, but may
have a slight reddish tint (Figures 4.88–4.91). The cell walls are unconstricted, but
the cross-walls may be granulated (or not!). The local specimens appear to have
two morphological forms: a blue-gray variation with distinctly granulated crosswalls (Figures 4.88–4.89) and a reddish variation with smooth cross-walls (Figure
4.90–4.91). The published descriptions for this species are inconsistent; John, et
al. (2011) attribute some of the species variation to morphological responses to
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environmental conditions. Due to the uncertainty in the species description, all
specimens ≥10 µm wide are tentatively listed as Tychonema bornetti.
Tychonema tenue has narrower cells (≤7 µm) that are pale blue-gray or nearly
colorless (Figures 4.92–4.94). The cell walls are unconstricted, but should be
distinctly granulated. This species is described as being associated with cold,
acidic water (Komárek and Anagnostidis, 2005), and all of the local specimens
were collected from cold, slightly acidic, high elevation lakes. The specimen
from Boardman Lake (Figure 4.92) has granulated cross-walls, but the specimens
from Bear Lake (Figures 4.93–4.94) appear to have smooth cross-walls. Given the
similarities in habitat and trichome width, along with the general uncertainty for
species separations in this genus, both variations are listed as Tychonema tenue.
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Figure 4.88: Tychonema bornetti? (200x DIC), Big Twin Lake (Winthrop area),
eastern Washington, June 18, 2014.
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Figure 4.89: Tychonema bornetti? (200x DIC), Big Twin Lake (Winthrop area),
eastern Washington, June 18, 2014.
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Figure 4.90: Tychonema bornetti? (600x DIC), Lake Ames, King County, May
11, 2015.
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Figure 4.91: Tychonema bornetti? (600x DIC), Lake Everett, IWS water quality
sampling site, Skagit County, August 5, 2015.
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Figure 4.92: Tychonema tenue? (400x DIC), Boardman Lake, Mt. Loop Hwy,
August 28, 2014.
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Figure 4.93: Tychonema tenue? (200x DIC), Bear Lake, IWS water quality
sampling site, Snohomish County, August 28, 2014.
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h
Figure 4.94: Tychonema tenue? (600x DIC), Bear Lake, IWS water quality
sampling site, Snohomish County, August 28, 2014.
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