Chapter 2
Motile Chlorophyta
The key on page 16 will help identify motile Chlorophyta. For nonmotile, solitary
and colonial Chlorophyta, go to page 161; for filamentous7 Chlorophyta, go to
page 532; and for filamentous Rhodophyta, go to page 755.
Motile Chlorophyta include solitary and colonial species. Many of the species
have individual cells that resemble Chlamydomonas (Section 2.3, page 35), with
a cup-shaped or H-shaped chloroplast, a single red or orange eyespot, and either
two or four equal length flagella located near the top of the cell (anterior).
While motility is a useful taxonomic feature, it can be deceptive. The presence
of motility is unambiguous if the cell or colony moves across the slide. But
the absence of motility can indicate that the cell or colony is always nonmotile,
or is temporarily inactive due to stress, chemical inactivation, or other factors.
Chlamydomonas, for example, often enters a nonmotile palmelloid state in
response to stress or other environmental conditions. In the palmelloid state,
Chlamydomonas is virtually indistinguishable from Chlorella except for the
presence of an eyespot. Some taxa like Chlorogonium (Section 2.4, page 65),
are rarely seen moving, despite having visible flagella and an eyespot, and some
taxa like Asterococcus (Section 3.6, page 245) have eyespots, but are nevertheless
nonmotile. As a final challenge, many nonmotile Chlorophyta form motile
reproductive cells that are nearly indistinguishable from motile taxa.
7

The filamentous Chlorophyta key includes pseudofilaments (cells not actually joined
end-to-end) as long as the filamentous structure is obvious.
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Table 2.1: Key to the Motile Chlorophyta

A

B

Nonmotile cysts of snow algae; cysts bright red,
orange, or yellow-green; motile cells rare
A.1 Cysts spherical, bright red; may have ornate
corona (compare Haematococcus, page 104)

Chlamydomonas nivalis
(page 35)

A.2 Cysts oval, bright red, covered with blunt,
conical spines

Chlainomonas rubra
(page 30)

A.3 Cysts elliptical or fusiform, yellow-green or
orange; with longitudinal ridges or short spines

Chloromonas (page 74)

Solitary cells with 4 equal length flagella
B.1 Cells heart-shaped and slightly flattened

Tetraselmis (page 127)

B.2 Cells spherical, oval, teardrop-shaped, or
broadly elliptical; ±circular in cross-section

Carteria (page 19)

C

Solitary cells with 2 equal length flagella

Go to page 17

D

Motile colonies, usually with a fixed number of
cells (coenobium)

Go to page 17

E

Cells not motile, but often have gelatinous,
thread-like pseudocilia that resemble flagella; may
have eyespot (±pseudocilia); cells solitary or in
4-cell subgroups (Tetrasporales)

Asterococcus,
Tetraspora, and similar;
see key on page 161
continued on next page
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Table 2.1: Key to the Motile Chlorophyta, continued
C

Solitary cells with 2 equal length flagella
C.1 Protoplast enclosed in a rigid, oval lorica with
net-like ornamentation and an equatorial groove
(see Volumes IV–V for other taxa with loricas)

Hemitoma (page 111)
(rare!)

C.2 Protoplast completely separated from expanded,
mucilaginous cell wall
C.2a Protoplast green, not bright red

Vitreochlamys
(page 35)

C.2b Protoplast contains bright red pigment;
nonmotile red cysts usually present

Haematococcus
(page 104)

C.3 Protoplast not completely separated from cell
wall; cell wall not expanded and mucilaginous

D

C.3a Cells spherical, oval, teardrop-shaped, or
broadly elliptical; cells usually actively motile

Chlamydomonas
(page 35)

C.3b Cells fusiform or narrowly elliptical;
flagella recurved; cells often stationary

Chlorogonium
(page 65)

Motile colonies, usually with a fixed number of
cells (coenobium)
D.1 Spherical or elliptical colonies containing >128
cells; vegetative cells spherical, oval, or stellate;
daughter colonies or zygotes often contained
inside mother colony

Volvox (page 134)

continued on next page
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Table 2.1: Key to the Motile Chlorophyta, continued
D.2 Spherical or elliptical colonies containing
4–128 cells
D.2a Cells closely spaced; compressed,
wedge-shaped; colonies with 4–32 cells

Pandorina (page 115)

D.2b Cells separated, spherical or oval, not
compressed; all cells similar in size; colonies
with 8–64 cells

Eudorina (page 84)

D.2c Large and small spherical cells
partitioned into upper/lower hemispheres;
Colonies with 64–128 cells

Pleodorina (page 121)

D.3 Flat colonies of 4 or 16 cells

Gonium and
Tetrabaena (page 95)
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Carteria Diesing

Local taxa
Carteria globosa Korshikov (=Carteria pseudoglobosa Ettl);
Carteria spp.
Abundance
Infrequently collected; occasionally forms blooms.

min
med
max

Width
11.9 µm
15.9 µm
22.0 µm

Length
–
–
–

Biovolume†
882 µm3
2,080 µm3
5,580 µm3

Carteria sp.1
cells (spheroid)

min
med
max

5.5 µm
6.1 µm
6.8 µm

6.9 µm
8.1 µm
8.9 µm

111 µm3
157 µm3
216 µm3

Carteria sp.2‡
cells (spheroid)

min
med
max

–
12.0 µm
–

–
18.3 µm
–

–
1,380 µm3
–

Local measurements
Carteria globosa
cells (sphere)

min 5.3 µm
–
78 µm3
med 6.4 µm
–
137 µm3
max 7.2 µm
–
195 µm3
†
Calculated using original measurements, not summary values.
‡
Biovolume estimate based on <5 cells.

Carteria sp.3
cells (sphere)

Description
Carteria cells are solitary, spherical, oval, elliptical, or teardrop-shaped, with
four equal length apical flagella (Figures 2.1–2.9). Each cell has a cup-shaped
or H-shaped chloroplast with a single red eyespot and, often, a distinct pyrenoid.
Species identification is based on the shape and location of the pyrenoid, shape of
the chloroplast, and presence or absence of an apical knob called a papilla.
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Like Chlamydomonas (Section 2.3, page 35), Carteria cells often shed their
flagella and become stationary (palmelloid state). In addition, the cells may
undergo asexual reproduction, forming groups of 4–8 temporarily nonmotile
cells enclosed in a mucilaginous envelope. These reproductive cells resemble
nonmotile colonial Chlorophyta, but close observation may reveal eyespots or
flagella, and the cells may move inside the mucilage envelope.
Carteria globosa cells are spherical and lack an apical papilla (Figures 2.2–2.4).
The chloroplast is cup-shaped, with one large basal pyrenoid; the eyespot is small
and located in the anterior portion of the cell.8 This species seems to be the most
common type of Carteria found in local lakes.
Carteria sp.1 has tiny, tear-drop shaped cells and an apical papilla (Figures
2.5–2.6). This species has only been collected from Lake Geneva, a small,
eutrophic soft-water lake in the Stimpson Family Nature Reserve (adjacent to
Lake Whatcom).
Carteria sp.2 was collected in Lake Whatcom, and is characterized by large,
elliptical cells with a distinct apical papilla and central pyrenoid (Figure 2.7–2.8).
Despite the close proximity between the Stimpson Reserve and Lake Whatcom,
these two species of Carteria are distinctly different in both shape and size.
Carteria sp.3 resembles Carteria globosa, with spherical cells and a cup-shaped
chloroplast (Figure 2.9), but the cells are much smaller and the pyrenoid is
centrally located, not basal. This species is common in stagnant water, plant
saucers, ditches, etc., and may occasionally forms blooms with Chlamydomonas
(Section 2.3, page 35).

8

Dillard (1989a) describes the eyespot as “near-median.”
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Figure 2.1: Carteria (600x DIC), Wards Biological Supply Co., May 29, 2009.
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Figure 2.2: Carteria globosa (400x DIC), Lake Erie, IWS water quality sampling
site, Skagit County, July 7, 2010.
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Figure 2.3: Carteria globosa (600x DIC), Bug Lake, IWS water quality sampling
site, Whatcom County, August 20, 2008.
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Figure 2.4: Carteria globosa (600x DIC), Lake Armstrong, IWS water quality
sampling site, Snohomish County, July 28, 2014.
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Figure 2.5: Carteria sp.1 (600x DIC), Lake Geneva, IWS water quality sampling
site, Whatcom County, April 4, 2011.
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Figure 2.6: Carteria sp.1 (600x DIC), Lake Geneva, IWS water quality sampling
site, Whatcom County, April 2, 2011.
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Figure 2.7: Carteria sp.2 (600x DIC), Lake Whatcom, IWS water quality
sampling site, Whatcom County, September 10, 2010.
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Figure 2.8: Carteria sp.2 (600x DIC), Lake Whatcom, IWS water quality
sampling site, Whatcom County, September 22, 2014.
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Figure 2.9: Carteria sp.3 (600x DIC), standing water, Whatcom County, May 21,
2014.
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Chlainomonas H. R. Christen

Local taxon
Chlainomonas rubra (Stein & Brooke) Hoham
Abundance
Infrequently collected; common in snow samples.
Local measurements
Width
Length
Chlainomonas rubra
min 19.5 µm
27.2 µm
cysts without spines
med 36.0 µm
51.2 µm
(spheroid)
max 44.3 µm
64.4 µm
†
Calculated using original measurements, not summary values.

Biovolume†
5,420 µm3
33,800 µm3
66,200 µm3

Description
Chlainomonas rubra is a type of “snow algae” that forms bright red, oval cysts
near the surface in snow packs (Figures 2.10–2.12). The cysts are usually covered
with short, blunt spines, and may be surrounded by mucilage, but smooth-walled,
oval cysts may also be present. The cysts are common in snow samples in the
Pacific Northwest (Hoham, 1974), often staining the snow pink or red.
The large oval Chlainomonas cysts are easily distinguished from smaller,
spherical, red cysts formed by another common type of snow algae,
Chlamydomonas nivalis (see comparison in Figure 2.12). And the bright red cysts
of Chlainomonas rubra and Chlamydomonas nivalis are easily distinguished from
the yellow-green and orange snow algae cysts formed by Chloromonas brevispina
and Chloromonas nivalis (Section 2.5, page 74).
When present, the motile vegetative cells of Chlainomonas rubra should have four
equal length apical flagella and a cup-shaped chloroplast that is usually obscured
by the red pigments. The protoplast of the motile cell is usually bright red and
surrounded by clear mucilage (Figure 2.13).
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Figure 2.10: Chlainomonas rubra (600x DIC), snow sample on Lake Dorothy
trail, Alpine Lakes Wilderness Area, July 11, 2013.
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Figure 2.11: Chlainomonas rubra (200x DIC), snow sample on Lake Dorothy
trail, Alpine Lakes Wilderness Area, July 22, 2013.
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Figure 2.12: Chlainomonas rubra and Chlamydomonas nivalis (200x DIC), snow
sample on Lake Dorothy trail, Alpine Lakes Wilderness Area, July 12, 2013.
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Figure 2.13: Chlainomonas rubra motile cell (600x DIC) snow sample at Rainy
Pass, North Cascades along Hwy 20, June 18, 2014.
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Chlamydomonas Ehrenberg and Vitreochlamys
Batko

Local taxa
Chlamydomonas nivalis (Bauer) Wille;
Chlamydomonas spp.;
Vitreochlamys spp.
Abundance
Chlamydomonas is moderately common and may be present in large numbers
but rarely forms blooms; Chlamydomonas nivalis is common in snow samples;
Vitreochlamys is infrequently collected.

min
med
max

Width
5.5 µm
11.0 µm
22.6 µm

Length
7.2 µm
15.3 µm
23.9 µm

Biovolume†
119 µm3
1,050 µm3
4,870 µm3

Chlamydomonas type B
cells (sphere)

min
med
max

11.7 µm
16.5 µm
20.2 µm

–
–
–

839 µm3
2,370 µm3
4,320 µm3

Chlamydomonas type C.1
cells (spheroid)

min
med
max

6.2 µm
8.2 µm
14.2 µm

12.5 µm
15.8 µm
22.9 µm

270 µm3
570 µm3
2,420 µm3

Chlamydomonas type C.2
cells
(cyl + two 12 spheres)

min
med
max

12.0 µm
12.2 µm
12.8 µm

30.0 µm
33.2 µm
38.6 µm

1,660 µm3
2,120 µm3
2,520 µm3

Chlamydomonas type D‡
cells (spheroid)

min
med
max

7.7 µm
8.2 µm
9.1 µm

10.6 µm
335 µm3
11.1 µm
393 µm3
11.4 µm
494 µm3
continued on next page

Local measurements
Chlamydomonas type A
cells (spheroid)
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min
med
max

Width
15.6 µm
15.8 µm
15.9 µm

Length
22.8 µm
23.5 µm
24.1 µm

Biovolume†
3,020 µm3
3,040 µm3
3,070 µm3

Chlamydomonas nivalis
cysts without corona
(sphere)

min
med
max

15.9 µm
21.6 µm
26.2 µm

–
–
–

2,100 µm3
5,280 µm3
9,420 µm3

Vitreochlamys sp.1,
cells not including
mucilage (spheroid)

min
med
max

9.7 µm
10.8 µm
12.3 µm

13.7 µm
15.6 µm
16.9 µm

810 µm3
920 µm3
1,320 µm3

Vitreochlamys sp.1,
cells including mucilage
(spheroid)

min
med
max

12.9 µm
13.3 µm
14.5 µm

17.8 µm
19.4 µm
20.8 µm

1,550 µm3
1,780 µm3
2,280 µm3

Vitreochlamys sp.2
cells not including
mucilage (spheroid)

min
med
max

6.1 µm
8.1 µm
8.6 µm

8.9 µm
9.9 µm
11.7 µm

179 µm3
344 µm3
418 µm3

Vitreochlamys sp.2
cells including mucilage
(spheroid)

min
med
max

15.2 µm
18.7 µm
20.5 µm

18.5 µm
20.8 µm
23.5 µm

2,240 µm3
3,840 µm3
5,060 µm3

Vitreochlamys sp.3‡
cells not including
mucilage (spheroid)

min
med
max

13.8 µm
16.1 µm
17.4 µm

16.3 µm
18.8 µm
20.1 µm

1,630 µm3
2,550 µm3
3,190 µm3

Vitreochlamys sp.3‡
cells including mucilage
(spheroid)

min
med
max

21.0 µm
24.8 µm
25.7 µm

23.3 µm
27.1 µm
27.2 µm

5,380 µm3
8,760 µm3
9,370 µm3

Vitreochlamys?
cells not including
mucilage (spheroid)

min
med
max

10.9 µm
13.0 µm
16.0 µm

12.9 µm
802 µm3
14.0 µm
1,240 µm3
17.0 µm
2,280 µm3
continued on next page

Local measurements
Chlamydomonas type E‡
cells (spheroid)

2.3. CHLAMYDOMONAS AND VITREOCHLAMYS
Local measurements
Width
Length
Vitreochlamys?
min 16.6 µm
17.7 µm
cells including mucilage
med 19.7 µm
20.7 µm
(spheroid)
max 24.9 µm
23.0 µm
†
Calculated using original measurements, not summary values.
‡
Biovolume estimate based on <5 cells.
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Biovolume†
2,550 µm3
4,250 µm3
7,470 µm3

Description
Chlamydomonas and Vitreochlamys are very similar, and many Vitreochlamys
species have synonyms listed under Chlamydomonas. The genus Sphaerellopsis
is another synonym for Vitreochlamys. The genus revision from Sphaerellopsis
to Vitreochlamys was proposed by Batko (1970) to resolve confusion because
Sphaerellopsis is also a genus name for a type of fungus. Many taxonomic keys,
however, continue to list species under the genus Sphaerellopsis. All of the species
except Chlamydomonas nivalis (see next page) are difficult to identify correctly,
so the taxa have only be identified as morphological types.
Chlamydomonas and Vitreochlamys cells are solitary, spherical, oval, elliptical,
teardrop-shaped, or pear-shaped, with two equal length apical flagella (Figures
2.14–2.34). The cell has a cup-shaped or H-shaped chloroplast with a red
eyespot and one or more pyrenoids. Chlamydomonas protoplasts may be slightly
separated from the cell wall, but if the protoplast is completely separated or
surrounded by mucilage it is more likely to be Vitreochlamys or Haematococcus
(Section 2.8, page 104). Chlamydomonas and Vitreochlamys reproduce by
forming groups of 4–8 cells enclosed in a mucilaginous envelope (e.g., Figure
2.15). These reproductive cells may resemble nonmotile colonial Chlorophyta,
but close observation will reveal eyespots or flagella, and the cells may move
inside the mucilage envelope.
Chlamydomonas and Vitreochlamys often shed their flagella and become
stationary in response to stress, which makes the cells difficult to distinguish
from Chlorella (Section 3.9, page 282) and other types of nonmotile Chlorophyta.
Another example of loss of motility can be seen in Figures 2.33–2.34. The
Chlamydomonas cells in these figures have flagella, but were immobilized by
toxins from Microcystis, a type of Cyanobacteria.9 Kearns and Hunter (2001)
reported similar inactivation of Chlamydomonas from Anabaena toxins.
9

See Freshwater Algae in Northwest Washington, Volume I. Cyanobacteria.
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Chlamydomonas type A has small oval cells with very long flagella (Figures 2.14–
2.16). This taxon is extremely common in nutrient rich temporary ponds and
stagnant water, occasionally forming blooms. Chlamydomonas type B is common
in moderately productive low elevation lakes and is characterized by large,
spherical cells with a prominent eyespot (Figures 2.17–2.18). Chlamydomonas
type C has long, elliptical or cylindrical cells, and was subdivided based on size,
habitat, and pyrenoid features: Type C.1 cells are smaller, with a prominent central
pyrenoid, and were collected in low elevation lakes (Figures 2.19–2.20); Type C.2
cells are larger and more cylindrical, with multiple pyrenoids, and were collected
in boggy, high elevation lakes (Figures 2.21–2.22). Chlamydomonas type D,
which was collected at a single location (small boggy lake), is characterized by
small, pear-shaped cells with a rectangular apical papilla (Figure 2.23). Another
uncommon taxon, Chlamydomonas type E, has bluntly pointed cells that are
slightly separated from the cell wall (Figure 2.24).
Both Vitreochlamys sp.1 and sp.2 have oval or tear-drop shaped protoplasts that
contain massive chloroplasts that fill most of the cell (Figures 2.25–2.27). The
primary distinction between these two taxa is the protoplast size and the shape
of the mucilage surrounding the protoplast. The Vitreochlamys sp.1 protoplast is
larger, and the mucilage surrounding the protoplast is more narrow and elliptical,
relative to Vitreochlamys sp.2. Vitreochlamys sp.2 protoplasts are considerably
smaller, but are surrounded by a wide, oval mucilage layer. Vitreochlamys sp.3
protoplasts are relatively large and nearly spherical, with a bluntly pointed apex,
and massive chloroplast. The protoplasts are surrounded by a spherical mucilage
layer (Figures 2.28–2.29). The specimens in Figures 2.30–2.32 are tentatively
identified as a species of Vitreochlamys. The protoplasts are oval or tear-drop
shaped, and are surrounded by a nearly spherical, slightly irregular mucilage
layer. But the small, anterior chloroplast does not resemble any of the other local
Vitreochlamys species.
Chlamydomonas nivalis is a type of snow algae that forms bright red, spherical
cysts in snow packs (Figures 2.35–2.39). Chlamydomonas nivalis cysts are quite
variable in size and shape (Figure 2.36), with some of the cysts surrounded
by ornate cell wall extensions (Figure 2.37). Motile cells are rare, but will be
teardrop-shaped, with two equal flagella and no apical papilla. Chlamydomonas
nivalis cysts resemble the spiny, oval cysts of Chlainomonas (see comparison in
Figure 2.12, page 33), but are easily distinguished from yellow-green and orange
Chloromonas cysts (Figure 2.39; Section 2.5, page 74).
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Figure 2.14: Chlamydomonas type A (600x DIC), Wiser Lake, IWS water quality
sampling site, Whatcom County, June 30, 2011.
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Figure 2.15: Chlamydomonas type A cells stained with methylene blue (200x
DIC), Lake Whatcom, IWS water quality sampling site, Whatcom County,
September 5, 2013.
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Figure 2.16: Chlamydomonas type A (400x phase contrast), stagnant water in
plant saucer, May 20, 2011.
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Figure 2.17: Chlamydomonas type B (600x DIC), Lake Whatcom, IWS water
quality sampling site, Whatcom County, October 5, 2011.
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Figure 2.18: Chlamydomonas type B (600x DIC), Lake Padden, IWS water
quality sampling site, Whatcom County, June 12, 2008.

44

CHAPTER 2. MOTILE CHLOROPHYTA

Figure 2.19: Chlamydomonas type C.1 (600x DIC), Lake McMurray, IWS water
quality sampling site, Skagit County, August 21, 2008.
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Figure 2.20: Chlamydomonas type C.1 (200x DIC), Lake Whatcom, IWS water
quality sampling site, Whatcom County, October 12, 2010.
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Figure 2.21: Chlamydomonas type C.2 (600x DIC), Lake Evan, IWS water quality
sampling site, Snohomish County, July 23, 2015.
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Figure 2.22: Chlamydomonas type C.2 (600x DIC), Lake Evan, IWS water quality
sampling site, Snohomish County, July 23, 2015.
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Figure 2.23: Chlamydomonas type D (600x DIC), Canyon Lake, IWS water
quality sampling site, Whatcom County, August 28, 2008.
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Figure 2.24: Chlamydomonas type E (600x DIC), Terrell Creek, Whatcom
County, April 11, 2014.
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Figure 2.25: Vitreochlamys sp.1 (600x DIC), Crabapple Lake, IWS water quality
sampling site, Snohomish County, July 11, 2013.
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Figure 2.26: Vitreochlamys sp.1 (600x DIC), Crabapple Lake, IWS water quality
sampling site, Snohomish County, July 11, 2013.
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Figure 2.27: Vitreochlamys sp.2 (600x DIC), Canyon Lake, IWS water quality
sampling site, Whatcom County, August 26, 2014.
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Figure 2.28: Vitreochlamys sp.3 (600x DIC), small pond on trail to Lake
Anderson, North Cascades along Hwy 20, August 23, 2013.
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Figure 2.29: Vitreochlamys sp.3 (600x DIC), small lake near Yellow Aster Butte,
North Cascades near Mt. Baker, September 3, 2013.
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Figure 2.30: Vitreochlamys? (600x DIC), small pond near Artist Point Ridge trail,
Mt. Baker area, June 29, 2015.
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Figure 2.31: Vitreochlamys? (600x DIC), small pond near Artist Point ridge trail,
Mt. Baker area, June 29, 2015.
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Figure 2.32: Vitreochlamys? (600x DIC), small pond near Artist Point Ridge trail,
Mt. Baker area, June 29, 2015.
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Figure 2.33: Inactivated Chlamydomonas around Microcystis colony (200x DIC),
Lone Lake, IWS water quality sampling site, Island County, July 18, 2011.
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Figure 2.34: Inactivated Chlamydomonas around Microcystis colony (600x DIC),
Lone Lake, IWS water quality sampling site, Island County, July 18, 2011.
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Figure 2.35: Chlamydomonas nivalis (200x DIC), snow sample near Triplet
Lakes, Chelan County, July 29, 2011.
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Figure 2.36: Chlamydomonas nivalis (200x DIC), Big Four Ice Caves snow
sample, Mt. Loop Hwy, July 18, 2011.
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Figure 2.37: Chlamydomonas nivalis (400x DIC), Big Four Ice Caves snow
sample, Mt. Loop Hwy, July 18, 2011.
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Figure 2.38: Chlamydomonas nivalis (200x DIC), snow sample near Foggy Lake
(Gothic Basin), Mt. Loop Hwy, August 26, 2013.
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Figure 2.39: Chlamydomonas nivalis with other snow algae (200x DIC), snow
sample near Cutthroat Lake, North Cascades along Hwy 20, June 18, 2014.
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Chlorogonium Ehrenberg

Local taxa
Chlorogonium spp.
Abundance
Moderately common, but easily overlooked.
Local measurements
Chlorogonium sp.1
cells (spheroid)

min
med
max

Width
1.9 µm
3.2 µm
3.8 µm

Length
7.7 µm
9.0 µm
9.8 µm

Biovolume†
14.7 µm3
50.0 µm3
72.6 µm3

min 3.5 µm
7.0 µm
58.4 µm3
med 4.4 µm
8.6 µm
85.0 µm3
max 5.3 µm
11.4 µm
157 µm3
†
Calculated using original measurements, not summary values.

Chlorogonium sp.2
cells (spheroid)

Description
Chlorogonium cells are solitary and oval, elliptical, or fusiform. The cells have
two equal length apical flagella and a prominent eyespot (Figures 2.40–2.47).
Although Chlorogonium cells have two flagella and an eyespot, the cells are
usually stationary and often embedded in the mucilage of other algae. Olrik
(1998) reports that Chlorogonium can be mixotrophic, and Dillard (pers. comm.,
2010) confirmed that Chlorogonium is often associated with desmid mucilage.
There appear to be at least two distinctive local species that are common in
plankton samples. Chlorogonium sp.1 has tiny, inconspicuous, elliptical cells,
with strongly recurved flagella (Figures 2.40–2.43). The cells are almost always
stationary, usually associated with the mucilage layer surrounding desmids and
other algae. Chlorogonium sp.2 cells are oval or broadly elliptical, with slightly
recurved flagella (Figures 2.44–2.47). The cells are occasionally solitary and
planktonic, but are more likely to be associated with the mucilage layer of other
algae like Synura or Mallomonas.10
10

See Freshwater Algae in Northwest Washington, Volume IV. Chrysophyceae,
Xanthophyceae, and Haptophyta.
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Figure 2.40: Chlorogonium sp.1 associated with Cosmocladium (600x DIC), Goss
Lake, IWS water quality sampling site, Island County, October 6, 2009.

2.4. CHLOROGONIUM

67

Figure 2.41: Chlorogonium sp.1 in Cosmocladium mucilage stained with
methylene blue (600x DIC), Lake Martha, IWS water quality sampling site,
Snohomish County, June 22, 2010.
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Figure 2.42: Chlorogonium sp.1 associated with Chroococcus (200x DIC), Lake
Martha, IWS water quality sampling site, Snohomish County, June 21, 2010.
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Figure 2.43: Chlorogonium sp.1 associated with Uroglena (200x DIC), Tennant
Lake, IWS water quality sampling site, Whatcom County, July 29, 2013.
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Figure 2.44: Chlorogonium sp.2 (600x DIC), Lake Whatcom, IWS water quality
sampling site, Whatcom County, November 2, 2011.
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Figure 2.45: Chlorogonium sp.2 (600x DIC), Lake Whatcom, IWS water quality
sampling site, Whatcom County, October 5, 2011.
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Figure 2.46: Chlorogonium sp.2 associated with Synura (600x DIC), Lake
Geneva, IWS water quality sampling site, Whatcom County, July 12, 2011.
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Figure 2.47: Chlorogonium sp.2 associated with Synura (600x DIC), Lake Terrell,
IWS water quality sampling site, Whatcom County, March 30, 2012.
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Chloromonas Gobi

Local taxa
Chloromonas brevispina (F. E. Fritsch) Hoham, S. Roemer & Mullet;
Chloromonas nivalis (Chodat) Hoham & Mullet
Abundance
Infrequently collected; common in snow samples.
Local measurements
Chloromonas brevispina
cysts (spheroid)

min
med
max

Width
8.4 µm
12.2 µm
14.4 µm

Length
16.6 µm
20.5 µm
29.1 µm

Biovolume†
613 µm3
1,560 µm3
3,160 µm3

min 16.5 µm
27.6 µm
4,030 µm3
med 19.5 µm
38.5 µm
7,470 µm3
max 21.3 µm
43.4 µm
9,410 µm3
†
Calculated using original measurements, not summary values.

Chloromonas nivalis
cysts (spheroid)

Description
The vegetative cells of Chloromonas resemble Chlamydomonas, with two equal
length apical flagella, a cup-shaped chloroplast, and a prominent eyespot. Both
of the local species are snow algae, so the taxa are usually collected in the form
of nonmotile cysts (Figures 2.48–2.55). The cysts are extremely diverse in size,
shape, and color, which resulted in misclassifications by early taxonomist, who
assigned multiple species names for different stages of cyst development (Hoham,
et al., 1979). The cells store oil and may not stain dark purple or brown in Lugol’s
iodine solution.
Chloromonas brevispina cysts are elliptical, with bluntly rounded ends, and are
covered with short, knobby spines (Figures 2.48–2.49). Yellow-green chloroplasts
may be visible in the immature cysts, but the chloroplasts become obscured by
red pigments as the cyst develops. The mature cysts are easily distinguished
from other snow algae by their smaller size, yellow-green or orange color, and
distinctive spines.
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Chloromonas nivalis cysts are oval, elliptical or fusiform, depending on the stage
of development (Figures 2.49–2.55). The immature cysts are oval or broadly
elliptical and yellow-green. Mature cysts are fusiform, with distinctive ribs
running the length of the cell. The yellow-green color becomes obscured by red
pigments, especially near the poles. The mature cysts are easily distinguished
from other snow algae by their fusiform shape, orange color, and distinctive
longitudinal ribs.
The cysts of Chloromonas brevispina and Chloromonas nivalis lack the intense,
bright red color that characterizes cysts of Chlamydomonas nivalis (Section 2.3,
page 35; see comparison in Figure 2.55), and Chlainomonas rubra (Section 2.2,
page 30).
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Figure 2.48: Chloromonas brevispina mature cyst (600x DIC), snow sample on
Lake Dorothy trail, Alpine Lakes Wilderness Area, July 22, 2013.
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Figure 2.49: Chloromonas brevispina and Chloromonas nivalis (200x DIC), snow
sample on Lake Dorothy trail, Alpine Lakes Wilderness Area, July 12, 2013.
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Figure 2.50: Chloromonas nivalis immature cysts (200x DIC), snow sample on
Railroad Grade trail (Park Butte), North Cascades near Mt. Baker, September 6,
2011.
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Figure 2.51: Chloromonas nivalis immature cysts (600x DIC), snow sample on
Railroad Grade trail (Park Butte), North Cascades near Mt. Baker, September 6,
2011.
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Figure 2.52: Chloromonas nivalis cysts (600x DIC), snow sample on Railroad
Grade trail (Park Butte), North Cascades near Mt. Baker, September 6, 2011.
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Figure 2.53: Chloromonas nivalis mature cyst (600x DIC), snow sample on
Railroad Grade trail (Park Butte), North Cascades near Mt. Baker, September 6,
2011.
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Figure 2.54: Chloromonas nivalis cysts (200x DIC), snow sample on Railroad
Grade trail (Park Butte), North Cascades near Mt. Baker, August 2, 2015.
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Figure 2.55: Chlamydomonas nivalis and Chloromonas nivalis (600x DIC), snow
sample on Railroad Grade trail (Park Butte), North Cascades near Mt. Baker,
September 6, 2011.
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Eudorina Ehrenberg

Local taxa
Eudorina elegans Ehrenberg;
Eudorina unicocca G. M. Smith
Abundance
Eudorina elegans is moderately common and may be present in large numbers but
rarely forms blooms; Eudorina unicocca is infrequently collected.

min
med
max

Width
11.1 µm
16.4 µm
24.0 µm

Length
12.4 µm
17.9 µm
24.0 µm

Biovolume†
800 µm3
2,510 µm3
7,240 µm3

Eudorina elegans
colonies‡

min
med
max

59.8 µm
73.9 µm
106.3 µm

61.2 µm
78.7 µm
130.9 µm

–
–
–

Eudorina unicocca
cells (spheroid)

min
med
max

7.3 µm
8.6 µm
10.8 µm

8.1 µm
8.9 µm
12.0 µm

239 µm3
341 µm3
706 µm3

Local measurements
Eudorina elegans
cells (spheroid)

min 43.5 µm
48.1 µm
–
med 64.4 µm
69.6 µm
–
max 82.6 µm
83.5 µm
–
†
Calculated using original measurements, not summary values.
‡
Colony biovolume can estimated using a spherical or spheroid shape.
Eudorina unicocca
colonies‡

Description
Eudorina cells are spherical, oval, or slightly compressed, but not wedge-shaped
(compare to Pandorina in Section 2.10, page 115). The cells are grouped in
spherical, elliptical, or cylindrical colonies that contain 8–64 cells (usually 16–
32). The colony is surrounded by a firm, clear, colonial mucilage (Figures 2.56–
2.64). Each cell has a large, cup-shaped chloroplast, a reddish anterior eyespot,
and two equal length flagella that emerge from the colonial mucilage through
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visible channels (Figure 2.57). Asexual reproduction is common, with each cell
dividing to form daughter colonies of tightly packed cells inside the old mother
colony (Figures 2.59–2.61). The daughter colonies briefly resemble Pandorina
colonies, but the cells begin separating shortly after division. The new daughter
colonies disperse as the mother colony mucilage breaks down. New daughter
colonies are easily recognized by their small size (Figure 2.58).
The most common species is Eudorina elegans (Figures 2.56–2.61), which is
characterized by spherical or broadly elliptical colonies containing 16–32 cells
surrounded by a firm, smooth mucilage layer. The individual cells are spherical or
slightly compressed, but not wedge-shaped. Each cell has a massive chloroplast
with 1–5 pyrenoids that are often inconspicuous. The colony in Figure 2.62
is probably also Eudorina elegans, but the cells have a single, large pyrenoid,
which is atypical for the species. But this colony was collected during a bloom of
Eudorina elegans in Lake Terrell, so it is likely that the large pyrenoids are just
part of the morphological variability of this extremely common species.
Eudorina unicocca has much smaller cells compared to Eudorina elegans. The
cells have a large, cup-shaped chloroplast that contains a single, large, basal
pyrenoid (Figures 2.63–2.64). The colonial mucilage layer is wide, homogeneous,
and often has a wavy posterior edge. One of the most distinctive features is the
large, red eyespot found in cells on the anterior side of the colony. Cells located
on the opposite end of the colony either lack an eyespot or have a very small,
inconspicuous stigma (see description by Yamada, et al., 2008)
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Figure 2.56: Eudorina elegans (400x DIC), Lake Terrell, IWS water quality
sampling site, Whatcom County, March 30, 2012.
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Figure 2.57: Eudorina elegans (600x DIC), Cranberry Lake, IWS water quality
sampling site, Island County, September 1, 2008.
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Figure 2.58: Eudorina elegans bloom (200x DIC), Lake Terrell, IWS water
quality sampling site, Whatcom County, April 8, 2014.
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Figure 2.59: Eudorina elegans reproduction (200x DIC), Cranberry Lake, IWS
water quality sampling site, Island County, September 1, 2008.
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Figure 2.60: Eudorina elegans reproduction (200x DIC), Lake Howard, IWS
water quality sampling site, Snohomish County, September 22, 2009.

2.6. EUDORINA

91

Figure 2.61: Eudorina elegans reproduction (400x DIC), Lake Sixteen, IWS water
quality sampling site, Skagit County, September 11, 2012.
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Figure 2.62: Eudorina elegans? (600x DIC), Lake Terrell, IWS water quality
sampling site, Whatcom County, April 24, 2015.
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Figure 2.63: Eudorina unicocca (600x DIC), Grandy Lake, IWS water quality
sampling site, Skagit County, August 7, 2013.
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Figure 2.64: Eudorina unicocca (600x DIC), Grandy Lake, IWS water quality
sampling site, Skagit County, August 6, 2013.
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Gonium O. F. Müller and Tetrabaena
(F. Dujardin) E. Fromentel

Local taxa
Gonium pectorale O. F. Müller;
Tetrabaena socialis (Dujardin) H. Nozaki & M. Itoh
(=Gonium sociale [Dujardin] Warming)
Abundance
Infrequently collected.

min
med
max

Width
6.2 µm
11.9 µm
14.3 µm

Length
7.6 µm
14.8 µm
18.5 µm

Biovolume†
153 µm3
1,140 µm3
1,870 µm3

Gonium pectorale
colonies‡

min
med
max

34.5 µm
55.0 µm
69.5 µm

37.1 µm
59.5 µm
72.4 µm

–
–
–

Tetrabaena socialis
cells (spheroid)

min
med
max

6.2 µm
7.2 µm
8.1 µm

7.9 µm
9.6 µm
10.7 µm

169 µm3
264 µm3
361 µm3

Local measurements
Gonium pectorale
cells (spheroid)

min 14.9 µm
16.7 µm
–
med 16.8 µm
18.0 µm
–
max 18.7 µm
19.3 µm
–
†
Calculated using original measurements, not summary values.
‡
Colony biovolume can estimated using a rectangular box or elliptical
prism shape.

Tetrabaena socialis
colonies‡

Description
Gonium pectorale colonies are flat, forming a square or rhomboidal plate, which
makes this species distinctive and easy to identify (Figures 2.65–2.68). The
colony contains 16 cells, with 4 interior cells and 12 exterior cells. The individual
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cells are spherical, oval, broadly elliptical, or pear-shaped, with two equal length
flagella that are directed away from the colony center. The cells contain a cupshaped chloroplast, an anterior eyespot, and are surrounded by a mucilage layer
that forms net-like strands between the cells.
Asexual reproduction is common, with each cell dividing to form flat daughter
colonies inside the old mother colony (Figures 2.67). Gonium pectorale colonies
usually contain 16 cells, but 4-cell colonies may also be present (Figure 2.68). The
4-cell Gonium pectorale colonies can be distinguished from 4-celled Tetrabaena
socialis colonies by the net-like mucilage and flagella that are directed away from
the colony center.
Tetrabaena socialis colonies are tiny, consisting of four pear-shaped cells
connected to each other by a thin, nearly invisible, mucilage strand (Figures 2.69–
2.71). Each cell has a cup-shaped chloroplast, an apical eyespot, and a small apical
knob (papilla). The cells are arranged cross-wise in the colony (like bowling
pins) so that the flagella are directed upward from the colony surface. Tetrabaena
socialis is listed as Gonium sociale in most older taxonomic keys.
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Figure 2.65: Gonium pectorale (600x DIC), Toad Lake, IWS water quality
sampling site, Whatcom County, March 27, 2012.
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Figure 2.66: Gonium pectorale (600x DIC), Squalicum Lake, IWS water quality
sampling site, Whatcom County, May 20, 2011.
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Figure 2.67: Gonium pectorale reproducing (400x DIC), Lake Terrell, IWS water
quality sampling site, Whatcom County, March 30, 2012.
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Figure 2.68: Gonium pectorale (600x DIC), Wiser Lake, IWS water quality
sampling site, Whatcom County, March 30, 2012.
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Figure 2.69: Tetrabaena socialis (600x DIC), Lake Geneva, IWS water quality
sampling site, Whatcom County, April 18, 2011.
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Figure 2.70: Tetrabaena socialis (600x DIC), Wiser Lake, IWS water quality
sampling site, Whatcom County, March 29, 2012.
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Figure 2.71: Tetrabaena socialis (600x DIC), Wiser Lake, IWS water quality
sampling site, Whatcom County, March 29, 2012.
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Haematococcus Flotow

Local taxon
Haematococcus pluvialis Flotow
Abundance
Moderately common in standing water; occasionally forms blooms in fountains,
bird baths, and other shallow containers.
Local measurements
Haematococcus pluvialis
cells not including
mucilage (spheroid)
Haematococcus pluvialis
cells including mucilage
(spheroid)

min
med
max

Width
12.7 µm
16.8 µm
28.5 µm

Length
16.1 µm
21.7 µm
40.4 µm

Biovolume†
1,360 µm3
3,270 µm3
17,200 µm3

min
med
max

21.0 µm
26.5 µm
43.4 µm

24.2 µm
29.8 µm
50.1 µm

5,590 µm3
11,000 µm3
49,400 µm3

min 15.1 µm
–
1,800 µm3
med 18.7 µm
–
3,420 µm3
max 27.4 µm
–
10,800 µm3
†
Calculated using original measurements, not summary values.
Haematococcus pluvialis
cysts (sphere)

Description
Haematococcus pluvialis is a common “bird bath” species that accumulates
red pigment to protect the cell from excess light (Figures 2.72–2.76). The
bright red cysts look similar to the cysts of Chlamydomonas nivalis (Section
2.3, page 35), but Haematococcus is not common in snow samples. Instead,
it is found in outdoor fountains, isolated rocky pools, water troughs, buckets
containing standing water, and other types of standing water and temporary ponds.
Haematococcus cells also resemble Vitreochlamys (Section 2.3, page 35), which
will be green, not bright red.
The motile vegetative cells are spherical or broadly elliptical, consisting of a pearshaped protoplast inside a thick, clear mucilage (Figures 2.72–2.73). Very fine
protoplasmic strands extend from the protoplast outward through the mucilage.
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The cell has two equal length flagella that emerge through visible channels in
the mucilage. The chloroplast is large, and may be bright green in some cells,
but more often shows at least some accumulation of red pigment. The nonmotile
cysts are spherical and bright red (Figures 2.74–2.76). Massive accumulations of
the cysts may color the sides of the fountain, trough, or pond blood-red.
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Figure 2.72: Haematococcus pluvialis motile vegetative cell (600x DIC), stagnant
water in plant saucer, May 20, 2011.
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Figure 2.73: Haematococcus pluvialis motile vegetative cell (600x DIC), stagnant
water in plant saucer, May 20, 2011.
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Figure 2.74: Haematococcus pluvialis nonmotile cysts (600x DIC), stagnant water
in bucket, Whatcom County, May 23, 2011.
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Figure 2.75: Haematococcus pluvialis nonmotile cysts (600x DIC), standing
water, Whatcom County, April 20, 2012.
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Figure 2.76: Haematococcus pluvialis motile cell emerging from cyst (600x DIC),
standing water, Whatcom County, April 20, 2012.
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Hemitoma Skuja

Local taxon
Hemitoma meandrocystis Skuja
Abundance
Infrequently collected.
Local measurements
Hemitoma meandrocystis
cells (spheroid)

Width
Length
min 13.4 µm
14.4 µm
med 14.0 µm
15.5 µm
max 15.6 µm
18.4 µm
†
Calculated using original measurements, not summary values.

Biovolume†
1,390 µm3
1,530 µm3
2,340 µm3

Description
Hemitoma meandrocystis is a very unusual Chlorophyta species. The solitary
motile cells are enclosed inside a pale yellow-brown lorica (Figures 2.77–2.79).11
Although the protoplast is sometimes difficult to see through the lorica, it has
a cup-shaped chloroplast, an apical eyespot, and two equal length flagella. The
lorica is spherical or oval, and is covered with a fine, net-like reticulation. The
most distinctive feature is that the lorica is split into two equal hemispheres,
divided at the equator or mid-section of the cell (Figures 2.77–2.78).
Hemitoma cells resemble Trachelomonas (Euglenophyta), which are common
in Lake Geneva, the only location where Hemitoma has been collected.
Trachelomonas cells are solitary, motile by means of a single flagellum, and
consist of a bright green protoplast inside an rigid, yellow, orange, or brown lorica.
The Trachelomonas lorica may be smooth or ornamented with granules, warts,
net-like reticulation, and spines, but will not have a central groove indicating
hemispherical separation.

11

A lorica is a rigid cell covering the protoplast of the cell. The lorica is not as firmly attached to
the protoplast, so the protoplast can emerge from the lorica and swim away. Most loricate algae
are either Chrysophyta or Euglenophyta (see Freshwater Algae in Northwest Washington,
Volume IV. Chrysophyceae, Xanthophyceae, and Haptophyta and Freshwater Algae in
Northwest Washington, Volume V. Cryptophyta, Dinophyta, and Euglenophyta.
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Figure 2.77: Hemitoma meandrocystis (600x DIC), Lake Geneva, IWS water
quality sampling site, Whatcom County, April 18, 2011.
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Figure 2.78: Hemitoma meandrocystis (600x DIC), Lake Geneva, IWS water
quality sampling site, Whatcom County, April 18, 2011.
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Figure 2.79: Hemitoma meandrocystis (600x DIC), Lake Geneva, IWS water
quality sampling site, Whatcom County, April 18, 2011.
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Pandorina Bory

Local taxon
Pandorina morum (O. F. Müller) Bory
Abundance
Moderately common; may be present in large numbers but rarely forms blooms.
Local measurements
Pandorina morum
cells (spheroid)

min
med
max

Width
7.2 µm
13.3 µm
28.9 µm

Length
8.0 µm
12.6 µm
27.4 µm

Biovolume†
232 µm3
1,170 µm3
12,000 µm3

min 22.5 µm
24.5 µm
–
med 35.1 µm
39.6 µm
–
max 80.9 µm
81.3 µm
–
†
Calculated using original measurements, not summary values.
‡
Colony biovolume can estimated using a spherical or spheroid shape.
Pandorina morum
colonies‡

Description
Pandorina morum colonies are spherical or broadly elliptical, and contain 4–
32 tightly packed, wedge-shaped cells surrounded by a firm colonial mucilage
(Figures 2.80–2.84). Each cell has two equal flagella, a cup-shaped chloroplast,
and an anterior eyespot. The individual cells are difficult to measure accurately,
so biovolume calculations are often estimated using the entire colony.
Pandorina morum colonies briefly resemble asexually reproducing Eudorina
daughter colonies (compare Figures 2.60 and 2.84). The resemblance is shortlived. Eudorina daughter cells separate quickly, so even small daughter colonies
quickly lose their similarity to Pandorina. Pandorina cells remain wedge-shaped
and tightly packed, regardless of colony size and age.
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Figure 2.80: Pandorina morum (600x DIC), Squalicum Lake, IWS water quality
sampling site, Whatcom County, March 30, 2012.
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Figure 2.81: Pandorina morum (600x DIC), Squalicum Lake, IWS water quality
sampling site, Whatcom County, April 24, 2009.
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Figure 2.82: Pandorina morum (600x DIC), Heart Lake, IWS water quality
sampling site, Skagit County, August 15, 2007.
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Figure 2.83: Pandorina morum (400x phase contrast), Wards Biological Supply
Co., May 29, 2009.
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Figure 2.84: Pandorina morum (200x DIC), Lake Terrell, IWS water quality
sampling site, Whatcom County, August 21, 2008.
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Pleodorina W. Shaw

Local taxon
Pleodorina californica W. Shaw
Abundance
Infrequently collected.
Local measurements
Pleodorina californica
vegetative cells (sphere)

Pleodorina californica
reproductive cells (sphere)

min
med
max

Width
10.6 µm
13.0 µm
14.6 µm

Length
–
–
–

Biovolume†
624 µm3
1,150 µm3
1,630 µm3

min
med
max

15.8 µm
26.8 µm
33.5 µm

–
–
–

2,070 µm3
10,400 µm3
19,700 µm3

min 274.5 µm
–
–
med 341.8 µm
–
–
max 378.2 µm
–
–
†
Calculated using original measurements, not summary values.
‡
Colony biovolume can estimated using a spherical shape.
Pleodorina californica
colonies‡

Description
Pleodorina californica colonies are spherical or slightly elliptical and contain
64–128 spherical cells embedded in a firm colonial matrix (Figures 2.85–2.89).
The colony is divided into hemispheres that contain approximately equal numbers
of small vegetative cells and large reproductive cells. Each cell has two equal
length flagella, a dense, cup-shaped chloroplast, and a red eyespot. The eyespot is
much larger and more distinct in the vegetative cells than in the reproductive cells
(Figures 2.88–2.89).
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Figure 2.85: Pleodorina californica (100x DIC), Lone Lake, IWS water quality
sampling site, Island County, July 22, 2013.
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Figure 2.86: Pleodorina californica (100x DIC), Lake Terrell, IWS water quality
sampling site, Whatcom County, August 1, 2009.
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Figure 2.87: Pleodorina californica (100x DIC), Lake Terrell, IWS water quality
sampling site, Whatcom County, August 21, 2008.
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Figure 2.88: Pleodorina californica (200x DIC), Lake Terrell, IWS water quality
sampling site, Whatcom County, August 21, 2008.
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Figure 2.89: Pleodorina californica (400x DIC), Lone Lake, IWS water quality
sampling site, Island County, July 22, 2013.
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Tetraselmis F. Stein

Local taxon
Tetraselmis cordiformis (H.J. Carter) Stein
Abundance
Infrequently collected.
Width
Length
Biovolume†
min 8.9 µm
12.7 µm
317 µm3
med 11.6 µm
15.7 µm
636 µm3
max 14.1 µm
17.7 µm
1,010 µm3
†
Calculated using original measurements, not summary values.
‡
Cell depth was estimated as 0.56 × cell width based on John, et al. (2011).

Local measurements
Tetraselmis cordiformis‡
cells (ellipsoid)

Description
Tetraselmis cordiformis cells are solitary, oval or heart-shaped, with a slight apical
indentation (Figures 2.90–2.95). The cells contain a cup-shaped chloroplast, a
large basal pyrenoid, and a distinct eyespot. Tetraselmis cells have four equal
length flagella, which distinguishes them from Chlamydomonas, and are slightly
flattened, which distinguishes them from Carteria. Some species of Tetraselmis
form nonmotile, thick-walled cysts (Figures 2.94–2.95). The cell wall in this
genus is covered with tiny scales, but this feature is rarely visible using light
microscopy.
AlgaeBase describes Tetraselmis cordiformis as a marine species, but John, et
al. (2011) and Wehr, et al. (2015) describe it as a freshwater species. Some of the
local Tetraselmis samples were collected from Thunderbird Lake and Kwan Lake,
which are adjacent to Birch Bay, WA (marine) and have slightly brackish water.
But other samples were collected from Ross Lake, which is located in the North
Cascades and is not brackish.
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Figure 2.90: Tetraselmis cordiformis (600x DIC), Thunderbird Lake, IWS water
quality sampling site, Whatcom County, September 16, 2010.
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Figure 2.91: Tetraselmis cordiformis (600x DIC), Kwan Lake, IWS water quality
sampling site, Whatcom County, August 24, 2009.
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Figure 2.92: Tetraselmis cordiformis (400x phase contrast), Kwan Lake, IWS
water quality sampling site, Whatcom County, August 24, 2009.
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Figure 2.93: Tetraselmis cordiformis (600x DIC), Ross Lake, Ross Lake National
Recreation Area, May 6, 2013.
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Figure 2.94: Tetraselmis cordiformis (400x phase contrast), Kwan Lake, IWS
water quality sampling site, Whatcom County, August 24, 2009.
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Figure 2.95: Tetraselmis cordiformis cysts (600x DIC), Ross Lake, Ross Lake
National Recreation Area, May 6, 2013.
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Volvox Linnaeus

Local taxa
Volvox aureus Ehrenberg;
Volvox globator Linnaeus;
Volvox tertius A. Meyer
Abundance
Moderately common; may be present in large numbers but rarely forms blooms.

min
med
max

Width
5.0 µm
7.0 µm
9.4 µm

Length
–
–
–

Biovolume†
65.4 µm3
183 µm3
435 µm3

Volvox aureus
zygotes (sphere)

min
med
max

17.4 µm
25.1 µm
27.2 µm

–
–
–

2,760 µm3
8,230 µm3
10,500 µm3

Volvox aureus
colonies‡

min
med
max

165.5 µm
386.4 µm
636.4 µm

173.9 µm
396.1 µm
668.6 µm

–
–
–

Volvox globator
cells (sphere)

min
med
max

4.0 µm
7.3 µm
8.7 µm

–
–
–

33.5 µm3
204 µm3
345 µm3

Volvox globator
zygotes (sphere)

min
med
max

34.1 µm
43.4 µm
54.5 µm

–
–
–

20,800 µm3
42,700 µm3
84,800 µm3

Volvox globator
colonies‡

min
med
max

270.0 µm
386.4 µm
638.8 µm

272.7 µm
–
394.8 µm
–
667.0 µm
–
continued on next page

Local measurements
Volvox aureus
cells (sphere)
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Local measurements
Volvox tertius
cells (sphere)

Volvox tertius
zygotes (sphere)
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min
med
max

Width
4.8 µm
6.7 µm
9.1 µm

Length
–
–
–

Biovolume†
57.9 µm3
157 µm3
395 µm3

min
med
max

43.6 µm
49.6 µm
56.1 µm

–
–
–

43,400 µm3
63,900 µm3
92,400 µm3

min 184.0 µm
194.7 µm
–
med 217.1 µm
230.2 µm
–
max 428.3 µm
445.6 µm
–
†
Calculated using original measurements, not summary values.
‡
Colony biovolume can estimated using a spherical or spheroid shape.
Volvox tertius
colonies‡

Description
Volvox colonies are large, with >100 cells (>15,000 in some species) arranged
in a uniform layer around the outer margin of a hollow mucilaginous sphere.
The individual cells may be spherical, broadly elliptical, pear-shaped, or stellate.
Each cell has two equal flagella, a cup-shaped or irregular chloroplast containing
one or more pyrenoids, and a red eyespot. The cells are separated from each
other, but may be connected by protoplasmic strands. Like most Chlorophyta,
Volvox reproduces asexually, producing cloned daughter colonies, and sexually,
producing thick-walled zygotes.
Species identification can be difficult because the cells and colonies are quite
variable in size and shape. Important taxonomic features like cell shape and the
presence of protoplasmic threads may change as the colony ages, and reproductive
features like zygotes may not be present when you examine the colony. To verify
species identifications, try to examine more than one colony and look for examples
at different stages of development. It may help to measure the colony size and
estimate the number of cells in the colony. John, et al. (2011) provide a simple
formula for estimating cell numbers based on the colony radius (r) and average
cell-to-cell distance (a):
Cell estimate : = 15 ×

r2
a2
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Volvox aureus colonies are slightly elliptical and contain approximately 500–3500
cells (Figures 2.96–2.97). The cells are interconnected by very fine protoplasmic
threads that are about the width of one flagellum (Figure 2.98). Staining with
methylene blue will reveal that the mucilage surrounding each cell is confluent
with neighboring cells (Figure 2.99). This is an important distinguishing feature
because most other local species of Volvox have a separate mucilage layer
surrounding each cell. Colonies may contain 4–12 immature daughter colonies,
most of which are located in one hemisphere of the mother colony (Figures 2.96
and 2.100–2.101). The zygotes are smooth and spherical. Immature zygotes are
green (Figure 2.102); the mature zygotes turn orange.
Volvox globator colonies are slightly elliptical and may contain >10,000 (Figure
2.103); however, local specimens often contained fewer cells (1300–5000). The
cells are connected by thick protoplasmic strands that are thicker than one
flagellum (Figures 2.104–2.107). The individual cells are stellate when viewed
from the surface of the colony and flattened or teardrop-shaped with viewed from
the side (Figure 2.106). Each cell is surrounded by a separate (zoned) mucilage
that is clearly visible when the colony is stained with methylene blue (Figure
2.107). Zygotes, when present, are nearly spherical and are covered with straight,
blunt spines (Figures 2.108–2.110). Immature zygotes are green; the mature
zygotes turn orange.
Volvox tertius colonies are slightly elliptical and contain approximately 500–2000
cells (Figures 2.111–2.112). This species can be difficult to identify because some
of the features change as the colony ages. According to Smith (1944), the cells
do not have protoplasmic connections. John, et al. (2011) state that only young or
small colonies have protoplasmic strands. The local specimens usually had faint
protoplasmic connections between some, but not all, of the cells. The strands
were more visible in samples stained with methylene blue (Figure 2.113). Each
cell is surrounded by a distinct, zoned mucilage layer that looks polygonal when
stained (Figures 2.113–2.114). Zygotes, when present, are nearly spherical and
smooth (Figure 2.115). Parasitic rotifers are occasionally found inside Volvox
tertius colonies (and other species of Volvox), where they slowly consume the
Volvox cells (Figure 2.116).
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Figure 2.96: Volvox aureus (100x DIC), Lake Sixteen, IWS water quality
sampling site, Skagit County, September 14, 2009.
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Cell estimate = 15 ×

1802
= 1, 500
182

Figure 2.97: Volvox aureus cell estimate (200x DIC), Grandy Lake, IWS water
quality sampling site, Skagit County, September 9, 2009.
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Figure 2.98: Volvox aureus (600x DIC), Wiser Lake, IWS water quality sampling
site, Whatcom County, May 5, 2009.
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Figure 2.99: Volvox aureus stained with methylene blue (400x DIC), Beaver Lake,
IWS water quality sampling site, Skagit County, September 16, 2009.
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Figure 2.100: Volvox aureus (100x DIC), Wiser Lake, IWS water quality sampling
site, Whatcom County, May 5, 2009.
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Figure 2.101: Volvox aureus (400x DIC), Wiser Lake, IWS water quality sampling
site, Whatcom County, May 5, 2009.
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Figure 2.102: Volvox aureus zygotes (400x DIC), Beaver Lake, IWS water quality
sampling site, Skagit County, September 16, 2009.
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Cell estimate = 15 ×

2102
= 10, 336
82

Figure 2.103: Volvox globator cell estimate (100x DIC), Vogler Lake, IWS water
quality sampling site, Skagit County, September 9, 2009.
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Figure 2.104: Volvox globator (600x DIC), Vogler Lake, IWS water quality
sampling site, Skagit County, September 9, 2009.

146

CHAPTER 2. MOTILE CHLOROPHYTA

Figure 2.105: Volvox globator (600x DIC), Lake Campbell (Winthrop area),
eastern Washington, June 19, 2014.
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Figure 2.106: Volvox globator (400x DIC), Tennant Lake, IWS water quality
sampling site, Whatcom County, August 16, 2007.
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Figure 2.107: Volvox globator stained with methylene blue (200x DIC), Lake
Terrell, IWS water quality sampling site, Whatcom County, August 1, 2009.
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Figure 2.108: Volvox globator (100x DIC), Lake Terrell, IWS water quality
sampling site, Whatcom County, June 17, 2009.
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Figure 2.109: Volvox globator zygotes (400x DIC), Lake Terrell, IWS water
quality sampling site, Whatcom County, June 17, 2009.
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Figure 2.110: Volvox globator zygotes (600x DIC), Lake Campbell (Winthrop
area), eastern Washington, June 19, 2014.
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Figure 2.111: Volvox tertius bloom (100x DIC), Lone Lake, IWS water quality
sampling site, Island County, October 1, 2009.
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Cell estimate = 15 ×

1002
= 1, 042
122

Figure 2.112: Volvox tertius cell estimate (200x DIC), Lone Lake, IWS water
quality sampling site, Island County, September 30, 2009.
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Figure 2.113: Volvox tertius stained with methylene blue (200x DIC), Reed Lake,
IWS water quality sampling site, Whatcom County, September 17, 2009.

2.13. VOLVOX

155

Figure 2.114: Volvox tertius stained with methylene blue (200x DIC), Lake
Terrell, IWS water quality sampling site, Whatcom County, August 1, 2009.
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Figure 2.115: Volvox tertius zygotes (200x DIC), Lone Lake, IWS water quality
sampling site, Island County, October 1, 2009.
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Figure 2.116: Volvox tertius with parasitic rotifer (200x DIC), Lake Terrell, IWS
water quality sampling site, Whatcom County, August 13, 2008.
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