Chapter 3
Filamentous Cyanobacteria With
Heterocysts
The key on page 194 will help you identify filamentous Cyanobacteria that form
nitrogen-fixing heterocysts (Figure 1.11, page 20). For solitary and colonial
Cyanobacteria, including taxa that form pseudofilaments, go to Table 2.1 on page
24; for filamentous Cyanobacteria that do not form heterocysts, go to Table 4.1 on
page 354.
Heterocyst-forming Cyanobacteria are extremely common, especially in eutrophic
lakes. The ability to convert nitrogen gas (N2 ) into usable forms of inorganic
nitrogen allows the heterocyst-forming Cyanobacteria to thrive when other types
of algae are experiencing nitrogen limitation. Heterocysts are produced when
dissolved inorganic nitrogen (DIN)12 concentrations start to drop, so the trichomes
might not contain heterocysts if you sample during the winter or early spring.
Some of the heterocyst-forming filamentous Cyanobacteria taxa also form thick
walled akinetes (Figure 1.12, page 21). Akinetes are produced late in the growth
cycle, so their absence is more common than for heterocysts. In this guide,
identifying the genus of heterocyst-forming taxa will not require the present of
akinetes, but most species identifications can not be confirmed without akinetes.
As with all Cyanobacteria, try to examine more than one specimen to determine
whether you are trying to key representative cells and filaments.
12

DIN = ammonium + nitrite + nitrate
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Table 3.1: Key to Filamentous Cyanobacteria With Heterocysts

A

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

Go to key on page 24

B

Trichomes unbranched; untapered or very
slightly tapered;

See below

C

Trichomes unbranched; distinctly tapered

Go to page 195

D

Trichomes branching at heterocyst or break in
trichome (false branching)

Go to page 196

E

Trichomes with true branching caused by lateral
cell division; trichomes may be multiseriate
(>1 cell per row)

Go to page 196

B

Trichomes unbranched; untapered or very
slightly tapered
B.1 Heterocysts located at one end of trichome
B.1a Heterocyst usually adjacent to an akinete;

Cylindrospermum
(page 273)

B.1b Akinetes rare; trichomes straight or
strongly curved/tapered; both forms usually
present in sample (warm water genus - not
observed locally)

Cylindrospermopsis
(page 266)

continued on next page
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Table 3.1: Key to Filamentous Cyanobacteria With Heterocysts, continued
B.2 Heterocysts located at both ends of short, coiled
or twisted trichome

Anabaenopsis
(page 248)

B.3 Heterocysts not confined to end of trichome

C

B.3a Trichome untapered or very slightly
tapered; trichomes clumped in grass-like flakes
or solitary

Aphanizomenon
(page 250)

B.3b Trichomes straight, curved, coiled, or
tangled; cells bead-like; mucilage indistinct
unless stained

Anabaena and
Dolichospermum
Go to key on page 199

B.3c Trichomes resemble Anabaena and
Dolichospermum (see above), but enclosed
inside firm colonial mucilage; colonies often
macroscopic

Nostoc (page 309)

Trichomes unbranched; distinctly tapered
C.1 Heterocysts present at base of trichome
C.1a Trichomes radiate from center of
spherical colony; resembles spiny sea urchin

Gloeotrichia (page 293)

C.1b Mat or tuft-like colonies attached to
substrate; single trichome inside sheath;
unbranched or false branching

Calothrix (page 257)

C.1c Mat or tuft-like colonies attached to
substrate; multiple trichomes inside common
sheath; unbranched or false branching

Dichothrix (page 280)

continued on next page
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Table 3.1: Key to Filamentous Cyanobacteria With Heterocysts, continued
C.2 Heterocysts present but not basal; trichomes
untapered or very slightly tapered; trichomes
clumped in grass-like flakes or solitary

D

Aphanizomenon
(page 250)

Trichomes branching at heterocyst or break in
trichome (false branching)
D.1 Trichomes tapered
D.1a Mat or tuft-like colonies attached to
substrate; single trichome inside sheath;
unbranched or false branching

Calothrix (page 257)

D.1b Mat or tuft-like colonies attached to
substrate; multiple trichomes inside common
sheath; unbranched or false branching

Dichothrix (page 280)

D.2 Trichomes untapered

E

D.2a One or more heterocysts at base of false
branch

Tolypothrix (page 343)

D.2b Heterocysts present but not confined to
base of false branch; trichomes surrounded by
thick gelatinous sheath

Scytonema (page 320)

Trichomes with true branching caused by lateral
cell division; trichomes may be multiseriate
(>1 cell per row)
E.1 Trichome mostly uniseriate (1 cell per row);
trichomes surrounded by clear or slightly
yellowish mucilage
continued on next page
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Table 3.1: Key to Filamentous Cyanobacteria With Heterocysts, continued
E.1a Cells barrel-shaped or nearly spherical;
main branch of trichome slightly larger than
lateral branches;

Fischerella (page 290)

E.1b Cells cylindrical and unconstricted; main
and lateral branches of trichome about the same
size

Hapalosiphon
(page 301)

E.2 Trichome multiseriate (>1 cell per row);
trichomes surrounded by firm, dark mucilage

Stigonema (page 329)
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Anabaena Bory ex Bornet & Flahault and
Dolichospermum (Ralfs ex Bornet & Flahault)
Wacklin, Hoffmann & Komárek

Local taxa
Anabaena catenula Kützing ex Bornet & Flahault;
Anabaena cylindrica Lemmermann;
Anabaena echinospora Skuja;
Anabaena inaequalis Bornet & Flahault;
Anabaena oscillarioides Bory ex Bornet & Flahault;
Anabaena spp.;
Dolichospermum circinale (Nygaard) Wacklin, Hoffmann & Komárek)
(=Dolichospermum sigmoideum [Nygaard] Wacklin, Hoffmann & Komárek);
Dolichospermum crassum (Lemmermann) Wacklin, Hoffmann & Komárek;
Dolichospermum flosaquae (Brébisson ex Bornet & Flahault) Wacklin, Hoffmann
& Komárek;
Dolichospermum lemmermannii (Ricter) Wacklin, Hoffmann & Komárek;
Dolichospermum mendotae (Trelease) Wacklin, Hoffmann & Komárek;
Dolichospermum planctonicum (Brunnthaler) Wacklin, Hoffmann & Komárek;
Dolichospermum skujaelaxum (Komárek & Zapomlová) Wacklin, Hoffmann
& Komárek
Abundance
There are many species of Anabaena and Dolichospermum in northwest
Washington lakes and ponds. Some of the species are common, and form dense
blooms, while other species are not associated with blooms.
Because of the importance of this group as water quality indicators, I included a
simple key, beginning on page 199, to help identify the common local taxa. The
key is followed by cell, heterocyst, and akinete measurements, beginning on page
201, which should help confirm the species identification.
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Table 3.2: Key to Local Anabaena and Dolichospermum species
A

B

C

Trichomes straight or curved; akinetes
cylindrical; adjacent to heterocysts
A.1 Akinetes spiny and solitary

Anabaena echinospora
(Figures 3.6–3.7)

A.2 Akinetes smooth, with multiple akinetes in a
series; heterocysts spherical

Anabaena
oscillarioides
(Figures 3.10–3.13)

A.3 Akinetes smooth and solitary; heterocysts oval

Anabaena cylindrica
(Figures 3.4–3.5)

Trichomes straight or curved; akinetes oval or
cylindrical; not adjacent to heterocysts
B.1 Akinetes cylindrical with ⇒flat ends; cells
compressed (width ≥ length)

Anabaena inaequalis
(Figures 3.8–3.9)

B.2 Akinetes cylindrical with ⇒rounded ends; cells
not compressed

Anabaena catenula
group
(Figures 3.2–3.3)

B.3 Akinetes oval; ⇒planktonic

Dolichospermum
planctonicum
(Figures 3.34–3.36)

Trichomes tangled or spiraling; akinetes
adjacent to heterocysts
C.1 Akinetes form very dense cluster in center of
colony

Dolichospermum
lemmermannii
(Figures 3.28–3.30)
continued on next page
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Table 3.2: Key to the Anabaena and Dolichospermum, continued
C.2 Akinetes scattered along trichome, not in a
dense central cluster

D

Dolichospermum
skujaelaxum
(Figures 3.37–3.38)

Trichomes tangled or spiraling; akinetes not
adjacent to heterocysts
D.1 Akinetes oval
D.1a Akinetes symmetric; trichomes form
regular spirals resembling coiled spring; cells
compressed (width ≥ length)
D.1b Akinetes asymmetric; cells and
heterocysts nearly spherical

Dolichospermum
crassum
(Figures 3.24–3.25)
Dolichospermum
circinale
(Figures 3.22–3.23)

D.2 Akinetes cylindrical; trichomes tangled or
forming irregular spirals
D.1a Akinetes curved (kidney-shaped); cells
and heterocysts ±spherical

Dolichospermum
flosaquae
(Figures 3.26–3.27)

D.1b Akinetes straight; cells and heterocysts
longer than wide

Dolichospermum
mendotae
(Figures 3.31–3.32)
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min
med
max

Width
4.7 µm
5.1 µm
6.5 µm

Length
4.7 µm
5.6 µm
7.7 µm

Biovolume†
54.4 µm3
77.0 µm3
140 µm3

Anabaena catenula group
heterocysts (spheroid)

min
med
max

5.6 µm
6.1 µm
6.6 µm

5.6 µm
6.4 µm
7.0 µm

95.2 µm3
131 µm3
146 µm3

Anabaena catenula group
akinetes (cyl + two 21 spheres)‡

min
med
max

5.6 µm
6.4 µm
7.6 µm

11.4 µm
18.0 µm
23.2 µm

117 µm3
318 µm3
614 µm3

Anabaena cylindrica
cells (spheroid)

min
med
max

4.9 µm
5.6 µm
6.0 µm

6.8 µm
8.3 µm
10.9 µm

96.7 µm3
129 µm3
192 µm3

Anabaena cylindrica
heterocysts (spheroid)

min
med
max

6.3 µm
6.7 µm
7.9 µm

9.8 µm
11.6 µm
12.6 µm

210 µm3
269 µm3
408 µm3

Anabaena cylindrica
akinetes (cyl + two 21 spheres)‡

min
med
max

5.6 µm
6.6 µm
7.5 µm

18.4 µm
25.3 µm
41.3 µm

285 µm3
651 µm3
1,400 µm3

Anabaena echinospora
cells (spheroid)

min
med
max

7.4 µm
8.3 µm
11.4 µm

6.8 µm
8.0 µm
10.3 µm

239 µm3
288 µm3
701 µm3

Anabaena echinospora
heterocysts (spheroid)

min
med
max

7.9 µm
9.2 µm
11.1 µm

6.7 µm
9.2 µm
10.8 µm

219 µm3
421 µm3
594 µm3

Anabaena echinospora
akinetes (cyl + two 21 spheres)‡ §

min
med
max

8.7 µm
9.3 µm
12.1 µm

16.6 µm
421 µm3
20.5 µm
636 µm3
37.5 µm
2,340 µm3
continued on next page

Local measurements
Anabaena catenula group
cells (spheroid)
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min
med
max

Width
4.2 µm
5.7 µm
7.1 µm

Length
4.0 µm
5.0 µm
7.7 µm

Biovolume†
62.9 µm3
79.3 µm3
129 µm3

Anabaena inaequalis
heterocysts (spheroid)

min
med
max

5.3 µm
6.7 µm
7.7 µm

5.7 µm
6.9 µm
10.6 µm

90.3 µm3
157 µm3
329 µm3

Anabaena inaequalis
akinetes (cyl + two 21 spheres)‡

min
med
max

5.6 µm
8.3 µm
9.2 µm

10.8 µm
21.5 µm
29.5 µm

100 µm3
762 µm3
1,020 µm3

Anabaena oscillarioides
cells (spheroid)

min
med
max

3.4 µm
3.7 µm
5.5 µm

3.2 µm
3.7 µm
4.6 µm

19.4 µm3
33.0 µm3
58.6 µm3

Anabaena oscillarioides
heterocysts (spheroid)

min
med
max

4.4 µm
5.3 µm
6.6 µm

5.0 µm
5.2 µm
6.6 µm

51.7 µm3
76.5 µm3
151 µm3

Anabaena oscillarioides
akinetes (cyl + two 21 spheres)‡

min
med
max

7.4 µm
7.5 µm
8.1 µm

19.5 µm
20.3 µm
22.2 µm

519 µm3
566 µm3
654 µm3

Anabaena sp.1
cells (spheroid)

min
med
max

4.6 µm
5.3 µm
5.9 µm

5.6 µm
7.3 µm
9.8 µm

99.7 µm3
159 µm3
268 µm3

Anabaena sp.1
heterocysts (spheroid)

min
med
max

5.4 µm
6.1 µm
6.8 µm

9.9 µm
11.1 µm
12.5 µm

162 µm3
211 µm3
257 µm3

min
med
max

6.4 µm
6.9 µm
10.7 µm

26.6 µm
737 µm3
42.4 µm
1,380 µm3
58.5 µm
1,620 µm3
continued on next page

Local measurements
Anabaena inaequalis
cells (spheroid)

Anabaena sp.1
akinetes (cyl + two

1
2

‡

spheres)
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min
med
max

Width
5.9 µm
6.5 µm
7.0 µm

Length
5.2 µm
6.2 µm
8.9 µm

Biovolume†
96.6 µm3
143 µm3
197 µm3

Anabaena sp.2
heterocysts (spheroid)

min
med
max

5.9 µm
6.7 µm
7.0 µm

6.7 µm
7.1 µm
7.5 µm

124 µm3
164 µm3
187 µm3

Anabaena sp.2
akinetes (spheroid)§

min
med
max

7.2 µm
7.6 µm
7.8 µm

9.8 µm
12.3 µm
13.5 µm

266 µm3
381 µm3
401 µm3

Dolichospermum circinale
cells (spheroid)

min
med
max

6.1 µm
7.7 µm
9.8 µm

6.1 µm
7.0 µm
7.8 µm

129 µm3
229 µm3
377 µm3

Dolichospermum circinale
heterocysts (spheroid)

min
med
max

8.4 µm
9.2 µm
9.7 µm

7.9 µm
9.1 µm
10.1 µm

292 µm3
419 µm3
478 µm3

Dolichospermum circinale
akinetes (spheroid)

min
med
max

12.2 µm
13.6 µm
15.6 µm

20.3 µm
23.4 µm
25.4 µm

1,580 µm3
2,400 µm3
3,050 µm3

Dolichospermum crassum
cells (spheroid)

min
med
max

8.5 µm
11.6 µm
14.4 µm

7.9 µm
10.2 µm
13.8 µm

306 µm3
715 µm3
1,340 µm3

Dolichospermum crassum
heterocysts (spheroid)

min
med
max

9.5 µm
12.9 µm
17.9 µm

9.9 µm
12.8 µm
22.5 µm

468 µm3
1,090 µm3
3,770 µm3

Dolichospermum crassum
akinetes (spheroid)

min
med
max

16.0 µm
16.5 µm
21.2 µm

22.1 µm
3,070 µm3
28.2 µm
4,100 µm3
36.6 µm
8,610 µm3
continued on next page

Local measurements
Anabaena sp.2
cells (spheroid)
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min
med
max

Width
6.8 µm
7.8 µm
9.5 µm

Length
6.3 µm
7.8 µm
9.9 µm

Biovolume†
182 µm3
225 µm3
392 µm3

Dolichospermum flosaquae
heterocysts (spheroid)

min
med
max

7.2 µm
8.3 µm
10.1 µm

7.1 µm
8.1 µm
9.9 µm

193 µm3
289 µm3
529 µm3

Dolichospermum flosaquae
akinetes (spheroid)

min
med
max

8.5 µm
10.6 µm
13.9 µm

17.9 µm
24.7 µm
31.4 µm

677 µm3
1,460 µm3
2,780 µm3

Dolichospermum lemmermannii
cells (spheroid)

min
med
max

5.1 µm
6.1 µm
7.7 µm

7.0 µm
9.0 µm
13.1 µm

99.1 µm3
167 µm3
357 µm3

Dolichospermum lemmermannii
heterocysts (spheroid)

min
med
max

6.0 µm
6.9 µm
8.0 µm

6.5 µm
7.5 µm
8.3 µm

128 µm3
185 µm3
278 µm3

Dolichospermum lemmermannii
akinetes (spheroid)

min
med
max

7.3 µm
9.4 µm
10.6 µm

17.7 µm
19.2 µm
37.7 µm

533 µm3
835 µm3
2,220 µm3

Dolichospermum mendotae
cells (spheroid)

min
med
max

3.8 µm
4.4 µm
5.3 µm

5.3 µm
7.4 µm
8.7 µm

46.9 µm3
74.8 µm3
86.4 µm3

Dolichospermum mendotae
heterocysts (spheroid)

min
med
max

5.1 µm
5.3 µm
5.4 µm

6.5 µm
7.7 µm
7.8 µm

95.6 µm3
112 µm3
119 µm3

Dolichospermum mendotae
akinetes (cyl + two 21 spheres)‡

min
med
max

5.8 µm
8.6 µm
10.3 µm

22.1 µm
429 µm3
23.6 µm
763 µm3
26.7 µm
1,100 µm3
continued on next page

Local measurements
Dolichospermum flosaquae
cells (spheroid)
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min
med
max

Width
8.8 µm
11.4 µm
13.4 µm

Length
7.8 µm
9.8 µm
12.6 µm

Biovolume†
316 µm3
685 µm3
1,130 µm3

Dolichospermum planctonicum
heterocysts (spheroid)

min
med
max

10.2 µm
11.8 µm
15.1 µm

10.3 µm
11.8 µm
14.1 µm

561 µm3
927 µm3
1,680 µm3

Dolichospermum planctonicum
akinetes (spheroid)

min
med
max

13.3 µm
17.3 µm
20.4 µm

11.8 µm
23.7 µm
34.0 µm

1,090 µm3
3,730 µm3
7,340 µm3

Dolichospermum skujaelaxum
cells (spheroid)

min
med
max

5.5 µm
6.4 µm
7.0 µm

6.2 µm
7.1 µm
8.1 µm

98.2 µm3
153 µm3
190 µm3

Dolichospermum skujaelaxum
heterocysts (spheroid)

min
med
max

4.6 µm
5.9 µm
6.9 µm

5.3 µm
6.0 µm
7.4 µm

62.0 µm3
112 µm3
184 µm3

Local measurements
Dolichospermum planctonicum
cells (spheroid)

Dolichospermum skujaelaxum‡
akinetes (cyl + two 21 spheres)

min 9.2 µm
23.9 µm
med 10.2 µm
30.6 µm
max 11.0 µm
34.4 µm
†
Calculated using original measurements, not summary values.
‡
Biovolume based on cylinder length (< cell length).
§
Biovolume estimates based on <5 cells.

935 µm3
1,400 µm3
1,720 µm3

Description
Anabaena and Dolichospermum cells are spherical, oval, or barrel-shaped
(Figures 3.1–3.38). The trichomes are unbranched and untapered, consisting of
chains of bead-like vegetative cells. There is usually a mucilaginous sheath,
but this can be difficult to see without staining. The trichome may be straight,
bent, coiled, or irregularly twisted, and may occur as individual filaments or
in tangled clumps. In addition to the vegetative cells, the trichomes often
contain nitrogen-fixing heterocysts, and may contain thick-walled akinetes. Both
Anabaena and Dolichospermum trichomes look similar to Nostoc trichomes, but
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Nostoc trichomes will be enclosed in a firm, rubbery colonial mucilage (Section
3.11, page 309). Anabaena and Dolichospermum species are difficult to identify
unless the sample contains vegetative cells, heterocysts, and mature akinetes.
The separation of Anabaena from Dolichospermum is fairly recent, and does not
appear in older taxonomic keys. The revision is based on genetic differences that
determine whether the cells can form gas vacuoles (see discussion by Wacklin, et
al., 2009). All planktonic species that can form gas vacuoles have been reassigned
to the genus Dolichospermum; this includes most of the toxin-forming species that
were formerly in the genus Anabaena. The species that were retained in the genus
Anabaena do not form gas vacuoles, so they should be more common in benthic
mats, along shorelines, and mixed with aquatic vegetation. But wave action,
wind, and other natural processes can suspend non-planktonic Anabaena species
in the water column or cause planktonic Dolichospermum species to accumulate
along the shoreline. As a result, separating Anabaena from Dolichospermum is
challenging. Remember to use the key on page 199.
Anabaena species descriptions: Anabaena species lack gas vacuoles, so they do
not float in the water column. Many of the species have straight or nearly straight
trichomes. These taxa will be more common along shorelines, mixed with other
aquatic vegetation, or in mats that form on the surface of sediments.
Anabaena catenula is a poorly described taxon that probably includes more
than one species (John, et al. 2011). The distinguishing features for this group
include straight or slightly curved trichomes of small, blue-green or olive-green,
unconstricted, barrel-shaped vegetative cells (width ≈ length); spherical, oval, or
broadly elliptical heterocysts; and bluntly rounded, cylindrical akinetes that are
not adjacent to the heterocysts (Figures 3.2–3.3). Species in the genus Anabaena
should not be planktonic, but according to Komárek (2013), at least some of the
specimens described as Anabaena catenula can form gas vacuoles and should be
transferred to the genus Dolichospermum.
Anabaena cylindrica has straight or slightly curved trichomes of blue-green,
barrel-shaped vegetative cells that are longer than their width (Figures 3.4–3.5).
The heterocysts are oval or elliptical and adjacent on both sides to long, narrow,
cylindrical akinetes. This is a morphologically variable species that is merged
with Anabaena subcylindrica Borge by John et al. (2011) and AlgaeBase (www.
algaebase.org; downloaded October 2, 2015), but retained as a distinct
species by Komárek (2013). Anabaena cylindrica is described as occurring in
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unpolluted water (Komárek, 2013); the local specimens were collected from a
clear mountain lake with extensive shoreline vegetation.
Anabaena echinospora is characterized by straight or slightly curved trichomes
containing bright blue-green, spherical, vegetative cells and spherical heterocysts
(Figures 3.6–3.7). The akinetes are cylindrical and adjacent on both sides to
heterocysts. The mature akinetes develop a distinctive spiny covering (exospore),
but immature akinetes may not show this feature, so it is important to examine
more than one specimen. According to Komárek (2013), this species is found in
cold ponds and marshes; all of the local specimens were collected in a boggy, high
elevation lakes.
Anabaena inaequalis has straight or slightly curved trichomes of grayish-green,
compressed (width > length), barrel-shaped vegetative cells (Figures 3.8–3.9).
The heterocysts range from approximately spherical to oval, and are not adjacent
to the akinetes. The mature akinetes are long and cylindrical, with flattened ends.
All of the local specimens were collected in shallow, low elevation lakes or ponds
containing dense macrophyte growth.
Anabaena oscillarioides trichomes are straight or slightly curved, with small,
blue-green, barrel-shaped cells, and spherical or oval heterocysts (Figures 3.10–
3.13). The mature akinetes are elliptical or cylindrical and smooth (not spiny).
The akinetes have heterocysts adjacent to both ends, and the trichome often
contains multiple akinetes in sequence. This species usually forms mats on wet
surfaces including lake or pond sediments, but can also be collected in shoreline
vegetation.
The two unknown species of Anabaena in Figures 3.14–3.17 were collected in
shoreline samples from boggy mountain lakes. Anabaena sp.1 has straight or
slightly curved trichomes, with pale, grayish-green, barrel-shaped cells (width <
length), oval heterocysts, and long, cylindrical akinetes that are not adjacent to
the heterocysts. This species resembles Anabaena cylindrica in all morphological
and habitat features except the location of the heterocysts relative to the akinetes.
Anabaena sp.2 has straight trichomes, with granular, grayish-green, spherical
cells. The heterocysts are spherical or broadly oval, and not adjacent to akinetes.
The akinetes appear to be elliptical rather than cylindrical, but very few specimens
were collected of this species, so it is difficult to tell whether the akinetes were
fully developed.
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Dolichospermum species descriptions: Dolichospermum species form gas
vacuoles in their cells and are usually planktonic, but can also be found mixed with
aquatic vegetation along shorelines. Many of the species have curved, tangled, or
coiled trichomes, but there are also some species with straight trichomes. Many
of the nuisance Cyanobacteria blooms in local lakes contain at least one species of
Dolichospermum (Figure 3.18), as well as other types of Cyanobacteria, including
Aphanizomenon (Section 3.3, page 250), Gloeotrichia (Section 3.9, page 293),
and Microcystis (Section 2.13, page 141). Some (not all) strains can release toxins
into the water. Old planktonic colonies of Dolichospermum may support stalked,
filter-feeding protozoa or other types of epiphytes (Figures 3.19–3.20) or may
show cell degradation resulting from parasitism (Figure 3.21).
Dolichospermum circinale is characterized by irregularly twisted or coiled
trichomes containing approximately spherical, olive-green or brownish vegetative
cells and spherical heterocysts that are slightly larger than the vegetative cells
(Figures 3.22–3.23). The akinetes are solitary, oval or broadly elliptical, and may
be slightly asymmetric. The akinetes are separated from heterocysts by at least
a few cells. This species closely resembles Dolichospermum flosaquae, which
has spherical cells and kidney-shaped akinetes; and Dolichospermum mendotae,
which has barrel-shaped (not spherical) cells and approximately straight,
cylindrical akinetes. Dolichospermum circinale also resembles Dolichospermum
lemmermannii, which is distinguished by its central mass of cylindrical akinetes.
Dolichospermum crassum trichomes form very regular spirals of approximately
spherical, olive-green or brownish vegetative cells and spherical heterocysts
(Figures 3.24–3.25). The large, oval akinetes are solitary and not adjacent
to the heterocysts.
Several other species of Dolichospermum can form
spiraling trichomes, but will rarely form the spring-like coils that distinguish
Dolichospermum crassum.
Dolichospermum flosaquae (Figures 3.26–3.27) is characterized by irregularly
twisted or loosely tangled trichomes of spherical, dark olive-green or brownish
vegetative cells and spherical heterocysts. The akinetes are elliptical or
kidney-shaped and distant from the heterocysts.
This species closely
resembled Dolichospermum circinale, which can be distinguished by its
asymmetric, oval akinetes; and Dolichospermum mendotae, which can be
distinguished by its barrel-shaped (not spherical) cells and approximately straight,
cylindrical akinetes. Dolichospermum circinale also resembles Dolichospermum
lemmermannii, which is distinguished by its central mass of cylindrical akinetes.
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Dolichospermum lemmermannii (Figures 3.28–3.30) forms large planktonic
colonies containing many densely tangled trichomes of dark olive-green or
brownish, slightly elongated, barrel-shaped cells. The akinetes are usually
cylindrical and slightly curved, but the shape can vary considerably, even within
a single trichome. The akinetes are adjacent to spherical or oval heterocysts,
and form a dense mass in the center of the colony. The colonies become so
dense that it may be difficult to see the distinguishing features. Older colonies
of this species often have epiphytic zooplankton (Figure 3.19). Dolichospermum
lemmermannii resembles several other planktonic Dolichospermum species, but
none will develop the dense central tangle of cylindrical akinetes adjacent to
heterocysts.
Dolichospermum mendotae trichomes are irregularly coiled or twisted and easily
fragmented, with pale blue-green or olive-green, barrel-shaped cells that are
consistently longer than wide (Figures 3.31–3.32). The akinetes are large,
cylindrical, solitary, and not adjacent to the heterocysts. The specimens in
Figure 3.33 fit the trichome description for Dolichospermum mendotae, but lack
akinetes and heterocysts, so the identification is uncertain. Dolichospermum
mendotae resembles Dolichospermum circinale, which can by distinguished by its
asymmetric, oval akinetes; and Dolichospermum flosaquae, which has spherical
cells and kidney-shaped akinetes.
Dolichospermum planctonicum trichomes are straight or very slightly curved, not
tangled or spiraled, consisting of approximately spherical, olive-green or brownish
vegetative cells and spherical heterocysts (Figures 3.34–3.36). The akinetes are
oval or elliptical, solitary, and distant from the heterocysts. The heterocysts
often develop mucilaginous “wings” that are visible using phase contrast or DIC
illumination. The akinetes may also develop mucilaginous extensions, but this
feature is less common in local specimens.
Dolichospermum skujaelaxum is characterized by tangled or irregularly coiled
trichomes containing olive-green or brownish, barrel-shaped cells, and oval
heterocysts (Figures 3.37–3.38). The cylindrical akinetes are adjacent to
heterocysts and are scattered throughout the clump, rather than forming a central
mass. This species resembles Dolichospermum circinale, which has spherical
cells and asymmetric, oval akinetes; Dolichospermum flosaquae, which has
spherical cells and kidney-shaped akinetes; and Dolichospermum lemmermannii,
which forms a dense, central clump of akinetes.
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Figure 3.1: Typical Anabaena trichome stained with methylene blue to show
mucilage layer (600x DIC), Picture Lake, IWS water quality sampling site,
Whatcom County, August 6, 2013.
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Figure 3.2: Anabaena catenula group (600x DIC), Picture Lake, IWS water
quality sampling site, Whatcom County, August 31, 2011.
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Figure 3.3: Anabaena catenula group (200x DIC), Picture Lake, IWS water
quality sampling site, Whatcom County, August 31, 2011.
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Figure 3.4: Anabaena cylindrica (200x DIC), Highwood Lake, IWS water quality
sampling site, Whatcom County, August 11, 2015.
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Figure 3.5: Anabaena cylindrica (600x DIC), Highwood Lake, IWS water quality
sampling site, Whatcom County, August 11, 2015.
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Figure 3.6: Anabaena echinospora (400x DIC), Myrtle Lake, IWS water quality
sampling site, Snohomish County, September 17, 2014.
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Figure 3.7: Anabaena echinospora (400x DIC), Myrtle Lake, IWS water quality
sampling site, Snohomish County, September 17, 2014.
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Figure 3.8: Anabaena inaequalis (600x DIC), small pond near Squalicum Creek,
Whatcom County, May 20, 2011.
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Figure 3.9: Anabaena inaequalis (400x DIC), small pond near Squalicum Creek,
Whatcom County, May 20, 2011.
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Figure 3.10: Anabaena oscillarioides in Lugol’s iodine solution (1000x DIC),
Apple Tree Golf Course, Yakima, WA, May 26, 2009. Photo provided by Karl
Bruun, Nostoca Algae Laboratory, Bainbridge Island, WA.
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Figure 3.11: Anabaena oscillarioides (600x DIC), small backyard pond,
Whatcom County, May 13, 2015.
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Figure 3.12: Anabaena oscillarioides in Lugol’s iodine solution (200x DIC),
Apple Tree Golf Course, Yakima, WA, May 26, 2009. Photo provided by Karl
Bruun, Nostoca Algae Laboratory, Bainbridge Island, WA.
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Figure 3.13: Anabaena oscillarioides (1000x DIC), wet sidewalk, Seattle, WA,
July 12, 2009. Photo provided by Karl Bruun, Nostoca Algae Laboratory,
Bainbridge Island, WA.
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Figure 3.14: Anabaena sp.1 (200x DIC), Lower Ashland Lake, Mt. Loop Hwy,
July 30, 2015.
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Figure 3.15: Anabaena sp.1 (600x DIC), Lower Ashland Lake, Mt. Loop Hwy,
July 30, 2015.
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Figure 3.16: Anabaena sp.2 (600x DIC), Upper Watson Lake, North Cascades
along Hwy 20, August 23, 2013.

226

CHAPTER 3. FIL. CYANOBACTERIA WITH HETEROCYSTS

Figure 3.17: Anabaena sp.2 (200x DIC), Coal Lake, IWS water quality sampling
site, Snohomish County, August 28, 2014.
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Figure 3.18: Dolichospermum bloom (100x DIC), Heart Lake, IWS water quality
sampling site, Skagit County, August 26, 2013.
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Figure 3.19: Dolichospermum lemmermannii colony with attached, filter-feeding
rotifers (100x DIC), Deer Lake, IWS water quality sampling site, Island County,
May 1, 2008.
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Figure 3.20: Dolichospermum with epiphytic Stylochrysalis (400x phase
contrast), Crabapple Lake, IWS water quality sampling site, Snohomish County,
September 21, 2009.
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Figure 3.21: Dolichospermum parasitized by fungi (600x DIC), Heart Lake, IWS
water quality sampling site, Skagit County, August 25, 2009.
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Figure 3.22: Dolichospermum circinale (200x DIC), Lake Fazon, IWS water
quality sampling site, Whatcom County, June 30, 2011.
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Figure 3.23: Dolichospermum circinale (200x DIC), Bullard Pond, IWS water
quality sampling site, Whatcom County, July 22, 2013.
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Figure 3.24: Dolichospermum crassum (200x DIC), Lone Lake, IWS water
quality sampling site, Island County, August 25, 2009.
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Figure 3.25: Dolichospermum crassum flattened trichome (200x DIC), Wiser
Lake, IWS water quality sampling site, Whatcom County, June 30, 2010.
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Figure 3.26: Dolichospermum flosaquae (200x DIC), Lake Padden, IWS water
quality sampling site, September 27, 2012.
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Figure 3.27: Dolichospermum flosaquae (200x DIC), Lake Samish, IWS water
quality sampling site, Whatcom County, October 20, 2010.
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Figure 3.28: Dolichospermum lemmermannii (100x DIC), Grandy Lake, IWS
water quality sampling site, Skagit County, September 9, 2009.
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Figure 3.29: Dolichospermum lemmermannii (200x DIC), Grandy Lake, IWS
water quality sampling site, Skagit County, September 9, 2009.
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Figure 3.30: Dolichospermum lemmermannii (200x phase contrast), Pass Lake,
IWS water quality sampling site, Skagit County, August 24, 2006.
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Figure 3.31: Dolichospermum mendotae (400x DIC), Wiser Lake, IWS water
quality sampling site, Whatcom County, June 30, 2010.
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Figure 3.32: Dolichospermum mendotae (400x DIC), Wiser Lake, IWS water
quality sampling site, Whatcom County, June 30, 2010.
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Figure 3.33: Dolichospermum mendotae? (200x DIC), Toad Lake, IWS water
quality sampling site, Whatcom County, March 24, 2010.
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Figure 3.34: Dolichospermum planctonicum (200x DIC), Big Lake, IWS water
quality sampling site, Skagit County, August 23, 2007.
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Figure 3.35: Dolichospermum planctonicum winged heterocyst (600x DIC), Big
Lake, IWS water quality sampling site, Skagit County, August 23, 2007.
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Figure 3.36: Dolichospermum planctonicum in Lugol’s iodine solution (600x
DIC), Sunset Pond, IWS water quality sampling site, Whatcom County, August
23, 2007.
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Figure 3.37: Dolichospermum skujaelaxum (200x DIC), Glacier Lake, Goat
Rocks Wilderness Area, September 5, 2014.
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Figure 3.38: Dolichospermum skujaelaxum (200x DIC), Glacier Lake, Goat
Rocks Wilderness Area, September 5, 2014.
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Anabaenopsis Miller

Local taxon
Anabaenopsis elenkinii Miller
Abundance
Infrequently collected.
Local measurements
Anabaenopsis elenkinii
cells (spheroid)

Anabaenopsis elenkinii
heterocysts (sphere)

min
med
max

Width
5.9 µm
6.2 µm
6.9 µm

Length
4.1 µm
6.9 µm
9.8 µm

Biovolume†
79.9 µm3
165 µm3
212 µm3

min
med
max

5.3 µm
5.8 µm
6.4 µm

–
–
–

78 µm3
102 µm3
137 µm3

Anabaenopsis elenkinii‡
akinetes (spheroid)

min 9.0 µm
10.8 µm
458 µm3
med 9.2 µm
10.8 µm
474 µm3
max 9.3 µm
10.8 µm
489 µm3
†
Calculated using original measurements, not summary values.
‡
Biovolume estimates based on <5 cells.
Description
Anabaenopsis elenkinii trichomes are twisted into short loops or coils, with
barrel-shaped vegetative cells and spherical heterocysts located at each end of the
trichome (Figure 3.39). The heterocysts are initially formed in a series within the
trichome, not at the ends. The trichome breaks between two heterocysts, forming
short trichomes with heterocysts at each end. The akinetes are solitary or paired,
not adjacent to the heterocysts, and spherical or oval.
This species is described as being slightly halophilic (tolerates salt water) and
associated with eutrophic lakes (Komárek, 2013). The local specimen was
collected from a small, high conductivity (≥1000 µS/cm), eutrophic lake situated
adjacent to the ocean in Birch Bay, WA.
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Figure 3.39: Anabaenopsis elenkinii (400x DIC), Kwan Lake, IWS water quality
sampling site, Whatcom County, August 25, 2009.

250

3.3

CHAPTER 3. FIL. CYANOBACTERIA WITH HETEROCYSTS

Aphanizomenon Morren ex Bornet & Flahault

Local taxon
Aphanizomenon flosaquae Ralfs ex Bornet & Flahault
Abundance
Moderately common; may form very dense blooms.
Local measurements
Aphanizomenon flosaquae
cells (cylinder)

Aphanizomenon flosaquae
heterocysts (spheroid)

min
med
max

Width
3.6 µm
5.0 µm
6.5 µm

Length
4.4 µm
9.4 µm
45.1 µm

Biovolume†
75.3 µm3
212 µm3
717 µm3

min
med
max

4.0 µm
5.0 µm
6.4 µm

8.4 µm
11.4 µm
13.4 µm

75.4 µm3
150 µm3
268 µm3

min 4.4 µm
23.6 µm
med 8.4 µm
58.2 µm
max 10.3 µm
73.0 µm
†
Calculated using original measurements, not summary values.
‡
Biovolume based on cylinder length (< cell length).
Aphanizomenon flosaquae
akinetes (cyl + two 12 spheres)‡

412 µm3
2,780 µm3
4,590 µm3

Description
Aphanizomenon flosaquae is a common water quality indicator that can form
dense blooms in eutrophic lakes (Figures 3.40–3.44). It is often associated with
Gloeotrichia (Section 3.9, page 293), Dolichospermum (Section 3.1, page 198),
and Microcystis (Section 2.13, page 141). Some strains can release toxins into the
water, but other strains are non-toxic and sold as a health supplement.
Aphanizomenon flosaquae trichomes are straight or very slightly curved, and
usually aggregate to form distinctive, flake-like colonies. The colonies may
become so large that they are visible without magnification, resembling grass
clippings (Figure 3.40). Aphanizomenon flosaquae is morphologically diverse,
and solitary trichomes are also common, often in the same sample that contains
large, flake-like colonies.
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The vegetative cells are dark olive-green or brownish, and range from cylindrical
(width ≈ length) to elongated and tapered, especially near the end of the trichome.
But this feature is variable, depending on growing conditions (John, et al., 2011).
The cylindrical heterocysts are located near the center of the trichome (Figure
3.41). Akinetes, when present, will be cylindrical and located near the center
of the trichome, but not adjacent to the heterocysts (Figure 3.42). Decomposing
blooms often release solitary akinetes, which can be difficult to identify if the
trichomes are significantly degraded (Figures 3.43–3.44).
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Figure 3.40: Aphanizomenon flosaquae (200x DIC), Big Lake, IWS water quality
sampling site, Skagit County, August 21, 2008.
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Figure 3.41: Aphanizomenon flosaquae heterocyst (600x DIC), Sunset Pond, IWS
water quality sampling site, Whatcom County, August 19, 2009.
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Figure 3.42: Aphanizomenon flosaquae akinete (200x DIC), Sunset Pond, IWS
water quality sampling site, Whatcom County, August 19, 2009.
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Figure 3.43: Aphanizomenon flosaquae akinetes in decomposing bloom (200x
DIC), Thunderbird Lake, IWS water quality sampling site, Whatcom County,
November 17, 2010.
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Figure 3.44: Aphanizomenon flosaquae solitary akinete (200x DIC), Sunset Pond,
IWS water quality sampling site, Whatcom County, August 19, 2009.
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Calothrix Agardh ex Bornet & Flahault

Local taxa
Calothrix parietina Thuret ex Bornet & Flahault?;
Calothrix spp.
Abundance
Infrequently collected in plankton samples; moderately common in shoreline
samples and benthic mats.

min
med
max

Width
6.0 µm
8.3 µm
11.6 µm

Length
1.7 µm
2.8 µm
3.7 µm

Biovolume†
59.9 µm3
154 µm3
296 µm3

Calothrix parietina?
heterocysts (spheroid)

min
med
max

5.7 µm
7.1 µm
9.6 µm

3.7 µm
4.9 µm
6.9 µm

62.9 µm3
132 µm3
333 µm3

Calothrix sp.1
cells (cylinder)

min
med
max

5.0 µm
8.4 µm
11.8 µm

2.8 µm
3.5 µm
6.1 µm

55.0 µm3
184 µm3
667 µm3

Calothrix sp.1
heterocysts (spheroid)

min
med
max

4.8 µm
5.8 µm
6.8 µm

3.8 µm
4.5 µm
6.3 µm

47.0 µm3
76.1 µm3
153 µm3

Calothrix sp.2
cells (cylinder)

min
med
max

6.8 µm
8.9 µm
11.2 µm

3.4 µm
4.0 µm
4.9 µm

149 µm3
272 µm3
464 µm3

Local measurements
Calothrix parietina?
cells (cylinder)

min 7.5 µm
4.0 µm
118 µm3
med 13.4 µm
8.9 µm
921 µm3
max 15.4 µm
11.4 µm
1,204 µm3
†
Calculated using original measurements, not summary values.

Calothrix sp.2
heterocysts (spheroid)
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Description
Calothrix trichomes are strongly tapered, originating from a spherical, oval, or
hemispherical basal heterocyst (Figures 3.45–3.51). The trichomes are usually
unbranched, but may form false branches at a break in the trichome. The trichome
is surrounded by a distinct sheath that may be layered or smooth and is often
yellowish or brown. The trichomes may be solitary or aggregated to form dense
tufted mats attached to aquatic plants or other solid substrates. When in mats, the
trichomes are arranged more or less parallel to each other, which helps distinguish
Calothrix from spherical Gloeotrichia colonies (Section 3.9, page 293). Calothrix
resembles Dichothrix (Section 3.7, page 280), but Dichothrix is more likely to
form false branches and often has more than one trichome enclosed in a single
sheath.
Calothrix is a morphologically variable genus, containing a large number of
species with overlapping ranges and descriptions. Komárek (2013) states that
it is likely that some of the species will be transferred into different genera as
additional genetic information becomes available. Because of this, all of the local
species identifications are tentative.
The specimens in Figures 3.45–3.46 are tentatively identified as Calothrix
parietina, which is characterized by strongly tapered trichomes that end in a long,
hair-like extension and are surrounded by a thick, stratified, yellowish-brown,
sheath. The cells are much shorter than wide, except in the hair-like extension.
According to John, et al. (2011), Calothrix parietina is common in residential
(garden) ponds, and the local specimens were all collected in urban locations.
Both Calothrix sp.1 (Figures 3.47–3.49) and Calothrix sp.2 (Figures 3.50–3.51)
were epiphytic on Batrachospermum, a genus of filamentous red algae.13 Both
species of Calothrix have short, cylindrical cells that form solitary, tapered
trichomes. Calothrix sp.1 has small, spherical heterocysts and abruptly tapered
trichomes that are surrounded by a clear or yellowish brown, stratified and flared
sheath that does not extend all the way to the end of the trichome. Calothrix sp.2
trichomes taper gradually from a wide, hemispherical heterocyst, and have a thin,
colorless sheath.

13

See Freshwater Algae in Northwest Washington, Volume II. Chlorophyta and
Rhodophyta.
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Figure 3.45: Calothrix parietina? (1000x DIC), Winslow Way standing water,
Bainbridge Island, WA, July 5, 2009. Photo provided by Karl Bruun, Nostoca
Algae Laboratory, Bainbridge Island, WA.
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Figure 3.46: Calothrix parietina? (1000x DIC), White Horse Golf Course,
Kingston, WA, May 29, 2011. Photo provided by Karl Bruun, Nostoca Algae
Laboratory, Bainbridge Island, WA.
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Figure 3.47: Calothrix sp.1 (600x DIC), Upper Ashland Lake, Mt. Loop Hwy,
July 28, 2015.
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Figure 3.48: Calothrix sp.1 (600x DIC), Upper Ashland Lake, Mt. Loop Hwy,
July 28, 2015.
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Figure 3.49: Calothrix sp.1 (200x DIC), Upper Ashland Lake, Mt. Loop Hwy,
July 28, 2015.
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A
Figure 3.50: Calothrix sp.2 (400x DIC), Chambers Lake, Olympia, Thurston
County, May 27, 2015.
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Figure 3.51: Calothrix sp.2 (200x DIC), Chambers Lake, Olympia, Thurston
County, May 27, 2015.
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Cylindrospermopsis Seenayya & Subba Raju

Taxon
Cylindrospermopsis raciborskii (Woloszynska) Seenayya & Subba Raju
Abundance
Not yet collected in local lakes.
Local measurements
No local samples available.
Description
Cylindrospermopsis raciborskii is normally associated with warm, eutrophic
tropical lakes, but has been reported with increasing frequency in temperate lakes
(Komárek and Komárková, 2003). It can form toxic blooms, but it has not yet
been collected in local lakes. The specimens in Figures 3.52–3.57 are from Boyd,
Texas.
Cylindrospermopsis raciborskii cells are cylindrical, usually longer than wide,
with slightly constricted cross-walls. The trichomes are solitary, unbranched, lack
a sheath, and often have a slightly yellowish color. Heterocysts, when present, are
elliptical or conical and located at the end of the trichome. Akinetes are rarely
present. The cells contain gas vacuoles, so the trichomes are planktonic.
The trichomes exhibit a surprising amount of morphological variation, ranging
from straight with blunt ends to curved or sigmoid and distinctly tapered. (In most
algae, this amount of variation would indicate the presence of multiple species).
The strongly curved and highly tapered trichomes usually lack heterocysts.
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Figure 3.52: Cylindrospermopsis raciborskii (1000x DIC), August 13, 2011,
Boyd, Texas. Sample provided by Mark Ernst, Tarrant Regional Water District,
Fort Worth, TX; photo provided by Karl Bruun, Nostoca Algae Laboratory,
Bainbridge Island, WA.
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Figure 3.53: Cylindrospermopsis raciborskii (400x phase contrast), August
13, 2011, Boyd, Texas. Sample provided by Mark Ernst, Tarrant Regional
Water District, Fort Worth, TX; photo provided by Karl Bruun, Nostoca Algae
Laboratory, Bainbridge Island, WA.
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Figure 3.54: Cylindrospermopsis raciborskii (400x phase contrast), August
13, 2011, Boyd, Texas. Sample provided by Mark Ernst, Tarrant Regional
Water District, Fort Worth, TX; photo provided by Karl Bruun, Nostoca Algae
Laboratory, Bainbridge Island, WA.
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Figure 3.55: Cylindrospermopsis raciborskii (400x DIC), August 13, 2011, Boyd,
Texas. Sample provided by Mark Ernst, Tarrant Regional Water District, Fort
Worth, TX; photo provided by Karl Bruun, Nostoca Algae Laboratory, Bainbridge
Island, WA.
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Figure 3.56: Cylindrospermopsis raciborskii (1000x DIC), August 13, 2011,
Boyd, Texas. Sample provided by Mark Ernst, Tarrant Regional Water District,
Fort Worth, TX; photo provided by Karl Bruun, Nostoca Algae Laboratory,
Bainbridge Island, WA.
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Figure 3.57: Cylindrospermopsis raciborskii (1000x DIC), August 13, 2011,
Boyd, Texas. Sample provided by Mark Ernst, Tarrant Regional Water District,
Fort Worth, TX; photo provided by Karl Bruun, Nostoca Algae Laboratory,
Bainbridge Island, WA.
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Cylindrospermum Kützing ex Bornet &
Flahault

Local taxa
Cylindrospermum spp.
Abundance
Infrequently collected in plankton samples; moderately common in shoreline
samples and benthic mats.

min
med
max

Width
3.4 µm
4.4 µm
5.0 µm

Length
4.3 µm
6.8 µm
10.1 µm

Biovolume†
39.0 µm3
109 µm3
161 µm3

Cylindrospermum sp.1
heterocysts (spheroid)

min
med
max

4.5 µm
5.6 µm
6.7 µm

7.2 µm
8.1 µm
10.4 µm

96.9 µm3
137 µm3
195 µm3

Cylindrospermum sp.1
akinetes (cyl + two 12 spheres)‡

min
med
max

6.6 µm
8.4 µm
11.9 µm

11.0 µm
21.9 µm
31.7 µm

226 µm3
732 µm3
1,360 µm3

Cylindrospermum sp.2
cells (cylinder)

min
med
max

2.9 µm
3.0 µm
3.4 µm

3.8 µm
4.9 µm
5.6 µm

34.5 µm3
36.8 µm3
41.1 µm3

Cylindrospermum sp.2
heterocysts (spheroid)

min
med
max

3.6 µm
4.0 µm
4.7 µm

5.0 µm
5.6 µm
5.8 µm

38.0 µm3
41.9 µm3
67.1 µm3

Local measurements
Cylindrospermum sp.1
cells (cylinder)

min 7.4 µm
11.9 µm
med 8.6 µm
14.0 µm
max 10.3 µm
18.7 µm
†
Calculated using original measurements, not summary values.
‡
Biovolume based on cylinder length (< cell length).

Cylindrospermum sp.2
akinetes (spheroid)

409 µm3
536 µm3
1,020 µm3
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Description
Cylindrospermum trichomes are untapered and unbranched, originating from
a single basal heterocyst that usually has at least one adjoining akinete
(Figures 3.58–3.62). Most species form thick mats attached to underwater
surfaces, but occasionally break free and are collected in plankton samples.
Compare Cylindrospermum to Gloeotrichia (Section 3.9, page 293), which has
tapering unbranched trichomes with a basal heterocyst and forms spherical
or hemispherical colonies. The species of Cylindrospermum are extremely
polymorphic, so the taxonomic separations described below are based primarily
on habitat.
Cylindrospermum sp.1 specimens were collected in several peaty, slightly acidic,
unpolluted mountain lakes. This species is characterized by straight or slightly
curved trichomes of constricted, blue-green cells that are longer than wide
(Figures 3.58–3.61). The heterocysts range from nearly spherical (less common)
to elliptical or cylindrical (width < length). The akinetes are slightly granular, and
vary in shape and color from elliptical to narrowly cylindrical, and from greenish
yellow to brown. Although the specimens were collected in similar habitats, the
range in morphology could represent more than one species or several varieties.
Cylindrospermum sp.2 (Figure 3.62) was collected in a nutrient-rich, low elevation
lake, and is probably a different species than the specimens collected in mountain
lakes. This species is characterized by twisted, mucilaginous trichomes of small,
cylindrical cells, cylindrical heterocysts, and small, broadly oval akinetes.
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Figure 3.58: Cylindrospermum sp.1 (200x DIC), Upper Twin Lake, IWS water
quality sampling site, Whatcom County, August 11, 2015.
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Figure 3.59: Cylindrospermum sp.1 (600x DIC), Upper Twin Lake, IWS water
quality sampling site, Whatcom County, August 11, 2015.
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Figure 3.60: Cylindrospermum sp.1 (200x DIC), Picture Lake, IWS water quality
sampling site, Whatcom County, October 8, 2007.
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Figure 3.61: Cylindrospermum sp.1 (600x DIC), Myrtle Lake, IWS water quality
sampling site, Snohomish County, July 31, 2014.
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Figure 3.62: Cylindrospermum sp.2 (200x DIC), Summer Lake, IWS water
quality sampling site, Skagit County, September 14, 2009.
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Dichothrix Zanardini ex Bornet & Flahault

Local taxa
Dichothrix gypsophila Bornet et Flahault?;
Dichothrix hosfordii Bornet;
Dichothrix sp.1
Abundance
Infrequently collected in plankton samples; moderately common in shoreline
samples and benthic mats.

min
med
max

Width
7.2 µm
7.8 µm
8.5 µm

Length
4.3 µm
5.5 µm
7.0 µm

Biovolume†
190 µm3
262 µm3
334 µm3

Dichothrix gypsophila?
heterocysts (spheroid)

min
med
max

7.9 µm
8.9 µm
11.7 µm

8.6 µm
9.1 µm
9.8 µm

320 µm3
402 µm3
638 µm3

Dichothrix hosfordii
cells (cylinder)

min
med
max

11.2 µm
12.7 µm
18.7 µm

3.0 µm
4.3 µm
6.6 µm

296 µm3
620 µm3
1,430 µm3

Dichothrix hosfordii
heterocysts (spheroid)

min
med
max

16.3 µm
21.2 µm
24.9 µm

7.6 µm
14.2 µm
15.5 µm

1,060 µm3
3,360 µm3
4,740 µm3

Dichothrix sp.1
cells (cylinder)

min
med
max

6.4 µm
8.8 µm
11.4 µm

2.2 µm
2.7 µm
4.1 µm

77.2 µm3
153 µm3
329 µm3

Local measurements
Dichothrix gypsophila?
cells (cylinder)

min 5.1 µm
5.4 µm
110 µm3
med 9.6 µm
8.5 µm
431 µm3
max 11.4 µm
11.2 µm
762 µm3
†
Calculated using original measurements, not summary values.
Dichothrix sp.1
heterocysts (spheroid)
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Description
Dichothrix trichomes originate from a basal heterocyst (false branching) and
taper abruptly or gradually into long, hair-like extensions (Figures 3.63–3.70).
Repeated false branching produces multiple trichomes enclosed in a common
sheath; the sheath may be clear or yellowish-brown, and is often stratified. The
trichomes usually aggregate to form a mat attached to solid substrates. Dichothrix
closely resembles Calothrix (Section 3.4, page 257), but the Calothrix trichomes
separate immediately above the basal heterocyst of the false branch, so multiple
trichomes are not enclosed in a common sheath. Dichothrix is a morphologically
diverse genus, so most species identifications are tentative.
The specimens identified as Dichothrix gypsophila? have olive-green, barrelshaped cells with constricted cross-walls, and nearly spherical heterocysts
(Figures 3.63–3.64). The trichomes are enclosed in a stratified, yellowish-brown
sheath that is narrow near the base, then fans out in the middle of the trichome.
The morphological features of the local specimens fit descriptions for Dichothrix
gypsophila (John et al., 2011; Komárek, 2013), but the species is described as
occurring in hard-water (calcareous) habitats. The local specimens were collected
in a small, soft-water mountain lake with submerged woody debris and darkly
stained water (tannins).
Dichothrix hosfordii has gradually tapered trichomes enclosed in a thick, clear or
pale yellow, faintly stratified sheath (Figures 3.65–3.68). The cells are olive-green
or blue-green, unconstricted, and coin-like (width > length). The heterocysts are
hemispherical or bluntly conical. In addition to the absence of a dark, flared,
stratified sheath, this species has much wider cells and heterocysts that the other
taxa, fitting the species description provided by Prescott (1962).
Dichothrix sp.1 resembles the local Dichothrix gypsophila? specimens, but the
cells are coin-like (width > length), with unconstricted cross-walls, and the
heterocysts are conical or hemispherical rather than spherical (Figures 3.69–3.70).
The local specimens of Dichothrix sp.1 were collected from a small mountain lake
with a rocky shoreline and clear (unstained) water.
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Figure 3.63: Dichothrix gypsophila? (100x DIC), Pyramid Lake, North Cascades
along Hwy 20, September 5, 2012.
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Figure 3.64: Dichothrix gypsophila? (400x DIC), Pyramid Lake, North Cascades
along Hwy 20, September 5, 2012.

284

CHAPTER 3. FIL. CYANOBACTERIA WITH HETEROCYSTS

Figure 3.65: Dichothrix hosfordii (40x brightfield), Canyon Lake, IWS water
quality sampling site, Whatcom County, August 10, 2015.
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Figure 3.66: Dichothrix hosfordii (200x DIC), Canyon Lake, IWS water quality
sampling site, Whatcom County, August 10, 2015.
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Figure 3.67: Dichothrix hosfordii (600x DIC), Canyon Lake, IWS water quality
sampling site, Whatcom County, August 10, 2015.
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Figure 3.68: Dichothrix hosfordii (600x DIC), small lake north of Sultan,
Snohomish County, April 28, 2015.
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Figure 3.69: Dichothrix sp.1 (600x DIC), Coal Lake, IWS water quality sampling
site, Snohomish County, August 20, 2013.
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Figure 3.70: Dichothrix sp.1 (200x DIC), Coal Lake, IWS water quality sampling
site, Snohomish County, August 19, 2013.
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Fischerella (Bornet & Flahault) Gomont

Local taxon
Fischerella muscicola Gomont
Abundance
Infrequently collected in plankton samples; occasionally collected in shoreline
samples from mountain lakes.
Local measurements
Fischerella muscicola
cells (spheroid)

min
med
max

Width
6.0 µm
7.4 µm
10.0 µm

Length
5.7 µm
7.0 µm
9.0 µm

Biovolume†
136 µm3
205 µm3
410 µm3

min 6.7 µm
5.8 µm
162 µm3
med 7.8 µm
7.0 µm
228 µm3
max 9.3 µm
8.5 µm
331 µm3
†
Calculated using original measurements, not summary values.
Fischerella muscicola
heterocysts (spheroid)

Description
Fischerella trichomes form true lateral branches that diverge at 90◦ from the
main trichome (Figures 3.71–3.72). The cells forming the main trichome may
be uniseriate (1 cell in a row) or multiseriate (>1 cell in a row); the branches
are mostly uniseriate and slightly smaller than the main trichome. Fischerella
resembles Hapalosiphon (Section 3.10, page 301), which has similarly sized,
uniseriate main and branch trichomes; and Stigonema (Section 3.13, page 329),
which has multiseriate trichomes enclosed in thick, yellowish-brown mucilage.
Most species of Fischerella are terrestrial or found in thermal springs, but
Fischerella muscicola is associated with mosses, peaty water, and shallow ponds
(Komárek, 2013; Prescott, 1962).
Fischerella muscicola forms creeping, highly branched trichomes of blue-green,
rounded, cylindrical cells (width ≥ length). The heterocysts are approximately
spherical and form throughout the trichome, not necessarily at the base of a
branch. The trichome is surrounded by a thin, clear or yellowish sheath. All
of the local specimens were collected from a mossy, high elevation pond.
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Figure 3.71: Fischerella muscicola (600x DIC), small pond on trail to Lake Ann,
Mt. Baker area, September 21, 2014.
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Figure 3.72: Fischerella muscicola (600x DIC), small pond on trail to Lake Ann,
Mt. Baker area, September 21, 2014.
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Gloeotrichia Agardh ex Bornet & Flahault

Local taxa
Gloeotrichia echinulata Richter;
Gloeotrichia pisum Thuret ex Bornet & Flahault
Abundance
Gloeotrichia echinulata is moderately common in plankton samples; Gloeotrichia
pisum is occasionally collected as an epiphyte in shoreline samples.

min
med
max

Width
4.9 µm
5.7 µm
6.6 µm

Length
5.8 µm
6.6 µm
9.3 µm

Biovolume†
109 µm3
175 µm3
253 µm3

Gloeotrichia echinulata
heterocysts (spheroid)

min
med
max

7.6 µm
8.1 µm
9.1 µm

8.1 µm
9.4 µm
10.5 µm

283 µm3
319 µm3
451 µm3

Gloeotrichia echinulata
colonies‡

min
med
max

384.8 µm
522.4 µm
817.4 µm

–
–
–

–
–
–

Gloeotrichia pisum
cells (cylinder)

min
med
max

6.1 µm
7.5 µm
9.2 µm

5.7 µm
9.5 µm
18.8 µm

211 µm3
400 µm3
1,060 µm3

Gloeotrichia pisum
heterocysts (spheroid)

min
med
max

6.3 µm
9.6 µm
13.4 µm

5.4 µm
10.5 µm
15.6 µm

112 µm3
468 µm3
1,450 µm3

Local measurements
Gloeotrichia echinulata
cells (cylinder)

min 7.3 µm
26.9 µm
742 µm3
spheres) med 11.1 µm
50.5 µm
3,650 µm3
max 12.8 µm
79.9 µm
4,950 µm3
†
Calculated using original measurements, not summary values.
‡
Colony biovolume can be estimated using a spherical or spheroid shape.
§
Biovolume based on cylinder length (< cell length).

Gloeotrichia pisum
akinetes (cyl + two

1
2

§
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Description
Gloeotrichia forms large, dark, spherical or hemispherical colonies containing
many tapered trichomes radiating from the colony center (Figures 3.73–3.78). The
trichomes are embedded in clear, diffuse mucilage, but this feature can be difficult
to see without staining. The cells near the base of the trichome are cylindrical,
with constricted cross walls, becoming long and tapered toward the end of the
trichome. Each trichome has a single basal heterocyst that is best seen when the
colony is flattened (Figure 3.75). Akinetes develop adjacent to the basal heterocyst
in older trichomes, but this feature can be difficult to see in dense colonies.
Gloeotrichia echinulata colonies are planktonic, comprised of densely packed,
tapered trichomes radiating from a common center (Figures 3.73–3.75). The cells
at the ends of the trichomes can become very long and have a distinctive banded
appearance. Colonies are sometimes visible without magnification, looking like
tiny green or brown specks floating at the top of the water. The colonies may start
on the lake bottom, but become increasingly buoyant as the colony matures (John,
et al., 2011). Gloeotrichia echinulata is a common water quality indicator that can
form dense blooms in eutrophic lakes, often in association with Aphanizomenon
(Section 3.3, page 250), Dolichospermum (Section 3.1, page 198), and Microcystis
(Section 2.13, page 141). Some strains can release toxins into the water.
Gloeotrichia pisum is epiphytic, forming dense spherical or hemispherical
colonies composed of long, tapering trichomes that radiate from the point of
attached to aquatic plants (Figures 3.76–3.78). The vegetative cells are cylindrical
(width < length), olive-green or grayish green; the heterocysts are spherical or
oval. Both the vegetative cells and heterocysts are slightly larger than Gloeotrichia
echinulata. Gloeotrichia pisum have very distinctive, long, cylindrical heterocysts
that form adjacent to the basal heterocyst.
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Figure 3.73: Gloeotrichia echinulata (40x brightfield), Lake Campbell, IWS
water quality sampling site, Skagit County, August 15, 2007.
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Figure 3.74: Gloeotrichia echinulata (40x brightfield), Cranberry Lake, IWS
water quality sampling site, Island County, May 28, 2008.
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Figure 3.75: Gloeotrichia echinulata (400x DIC), Big Lake, IWS water quality
sampling site, Skagit County, August 21, 2008.
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Figure 3.76: Gloeotrichia pisum (100x DIC), Beaver Pond Lake, IWS water
quality sampling site, Whatcom County, May 7, 2015.
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Figure 3.77: Gloeotrichia pisum (200x DIC), Beaver Pond Lake, IWS water
quality sampling site, Whatcom County, May 7, 2015.
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Figure 3.78: Gloeotrichia pisum (600x DIC), Myrtle Lake, IWS water quality
sampling site, Snohomish County, July 22, 2015.
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Hapalosiphon Nägeli ex Bornet & Flahault

Local taxa
Hapalosiphon pumilus Kirchner ex Bornet & Flahault;
Hapalosiphon sp.1
Abundance
Infrequently collected in plankton samples; occasionally collected in shoreline
samples from mountain lakes.

min
med
max

Width
9.6 µm
13.3 µm
15.0 µm

Length
8.4 µm
15.8 µm
31.4 µm

Biovolume†
724 µm3
1,770 µm3
4,760 µm3

Hapalosiphon pumilus
heterocysts (cylinder)

min
med
max

9.3 µm
11.6 µm
14.1 µm

7.7 µm
14.0 µm
19.0 µm

746 µm3
1,480 µm3
2,050 µm3

Hapalosiphon sp.1
cells (cylinder)

min
med
max

8.0 µm
9.9 µm
11.2 µm

7.31 µm
19.3 µm
34.9 µm

706 µm3
1,270 µm3
2,960 µm3

Local measurements
Hapalosiphon pumilus
cells (cylinder)

min 8.0 µm
7.3 µm
669 µm3
med 10.2 µm
9.0 µm
808 µm3
max 11.0 µm
29.2 µm
2,030 µm3
†
Calculated using original measurements, not summary values.

Hapalosiphon sp.1
heterocysts (cylinder)

Description
Hapalosiphon trichomes form true lateral branches that diverge at 90◦ from the
main trichome (Figures 3.79–3.81). Both the main and branch trichomes are
uniseriate (1 cell per row), comprised of unconstricted, cylindrical or slightly
rounded, barrel-shaped cells surrounded by a distinct mucilage layer. Heterocysts
may be present in both the main and lateral branches. Hapalosiphon resembles
Fischerella (Section 3.8, page 290), which has rounded cells that are smaller in
the branches than in the main trichome; and Stigonema (Section 3.13, page 329),
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which has multiseriate (>1 cell per row) trichomes enclosed in thick, yellowishbrown mucilage.
Hapalosiphon pumilus is a highly variable species, with cells and heterocysts that
range from cubical (width ≈ length) to cylindrical (width < length). The cells
may have constricted or unconstricted cell walls. The trichome is surrounded by
a clear mucilage layer that turns brownish yellow in old filaments (Figures 3.79–
3.81). The best distinguishing feature is the filament width (12–25 µm), which is
wider than most other species of Hapalosiphon. This species is common in acidic
(peaty) waters in the northern temperate zone (Komárek, 2013). All of the local
specimens were collected in shoreline samples from boggy mountain lakes.
The Hapalosiphon specimens in Figures 3.82–3.84 have highly variable cells and
akinetes, ranging from cubical to very long and cylindrical. But the cell and
heterocyst widths are <11 µm, which may indicate that these are a different
species. The trichomes share several similarities with Hapalosiphon pumilus,
including the tendency of younger filaments to have a clear mucilage layer and
older filaments to have a deep yellowish-brown mucilage layer. The specimens
were collected from slightly acidic, peaty mountain lake, which matches the
habitat description for Hapalosiphon pumilus, so these narrower specimens may
just be a variation of this highly polymorphic species.
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Figure 3.79: Hapalosiphon pumilus (200x DIC), Dorothy Lake, Alpine Lakes
Wilderness Area, July 12, 2013.
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Figure 3.80: Hapalosiphon pumilus (200x DIC), Dorothy Lake, Alpine Lakes
Wilderness Area, July 12, 2013.
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Figure 3.81: Hapalosiphon pumilus (600x DIC), Dorothy Lake, Alpine Lakes
Wilderness Area, July 12, 2013.
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Figure 3.82: Hapalosiphon sp.1 (200x DIC), small pond on Yellow Aster Butte
trail, North Cascades near Mt. Baker, September 5, 2013.
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Figure 3.83: Hapalosiphon sp.1 (200x DIC), Bear Lake, IWS water quality
sampling site, Snohomish County, August 28, 2014.
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Figure 3.84: Hapalosiphon sp.1 (600x DIC), Bear Lake, IWS water quality
sampling site, Snohomish County, August 28, 2014.
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Nostoc Vaucher ex Bornet & Flahault

Local taxa
Nostoc caeruleum var. planctonicum (Poretsky & Tschernow) Whitton?;
Nostoc paludosum Kützing ex Bornet & Flahault?;
Nostoc pruniforme Agardh ex Bornet & Flahault?
Abundance
Moderately common; rarely present in large numbers, but some taxa may form
large colonies.

min
med
max

Width
4.4 µm
5.8 µm
6.3 µm

Length
4.3 µm
5.7 µm
7.9 µm

Biovolume†
43.6 µm3
101 µm3
158 µm3

Nostoc caeruleum
var. planctonicum?
heterocysts (spheroid)

min
med
max

5.3 µm
7.2 µm
8.4 µm

5.7 µm
7.8 µm
9.1 µm

83.8 µm3
207 µm3
336 µm3

Nostoc paludosum?
cells (spheroid)

min
med
max

3.5 µm
5.3 µm
6.1 µm

3.9 µm
4.7 µm
6.0 µm

25.0 µm3
71.8 µm3
115 µm3

Nostoc paludosum?
heterocysts (spheroid)

min
med
max

4.9 µm
5.9 µm
6.7 µm

5.9 µm
6.3 µm
7.6 µm

79.2µm3
113 µm3
179 µm3

Nostoc pruniforme?
cells (sphere)

min
med
max

4.9 µm
5.2 µm
5.8 µm

–
–
–

61.6 µm3
75.8 µm3
102 µm3

Local measurements
Nostoc caeruleum
var. planctonicum?
cells (spheroid)

min 5.9 µm
5.8 µm
117 µm3
med 7.0 µm
7.0 µm
176 µm3
max 8.2 µm
8.0 µm
282 µm3
†
Calculated using original measurements, not summary values.

Nostoc pruniforme?
heterocysts (spheroid)
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Description
Nostoc trichomes are comprised of spherical or bead-like cells that resemble
Anabaena and Dolichospermum cells (Section 3.1, page 198), but the trichomes
are enclosed in gelatinous or rubbery mucilage to form spherical or irregularly
shaped colonies (Figures 3.85–3.93). Nostoc is a morphologically diverse genus,
especially with respect to colony size and appearance. Most species eventually
form large, macroscopic colonies, but reproduce by creating small, microscopic
subcolonies (buds). The major diagnostic characteristics separating the species is
exceedingly difficult, so all of the identifications for local taxa are tentative.
Nostoc caeruleum var. planctonicum is a planktonic species with spherical,
microscopic (<4 mm diameter) colonies (Figures 3.85–3.88). The colonial
mucilage is firm, smooth, and colorless. The individual trichomes are not
surrounded by a visible sheath (see Nostoc paludosum description below) and the
heterocysts and vegetative cells are slightly larger than other local Nostoc taxa.
This species will key to Nostoc planctonicum in most older taxonomic keys.
Nostoc paludosum can be distinguished by the presence of a visible, yellowish
sheath around individual trichomes, the irregular shape of the colony, and
the yellowish-brown colonial mucilage (Figures 3.89–3.91). This species is
associated with acidic water (Komárek, 2013); all of the local specimens were
collected in acidic mountain lakes and ponds.
The specimens in Figures 3.92–3.93 are tentatively identified as Nostoc
pruniforme. Nostoc pruniforme colonies are macroscopic, often reaching several
centimeters in diameter, ranging from olive-green to dark brown. The trichomes
are loosely twisted and comprised of barrel-shaped vegetative cells and larger
spherical heterocysts.
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Figure 3.85: Nostoc caeruleum var. planctonicum? (100x DIC), Upper Bagley
Lake, IWS water quality sampling site, Whatcom County, August 30, 2011.
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Figure 3.86: Nostoc caeruleum var. planctonicum? (600x DIC), Upper Bagley
Lake, IWS water quality sampling site, Whatcom County, August 30, 2011.
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Figure 3.87: Nostoc caeruleum var. planctonicum? (600x DIC), Highwood Lake,
IWS water quality sampling site, Whatcom County, August 30, 2011.
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Figure 3.88: Nostoc caeruleum var. planctonicum? (400x DIC), Lower Bagley
Lake, IWS water quality sampling site, Whatcom County, September 30, 2010.
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Figure 3.89: Nostoc paludosum? (100x DIC), Upper Bagley Lake, IWS water
quality sampling site, Whatcom County, August 29, 2011.
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Figure 3.90: Nostoc paludosum? (400x DIC), Upper Bagley Lake, IWS water
quality sampling site, Whatcom County, August 29, 2011.
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Figure 3.91: Nostoc paludosum? (200x DIC), Mirror Lake, IWS water quality
sampling site, Whatcom County, August 12, 2009.
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Figure 3.92: Nostoc pruniforme? (63x brightfield), Ross Lake, Ross Lake
National Recreation Area, November 7, 2009. Macroscopic colonies are ≈1–4
cm in diameter.
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Figure 3.93: Nostoc pruniforme? (200x DIC), Ross Lake, Ross Lake National
Recreation Area, November 7, 2009.

320

3.12

CHAPTER 3. FIL. CYANOBACTERIA WITH HETEROCYSTS

Scytonema Agardh ex Bornet & Flahault

Local taxa
Scytonema spp.
Abundance
Infrequently collected in plankton samples; occasionally collected in shoreline
samples and benthic mats.

min
med
max

Width
6.9 µm
8.9 µm
11.7 µm

Length
6.0 µm
12.2 µm
20.5 µm

Biovolume†
401 µm3
688 µm3
2,200 µm3

Scytonema sp.1
heterocysts (cylinder)

min
med
max

8.3 µm
9.3 µm
10.3 µm

9.0 µm
19.3 µm
34.6 µm

487 µm3
1,200 µm3
2,340 µm3

Scytonema sp.2
cells (cylinder)

min
med
max

8.5 µm
11.0 µm
13.4 µm

4.3 µm
6.1 µm
8.5 µm

274 µm3
570 µm3
1,120 µm3

Scytonema sp.2
heterocysts (cylinder)

min
med
max

9.5 µm
12.2 µm
14.7 µm

7.0 µm
9.7 µm
12.7 µm

714 µm3
1,180 µm3
1,780 µm3

Scytonema sp.3
cells (cylinder)

min
med
max

8.7 µm
10.3 µm
11.4 µm

5.4 µm
9.6 µm
11.8 µm

336 µm3
810 µm3
1,200 µm3

Local measurements
Scytonema sp.1
cells (cylinder)

min 8.5 µm
9.8 µm
556 µm3
med 9.3 µm
12.1 µm
931 µm3
max 9.9 µm
14.5 µm
985 µm3
†
Calculated using original measurements, not summary values.
‡
Biovolume estimates based on <5 cells.
Scytonema sp.3
heterocysts (cylinder)‡
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Description
Scytonema trichomes are untapered and form false branches where the trichome
continues to grow in both directions on either side of breaks in the trichome
(Figures 3.94–3.100). The individual cells are cylindrical, blue-green, usually
granular, and may be slightly constricted at the cross-walls. The heterocysts are
described as solitary, only occasionally occurring in a series (Komárek, 2013),
but several local taxa were observed to have multiple adjacent heterocysts in the
trichome (e.g., Figures 3.96–3.97). Scytonema resembles Tolypothrix (Section
3.14, page 343), which also forms false branches, but Tolypothrix branches
originate at a heterocyst. Scytonema is a highly polymorphic genus, so species
identifications are beyond the scope of this guide.
Scytonema sp.1 has narrow trichomes (usually ≤10 µm wide) enclosed in a
moderately thick, colorless mucilage layer (Figures 3.94–3.96). The cells are
cylindrical, and range from approximately equal in length and width to much
longer than wide. The heterocysts are rounded, ranging from oval to very long
and cylindrical. The heterocysts are usually solitary, but occasionally form a series
(Figure 3.96). All of the local specimens were collected in peaty, slightly acidic
mountain lakes.
Scytonema sp.2 trichomes are slightly wider (≥10 µm) compared to Scytonema
sp.1. The individual cells are consistently shorter than their width (Figures
3.97–3.98). The heterocysts are rounded, slightly shorter than their width, and
occasionally form a series (Figure 3.97). The trichome is enclosed in a thick,
yellowish-brown mucilage layer. Most of the local specimens were collected in
peaty, slightly acidic mountain lakes.
The specimens identified as Scytonema sp.3 share some morphological features
with both of the other local Scytonema taxa, but were collected from a marshy,
low elevation lake (different habitat). The trichomes are fairly narrow (usually
≤10 µm), comprised of cylindrical cells that range from slightly shorter to slightly
longer than wide (Figures 3.99–3.100). The heterocysts are rounded and longer
than wide. The trichomes are enclosed in a thin, yellowish-brown mucilage layer.
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Figure 3.94: Scytonema sp.1 (200x DIC), Vogler Lake, IWS water quality
sampling site, Skagit County, August 26, 2013.
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Figure 3.95: Scytonema sp.1 (200x DIC), Pyramid Lake, North Cascades along
Hwy 20, September 14, 2012.
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Figure 3.96: Scytonema sp.1 (400x DIC), Pyramid Lake, North Cascades along
Hwy 20, September 14, 2012.
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Figure 3.97: Scytonema sp.2 (200x DIC), Lake Twenty-two, Mt. Loop Hwy, July
24, 2014.
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Figure 3.98: Scytonema sp.2 (200x DIC), Lake Twenty-two, Mt. Loop Hwy, July
24, 2014.
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Figure 3.99: Scytonema sp.3 (200x DIC), Beaver Pond Lake, IWS water quality
sampling site, Whatcom County, May 8, 2013.
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Figure 3.100: Scytonema sp.3 (600x DIC), Beaver Pond Lake, IWS water quality
sampling site, Whatcom County, May 8, 2013.
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Stigonema Agardh ex Bornet & Flahault

Local taxa
Stigonema mamillosum Agardh ex Bornet & Flahault;
Stigonema ocellatum Thuret ex Bornet & Flahault;
Stigonema spp.
Abundance
Infrequently collected in plankton samples; moderately common in shoreline
samples from mountain lakes and streams.

min
med
max

Width
13.8 µm
16.2 µm
26.0 µm

Length
12.4 µm
15.1 µm
21.4 µm

Biovolume†
1,510 µm3
2,000 µm3
6,300 µm3

Stigonema mamillosum
heterocysts (spheroid)

min
med
max

8.3 µm
16.2 µm
21.1 µm

5.2 µm
10.0 µm
12.3 µm

188 µm3
1,370 µm3
2,870 µm3

Stigonema ocellatum
cells (spheroid)

min
med
max

13.0 µm
17.5 µm
25.5 µm

6.9 µm
12.8 µm
19.7 µm

639 µm3
2,040 µm3
5,500 µm3

Stigonema ocellatum
heterocysts (spheroid)

min
med
max

12.9 µm
17.4 µm
24.0 µm

11.6 µm
13.3 µm
14.4 µm

1,040 µm3
2,190 µm3
3,500 µm3

Stigonema sp.1
cells (spheroid)

min
med
max

6.5 µm
10.7 µm
12.3 µm

6.5 µm
9.9 µm
12.6 µm

223 µm3
544 µm3
998 µm3

Stigonema sp.2
cells (spheroid)

min
med
max

7.0 µm
13.9 µm
15.3 µm

4.2 µm
131 µm3
5.4 µm
561 µm3
8.8 µm
968 µm3
continued on next page

Local measurements
Stigonema mamillosum
cells (spheroid)

330

CHAPTER 3. FIL. CYANOBACTERIA WITH HETEROCYSTS

Local measurements
Stigonema sp.2
heterocysts (spheroid)

Width
Length
min 10.4 µm
6.2 µm
med 14.6 µm
6.7 µm
max 15.8 µm
11.3 µm
†
Calculated using original measurements, not summary values.

Biovolume†
379 µm3
745 µm3
1,440 µm3

Description
Stigonema trichomes form dense, dark benthic mats, usually attached to rocky
or woody substrates in streams. The trichomes are twisted or coiled, highly
branched (true branching), comprised of densely packed rows of cells (Figures
3.101–3.111). The individual cells are approximately spherical, but are often
compressed by adjacent cells. The cells are embedded in a dense mucilaginous
sheath that ranges from yellowish to dark brown. The heterocysts form within the
trichome, not at the base of a false branch, but due to the dark coloration, it may
be difficult to see the trichome features.
Stigonema mamillosum cells are spherical, oval, or elliptical, and usually highly
compressed (Figures 3.101–3.103). The trichomes are repeatedly branched, with
multiple rows of cells in the main and auxiliary branches, and occasional single
rows in the short auxiliary branches. The trichome is surrounded by a thick, dense,
brown mucilage that can obscure the cell features.
Stigonema ocellatum cells are spherical, oval, or cylindrical and slightly
compressed (Figures 3.104–3.106). The trichomes often contain only one row of
cells, especially in the side branches. The filament is surrounded by a thick, clear
or yellowish mucilage, but unlike Stigonema mamillosum, the trichome features
are clearly visible.
The Stigonema sp.1 specimens in Figures 3.107–3.108 were collected in
melting snow near the Big Four Ice Caves, along with the bright red cysts of
Chlamydomonas nivalis or “watermelon snow” algae.14 The trichome sheath
is unusually thick, and the individual cells are small and highly compressed,
especially near the ends of the side branches. The specimens resemble Stigonema
mamillosum, but are probably a different species due to the unusual habitat and
other morphological differences.
14

See Freshwater Algae in Northwest Washington, Volume II. Chlorophyta and
Rhodophyta.
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Stigonema sp.2 specimens were collected from the wet rocks adjacent to a large
waterfall, mixed in with mosses and bright orange mats of Trentepohelia, a type
of semi-aquatic, filamentous green algae.15 The main axis of this species of
Stigonema forms a thick, cushion-like filament containing many rows of spherical
or slightly compressed oval cells enclosed in a firm, clear or yellowish-brown
mucilage (Figures 3.109–3.111). The lateral branches are narrow, usually with a
single rows of cells. The main branch and lateral trichomes are enclosed in clear
or orange mucilage.

15

See Freshwater Algae in Northwest Washington, Volume II. Chlorophyta and
Rhodophyta.
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Figure 3.101: Stigonema mamillosum (600x DIC), Lake Twenty-two, Mt. Loop
Hwy, May 29, 2015.
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Figure 3.102: Stigonema mamillosum (200x DIC), Silver Creek, tributary to Ross
Lake, Ross Lake National Recreation Area, September 28, 2010.
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Figure 3.103: Stigonema mamillosum (400x DIC), Silver Creek, tributary to Ross
Lake, Ross Lake National Recreation Area, September 28, 2010.
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Figure 3.104: Stigonema ocellatum (200x DIC), Myrtle Lake, IWS water quality
sampling site, Snohomish County, August 20, 2013.
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Figure 3.105: Stigonema ocellatum (200x DIC), boggy seep on trail to Lake
Anderson, North Cascades along Hwy 20, August 23, 2013.
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Figure 3.106: Stigonema ocellatum (600x DIC), Myrtle Lake, IWS water quality
sampling site, Snohomish County, July 22, 2015.
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Figure 3.107: Stigonema sp.1 (200x DIC), Big Four Ice Caves melt water sample,
Mt. Loop Hwy, July 18, 2011.
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Figure 3.108: Stigonema sp.1 (400x DIC), Big Four Ice Caves melt water sample,
Mt. Loop Hwy, July 18, 2011.
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Figure 3.109: Stigonema sp.2 (200x DIC), spray zone in waterfall near Rainy
Pass, North Cascades along Hwy 20, July 9, 2015.
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Figure 3.110: Stigonema sp.2 (600x DIC), spray zone in waterfall near Rainy
Pass, North Cascades along Hwy 20, July 9, 2015.
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Figure 3.111: Stigonema sp.2 (600x DIC), spray zone in waterfall near Rainy
Pass, North Cascades along Hwy 20, July 9, 2015.
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Tolypothrix Kützing ex Bornet & Flahault

Local taxa
Tolypothrix lanata Wartmann ex Bornet & Flahault;
Tolypothrix penicillata Thuret ex Bornet & Flahault?;
Tolypothrix tenuis Kützing ex Bornet & Flahault?
Abundance
Infrequently collected in plankton samples; moderately common in shoreline
samples and benthic mats.

min
med
max

Width
9.6 µm
11.8 µm
15.4 µm

Length
4.7 µm
7.8 µm
12.9 µm

Biovolume†
409 µm3
833 µm3
2,400 µm3

Tolypothrix lanata
heterocysts (spheroid)

min
med
max

9.1 µm
13.4 µm
15.7 µm

8.2 µm
12.1 µm
17.6 µm

399 µm3
1,250 µm3
1,890 µm3

Tolypothrix penicillata?
cells (cylinder)

min
med
max

9.6 µm
10.6 µm
15.8 µm

4.4 µm
5.3 µm
8.2 µm

362 µm3
454 µm3
1,590 µm3

Tolypothrix penicillata?
heterocysts (spheroid)

min
med
max

10.0 µm
11.7 µm
13.5 µm

10.4 µm
12.2 µm
16.5 µm

571 µm3
935 µm3
1,470 µm3

Tolypothrix tenuis?
cells (cylinder)

min
med
max

6.4 µm
7.2 µm
7.7 µm

4.6 µm
6.0 µm
8.4 µm

185 µm3
217 µm3
391 µm3

Local measurements
Tolypothrix lanata
cells (cylinder)

min 7.6 µm
9.1 µm
403 µm3
med 9.0 µm
12.2 µm
417 µm3
max 9.2 µm
13.8 µm
517 µm3
†
Calculated using original measurements, not summary values.
‡
Biovolume estimates based on <5 cells.
Tolypothrix tenuis?
heterocysts (spheroid)‡
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Description
Tolypothrix trichomes are untapered, surrounded by a distinct mucilage layer, and
form false branches where the new trichome originates from one or more basal
heterocysts (Figures 3.112–3.119). The individual cells are cylindrical, blue-green
or olive-green, and may be slightly constricted at the cross-walls. Tolypothrix
resembles Calothrix and Dichothrix (Sections 3.4 and 3.7, pages 257 and 3.7),
which can be distinguished by their distinctly tapered trichomes.
Tolypothrix lanata is characterized by highly branched, widely divergent
trichomes (Figures 3.112–3.115). The individual cells can be shorter, longer,
or equal to their width, and are unconstricted or very slightly constricted at the
cross-walls. The basal heterocyst may be solitary or form a series of 2–4 oval
or cylindrical heterocysts. The sheath is colorless or slightly yellowish, but not
darkly colored. Most of the Tolypothrix samples collected in local lakes and
their tributaries fit this general description. John et al. (2011) lists this species
as a synonym for Tolypothrix tenuis Kützing. Komárek (2013) separates the two
species based on trichome width (4–8 µm for Tolypothrix tenuis; 8–10 µm for
Tolypothrix lanata). Both species are described as polymorphic and common in
the littoral zone of soft-water lakes.
The specimens collected from Upper Bagley Lake have been tentatively identified
as Tolypothrix penicillata, which is distinguished by branches that are nearly
parallel to the main branch, and the thin, unstratified, yellow-brown sheath
(Figures 3.116–3.117). This species is described as occurring in clear streams
and mountain lakes in limestone regions (Komárek, 2013); the local specimens
were collected in a clear, soft-water mountain lake, which only fits part of the
description, so the species identification is uncertain.
Based on the trichome width distinction described above, the specimens in Figures
3.118–3.119 are listed as Tolypothrix tenuis, which resembles Tolypothrix lanata,
but has narrower trichomes. The local specimens were collected in a slightly
acidic mountain lake with extensive shoreline vegetation.
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Figure 3.112: Tolypothrix lanata (200x DIC), Cranberry Lake, IWS water quality
sampling site, Island County, August 25, 2009.
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Figure 3.113: Tolypothrix lanata (200x DIC), Myrtle Lake, IWS water quality
sampling site, Snohomish County, May 21, 2014.
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Figure 3.114: Tolypothrix lanata (200x DIC), Lake Terrell, IWS water quality
sampling site, Whatcom County, September 12, 2012.
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Figure 3.115: Tolypothrix lanata (600x DIC), Lake Terrell, IWS water quality
sampling site, Whatcom County, September 12, 2012.
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Figure 3.116: Tolypothrix penicillata? (100x DIC), Upper Bagley Lake, IWS
water quality sampling site, Whatcom County, September 16, 2010.
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Figure 3.117: Tolypothrix penicillata? (600x DIC), Upper Bagley Lake, IWS
water quality sampling site, Whatcom County, September 16, 2010.
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Figure 3.118: Tolypothrix tenuis? (200x DIC), Picture Lake, IWS water quality
sampling site, Whatcom County, October 8, 2007.
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Figure 3.119: Tolypothrix tenuis? (400x DIC), Picture Lake, IWS water quality
sampling site, Whatcom County, October 8, 2007.

