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Biology__________________________________________________
Description
The algae described in this chapter are a diverse and heterogeneous collection of photosynthetic protists that vary from simple, tiny unicells—members of the so-called
picoplankton such as Nannochloropsis—to macroscopic species that form mats in
lakes, streams, and reservoirs. The most conspicuous forms are filamentous and colonize lake sediments, rocks in rapidly flowing streams, and mud banks along drainage
ditches. They include well-known taxa such as the xanthophyte species Vaucheria and
Tribonema, and the crust-forming phaeophyte Heribaudiella. At least one species is
conspicuous as a symbiont in green sponges (Frost et al. 1997), while others, such as
Botrydium, form colonies on damp soil. Many species though are microscopic, unicellular, or colonial organisms that live in planktonic or sessile aquatic habitats and are
reported infrequently from few localities.
All of these organisms possess the photosynthetic pigment chlorophyll-a, and
most also have chlorophyll-c, (but lack chlorophyll-b), plus b-carotene and various xanthophylls. The result is that many species appear pale green, yellow-green, golden, or
brownish in color, rather than grass green, when viewed in a microscope. The motile
cells (or motile stages) are biflagellate and heterokont (unequal), having one long tinsel
flagellum (with tubular hairs) directed forward and a shorter, smooth flagellum that is
directed backward. Further details of their reproduction, as well as flagellar, plastid,
and general cellular ultrastructure are described elsewhere (van den Hoek et al. 1995,
Graham and Wilcox 2000, Ott and Oldham-Ott 2003).

Taxonomy and Classification
The freshwater taxa considered here have traditionally been classified as members of
the Xanthophyta or yellow-green algae, and in the Phaeophyta or brown algae. Current
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Table 12-1 Diagnostic characteristics of freshwater algae distinguishing the four main classes
from the Xanthophyta and Phaeophyta
Raphidophyceae

Eustigmatophyceae

Tribophyceae

Phaeophyceae

Common
morphologies

Unicell, flagellate

Unicell, coccoid

Unicells
Colonies
Filaments

Filaments
Crusts

Flagellar
insertion

1 or 2, apical

1 or 2, apical

2, apical

2, lateral

Primary
pigments

Chlorophyll a, c1, c2

Chlorophyll a

Chlorophyll a, c1, c2

Chlorophyll a, c1,
c2, c3

Color of cells or
thalli

Yellow-green or
yellow-brown

Yellow-green

Yellow-green or
green

Brown

Major accessory
pigments

b-Carotene
Diatoxanthin
Diadinoxanthin
Vaucheriaxanthin

b-Carotene
Violaxanthin
Vaucheriaxanthin

b-Carotene
Vaucheriaxanthin
Heteroxanthin
Diatoxanthin
Diadinoxanthin

Fucoxanthin
Violaxanthin

Chloroplasts

Ellipsoid: yellowgreen

Parietal or discoid:
yellow-green

Discoid: green or
yellow-green

Discoid, parietal, or
elongate: brown

Main storage
products

Chrysolaminarin?

Chrysolaminarin

Chrysolaminarin

Laminarin

Cell wall

None (naked)

Composition uncertain

Cellulose

Alginic acid cellulose
polysaccharides

No. of genera*

≈5

≈8

≈ 100

6

No. of species*

≈ 10

Unknown

≈ 600

≈7

Gonyostomum
Vacuolaria

Chlorobotrys
Nannochloropsis
Pseudocharaciopsis

Botridium
Characiopsis
Ophiocytium
Tribonema
Vaucheria

Heribaudiella
Pleurocladia
Ectocarpus†

Common genera

* Freshwater taxa only.
† Common in estuarine and tidal habitats, rare in freshwater.

ultrastructural and molecular data, however, indicate that species from these groups
belong to a much larger division, termed the Heterokontophyta (van den Hoek et al.
1995) or Ochrophyta (Graham and Wilcox 2000), whose unifying features include chloroplasts with four surrounding membranes, thylakoids in stacks of three, heterokont
flagella in motile stages, and a particular suite of photosynthetic pigments (Sheath
and Wehr 2003). Classes within the division are distinguished mainly by pigments,
cellular morphology, and ultrastructure (Table 12-1), although molecular data have
caused some taxa to be placed in other groups, and in some cases into new groups.
Interestingly, some marine taxa in the same group have different compliments of pigments and cellular forms yet are clearly united based on rDNA evidence (Graham and
Wilcox 2000). Current classification schemes now place traditional xanthophyte taxa
into three classes: the Tribophyceae (Xanthophyceae), Eustigmatophyceae, and Raphidophyceae (van den Hoek et al. 1995, Ott and and Oldham-Ott 2003). There are some
lesser-known classes not considered here, including the Phaeothamniophyceae (Bailey
et al. 1998).
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Figure 12-1 Tribonema species: (A) Tribonema affine, with two parietal chloroplasts; (B) Tribonema
vulgare, with multiple discoid chloroplasts
B

A

2 mm
1 mm

Figure 12-2 Botrydium cf. granulatum (A) macroscopic view of coenocytic vesicles in soil; (B)
single vesicle with rhizoids (Courtesy of Malcolm Storey www.bioimages.org.uk)
Greatest freshwater diversity, in terms of species and morphology, is observed
within the Tribophyceae, which include flagellates, amoeboid, palmelloid (spreading
aggregations), coccoid (unicells and colonies; nonmotile; lack flagella), filamentous
(unbranched and branched), and siphonous (without crosswalls) forms of cellular
organization. These organisms have been classified into at least seven orders and 24
families (Ettl 1978, Ott and Oldham-Ott 2003). Some of the smaller forms, especially
unicells and colonies, have morphologies that closely parallel species from other algal
groups (especially in Chlorophyta and Chrysophyta), making their identification challenging (Rhodes and Stofan 1967, Ott and Oldham-Ott 2003). The presence of oil droplets and the absence of starch (using IKI stain) as a storage product usually allow
individuals to distinguish these organisms from true green algae. The larger forms are
simple filaments (e.g., Tribonema, Figure 12-1), coenocytic vesicles (e.g., Botrydium,
Figure 12-2), or siphonous filaments (e.g., Vaucheria, Figure 12-3). Vaucheria, commonly known as “water felt,” produces large and distinctive oogonia and antheridia
(Figures 12-3B, 12-3C), and these structures are required for identification to species.
Members of the Raphidophyceae are flagellates, some of which are relatively large
(20 to 80 mm in length) and distinguished by a long, forward-directed “hairy” flagellum (+ mastigonemes) and a finer, smooth trailing flagellum (shorter and sometimes
obscure), both inserted in an apical groove termed a gullet (Starmach 1974, Graham
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Figure 12-3 Vaucheria species: (A) vegetative filaments from a rocky stream; (B) V. sessilis
reproductive structures (Courtesy of Donald Ott); (C) V. cf. geminata showing five oogonia and
curled antheridia (Courtesy of Robert Andersen)
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Figure 12-4 Pleurocladia lacustris, showing branching filaments
A

B

C
10 μm

10 μm
25 mm

Figure 12-5 Heribaudiella fluviatilis: (A) macroscopic view of crusts on rocks from a creek; (B)
microscopic view of prostrate (horizontal) crust of filaments; (C) microscopic view of vertical series
of filaments with unilocular sporangium at arrow
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and Wilcox 2000). This arrangement causes raphidophytes to swim in short bursts.
Cells often have spine- or rodlike trichocysts and a contractile vacuole. They have in
past decades been classified in several different groups (e.g., Chlorophyta; Whitford
and Schumacher 1984), but pigment, molecular, and ultrastructural data clearly indicate they are members of the ochrophytes (Chapman and Haxo 1966, Graham and Wilcox 2000). Cells appear yellow-greenish or brownish-green depending on the relative
amounts of chlorophyll-a and xanthophylls.
Algae in the Eustigmatophyceae are represented by about eight genera (in one
order; Eustigmatales) whose vegetative cells are mainly coccoid unicells or colonies
(Table 12-1), and whose shape may be spherical, ovoid, or various irregular or geometric forms. Many resemble coccoid members of the Chlorophyta (Chlorococcales) but
appear paler yellow-green and lack starch as a storage product. For example, commonly observed freshwater green sponges may contain either the coccoid green alga
Chlorella (in Spongilla lacustris) or similar coccoid eustigmatophytes (in Corvomeyenia everetii) as symbionts; each are abundant within sponge tissues and critical to
the sponge energy budget (Frost et al. 1997). Eustigmatophytes differ from the other
xanthophytes in having only chlorophyll-a and violaxanthin as its primary (lightharvesting) xanthophyll. Motile cells (zooids) have either one or two flagella, and possess a distinctive orange-red eyespot, hence the name for the group.
With the exception of a few freshwater taxa, nearly all of the roughly 2,000 known
species in 265 genera of brown algae (Phaeophyceae) occur in marine or estuarine environments (Wehr 2003). Freshwater species are based on a filamentous habit but differ
in their gross morphology from simple (Ectocarpus) to branched (Pleurocladia, Figure
12-4), to multiaxial (Sphacelaria) filaments, and crustose (Heribaudiella, Figure 12-5)
forms. They are classified as members of two or three orders (Ectocarpales, Sphacelariales, Ralfsiales), although molecular data suggest Heribaudiella perhaps belongs in
its own order (McCauley and Wehr 2007). Pigments are similar to other members of
the Ochrophyta and appear brown or golden-brown both macro- and microscopically.
Cells may possess multiple discoid or ribbonlike chloroplasts, and motile cells have the
two unequal flagella inserted laterally, rather than apically. Phaeophycean life cycles
may have several growth forms with heteromorphic morphologies; in freshwater species these stages appear to be isomorphic. Among the freshwater species, meristematic
growth can be apical (Heribaudiella), intercalary (Ectocarpus), or basal (Pleurocladia)
(McCauley and Wehr 2007). Many species accumulate physodes in their cells, which
store tannins (presumed antiherbivore function), causing collected material to become
dark brown or blackish upon drying.

Ecology__________________________________________________
Occurrence and Distribution
The diversity of freshwater yellow-green algae is large, but their biology, ecology,
and biogeography are known for only a few of the more common taxa. Among the
Raphidophyceae, the best known species is Gonyostomum semen (Figure 12-6), a large
flagellate often reported from dystrophic (high humic content) lakes, Sphagnum bogs,
and other low-pH waters (Ott and Oldham-Ott 2003). This alga occasionally produces
surface blooms, especially during the summer months (Le Cohu et al. 1989, Findlay
et al. 2005). The aggregation of cells near the water surface in these instances is a
common phenomenon, although abundances may be greater at dawn than midday
(Drouet and Cohen 1935). Other species of Gonyostomum and Merotrichia capitata
are reported less frequently, but apparently also occur in acidic or dystrophic environments (Whitford and Schumacher 1984). Vacuolaria virescens is widely reported but
rarely in abundance, although Spencer (1971) observed surface blooms of this species

276

Algae: Source to Treatment
A

B

50 μm

20 μm

Figure 12-6 Gonyostomum semen (A) from a bloom collected via plankton net (Courtesy of
Donald Ott); (B) close-up of a single cell and forward flagellum (Courtesy of Janet R. Stein-Taylor)
in one small circumneutral pond (pH 7.1–7.2) in early spring, just as surface ice was
melting, but observed very few cells during summer. Other researchers have collected
Vacuolaria spp. from dystrophic ponds and bogs at other times of the year (Ott and
Oldham-Ott 2003). Given the apparent preference of raphidophytes and at least some
eustigmatophytes to dystrophic or acidic lakes and ponds, their biogeography may be
localized in boreal biomes or other regions where Sphagnum bogs or acidic lakes are
common. Kato (1991) reported that most populations of Gonyostomum, Merotrichia,
and Vacuolaria in Japan occurred in localities where pH levels were low. Stein and
Borden (1978) report similar patterns in British Columbia.
Current knowledge of the occurrence and ecology of members of the Eustigmatophyceae is fragmentary, largely owing to difficulties and confusion in their identification. Data come mainly from general surveys and species checklists, and suggest that
these organisms occur mainly in planktonic, metaphytic, and epiphytic habitats in
dystrophic lakes and ponds, as well as in soils (Ott and Oldham-Ott 2003). However,
few taxa have received rigorous ecological study. That these taxa have thus far been
reported mainly from dystrophic and mesotrophic waters may be the result of limited
sampling effort or taxonomic confusion with morphologically similar forms. Characidiopsis ellipsoidea was recoded an epibiont on several common crustacean zooplankton species (Daphnia longispina and cyclopoid copepods) in one eutrophic lake, and
its abundance was inversely proportional to that of the common euglenoid epibiont
Colacium vesiculosum (Dubovskaya et al. 2005). Given its widespread habitat, this
eustigmatophyte may have a worldwide distribution. Densities up to 5.7 × 106 cells
mL–1 have been recorded for Nannochloropsis limnetica in one hypereutrophic lake in
Germany (Krienitz et al. 2000). It is noteworthy that this report was also a first record
for this alga (i.e., a new species). An inland marine Nannochloropsis species (2–5 mm
diameter) is reported to produce persistent blooms (mean 4.8 × 105 cells mL–1) over
most of the year in shallow, nutrient-poor coastal lagoons in Northern Italy (Andreoli
et al. 1999). Its close resemblance to the green alga Chlorella or Nannochloris using
light microscopy was resolved using high-performance liquid chromatology (HPLC)
pigment analyses and 18S rRNA gene sequences. The need for such methods suggests
that broader knowledge of eustigmatophyte ecology and biogeography may be slow to
develop.
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10 μm

Figure 12-7 Chlorobotrys sp., a coccoid member of the Eustigmatophyceae (Courtesy of Janet R.
Stein-Taylor)
More data exist on the distribution and ecology of members of the Tribophyceae, with 101 genera now reported (Ott and Oldham-Ott 2003). Knowledge is perhaps most extensive for the filamentous coenocytic genus Vaucheria. This benthic alga
is reported from a variety of freshwater and brackish habitats worldwide, and often
on sediments where it binds mud and helps retain drifting particles in lotic environments (Round 1981). There are perhaps 55 species of Vaucheria, most of which are
regarded as cosmopolitan. Of 25 species identified from SE Australia (Entwisle 1988),
24 had been recorded from other continents, while one was named a new species. Many
other reports list Vaucheria spp. (Stein and Borden 1978, Ott and Oldham-Ott 2003),
perhaps owing to investigators not taking the steps needed to produce reproductive
structures to allow species identification (Schneider et al. 1999). Vaucheria can be a
prominent macroalga on rocks in streams (Holmes and Whitton 1977), in metaphyton
of lakes and ponds, and on wetland and riparian soils (Schneider et al. 1999). On soils,
propagules can be spread by earthworms (Schneider and McDevit 2002).
Species of Tribonema are also well represented in the freshwater algal flora (Ott
and Oldham-Ott 2003) and are often observed tangled among submersed vegetation
and other filamentous species. Floras list between 15 and 30 species of Tribonema
(Starmach 1968, Ettl 1978), although regional studies typically report fewer (Prescott
1962, Whitford and Schumacher 1984). The unbranched filaments are rarely part of
the true phytoplankton in freshwaters but can become dislodged and form tychoplanktonic mats on the surface of lakes. Species of this genus are reported from cool,
softwater streams (Webber 1963, Sheath and Cole 1992, Vinocur and Pizarro 1995,
Sheath et al. 1996, Sheath and Müller 1997), as well as in arctic and Antarctic ponds
(Prescott and Vinyard 1965, Sheath and Steinman 1981). In the latter habitats, Tribonema may be accompanied by other xanthophytes such as Characiopsis, Chlorobotrys
(Figure 12-7), Ophiocytium, and Mischococcus. Planktonic tribophytes, mostly unicells
and small colonies, are not widely reported from riverine environments. However,
Goniochloris spp., Tetraedriella jovetii, and Pseudostaurastum lobulatum have been
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reported to occur in greater abundances in one large river system during the limnophase, when discharge was reduced and slackwater environments enabled a buildup
of phytoplankton species (de Domitrovic 2003).
The distribution of freshwater phaeophytes has been studied for nearly a century,
perhaps because so few species of brown algae occur in freshwaters and due to questions
about their probable marine origins (Israelson 1938, Holmes and Whitton 1975, Wehr
and Stein 1985). The crustose alga Heribaudiella fluviatilis colonizes rocks in streams
and in some wave-swept lakes (Wehr 2003). Its abundance is sufficient to be regarded
as a macrophyte in some streams and rivers (Holmes and Whitton 1977). Its known
geographic extent appears to be disjunct, with many populations in Europe, Japan,
China, and western North America, but none known from the southern hemisphere.
One other well-known taxon is the filamentous species Pleurocladia lacustris, which
has been reported primarily from calcareous lakes and rivers, from disjunct localities
in western and central Europe, western and north-central United States, and arctic
Canada (Wehr 2003). A rare and possibly endemic species, Sphacelaria lacustris, is
known globally only from one location, western Lake Michigan (Schloesser and Blum
1980). The National Oceanic and Atmospheric Administration’s Great Lakes Aquatic
Nonindigenous Species Information System (www.glerl.noaa.gov/res/Programs/ncrais/
glansis.html), however, lists S. lacustris as a nonnative species. Such reports underline the need for better biogeographic and ecological studies. The lack of records of
freshwater phaeophytes from certain regions may be the result of fewer studies from
those areas (rather than true disjunction), although ecological conditions may prevent
their presence in some regions.

Growth Conditions
Many of the freshwater species the Xanthophyta and Phaeophyta have not been isolated into unialgal culture, so that most data come from field studies. The observation
that the flagellate Gonyostomum may aggregate near the surface of ponds, and more
so at dawn than midday (Drouet and Cohen 1935), has led some to speculate that light
plays a critical role in the growth or behavior of this flagellate. Findlay et al. (2005)
examined possible factors triggering blooms of G. semen in one boreal, dystrophic lake
and concluded that the blooms that developed required low irradiance (<100 mmolphotons m–2 sec–1) and elevated total dissolved phosphorus (>30 mg L–1) and DOC
(>1,000 mmol L–1; a cause of reduced light penetration). They also observed an inverse
correlation with densities of Daphnia rosea, but concluded that multiple factors likely
regulate Gonyostomum abundance. Field data (Kato 1991) and laboratory culture
studies (Heywood 1973) together support the contention that growth of this and other
raphidophytes is greater under low pH. Optimum growth of G. semen in defined media
was greatest between pH 5.5 and 5.8 (with supplemental CO2), while growth of V.
virescens was optimized using a medium supplemented with peat extract at pH 6.0–6.2
(Heywood 1973). While blooms may be triggered by nutrient pulses, these phenomena
are likely limited to moderately acidic systems.
Few data exist on factors affecting the growth of eustigmatophytes, although distribution records suggest that low pH and elevated levels of dissolved organic matter apparently favor their growth (Ott and Oldham-Ott 2003). Some species produce
substantial quantities of essential fatty acids (EFAs), which in turn are required by
aquatic consumers (Volkman et al. 1999). One study demonstrated that P limitation
results in significant declines in EFA synthesis as well as growth rate of the eustigmatophyte Monodus subterraneus (Khozin-Goldberg and Cohen 2006).
Of the Tribophyceae, populations of Vaucheria occur over perhaps the broadest range of ecological conditions, and studies to date suggest that many individual
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species also have fairly broad tolerances. Growth and reproduction of several species of Vaucheria is favored in long-day (>12 hours of light) and moderate (15°–20°C)
temperatures (Entwisle 1988, Schneider et al. 1999), although interspecies have
been observed (Entwisle 1988, Ott and Oldham-Ott 2003). Vaucheria is regarded as
a weed in drainage and irrigation ditches during warmer months (Fowler 1977). In
such systems, Vaucheria growth is enhanced, along with Cladophora, Spirogyra, and
Oedogonium (Chlorophyta) by elevated nutrients (esp. N and P) that prevail in these
systems (Dowidar and Robson 1972, Simons 1994). Certain species may succeed in
irrigation waters through tolerance to salinity (Khoja 1993). Increased nutrient inputs
are blamed for the expansion of mats of Vaucheria spp. in Florida springs, along with
the noxious cyanobacterium Lyngbya wollei (Pinowska et al. 2005); data suggest that
a threshold of 0.6 mg total dissolved N L–1 promotes the development of Vaucheria in
these springs. Entwisle (1988) reported that Vaucheria species, especially those colonizing riverbanks, tolerate at least short periods of emersion and desiccation.
Optimum growth of Tribonema minus was demonstrated to be between 15° and
25°C, and the alga outgrew Spirogyra singularis in mixed cultures at temperatures
<15°C with low irradiance (<18 mmol-photons m–2 sec–1; deVries and Hillebrand 1986).
Field studies often record Tribonema populations during late winter or early spring,
and in colder climates (Prescott and Vinyard 1965, Vinocur and Pizarro 1995, Sheath
and Müller 1997, Nagao et al. 1999). Species such as Tribonema ambiguum, T. australis, T. utriculosum, and T. viride are regarded as typical of oligotrophic systems
(Vinocur and Izaguirre 1994, Anneville et al. 2002, Bonaventura et al. 2006). Other
Tribonema species are listed as eutrophic forms, including Tribonema bombycinum
and various unidentified Tribonema species (Davis et al. 1990, Jafari and Gunale
2005). These reports collectively suggest that accurate identification is critical, if species are used as ecological indicators. Growth of a Botrydiopsis species isolated from
the neuston (water surface) of one lake was enhanced with N limitation (low nutrients) and the presence of solid substratum (agar); its form also changed (more rhizoid
growth) to more closely resemble the terrestrial alga Botrydium (Juarez et al. 1998). A
much earlier study reported a water bloom of a Botrydiopsis species in one small water
body (Chadefaud 1943), although more recent occurrences are not known.

Significance______________________________________________
Source Water
No studies are known indicating that any members of the Xanthophyta or Phaeophyta
are important contaminants of source water or drinking water supplies. Most studies naturally focus on eutrophic waters, with attention paid to cyanobacteria, chrysophytes, or diatoms, and occasionally green algae (Lai et al. 2002, Mhlanga et al. 2006).
A lack of data does not mean that planktonic Xanthophyta do not add to the load of
particulate matter or affect source water quality. Cells of some Nannochloropsis species (Eustigmatophyceae) likely pass through filtration systems that are less effective
with other nano- and picoplanktonic-size cells (Ma et al. 2007). Scientists may overlook
or misidentify some organisms as members of other groups that they resemble (Ott
and Oldham-Ott 2003). For example, some species of Centritractus, Ophiocytium, and
Pseudotetraedon (Tribophyceae) have needlelike morphologies that (in other species)
have been reported to clog filtration systems (Jun et al. 2001). T. bombycinum has
been listed as a filter-clogging species in past reviews (Palmer 1962), a fact that is
repeated more or less verbatim in more recent government reports (Terrell and Perfetti 1989). Further careful efforts, longer seasonal studies, and the use of modern
taxonomic keys are needed in water monitoring programs if data are to clarify these
gaps and uncertainties.
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Treatment Plants
Few reports of algae in wastewater treatment plants mention Xanthophytes, and none
have recorded any freshwater Phaeophytes. Notably, filamentous T. bombycinum was
a common component of the periphyton at the outflow of secondary clarifying tanks of
a wastewater plant in Burlington, Vt. (Davis et al. 1990). The alga was especially common during the cooler months (January–April), when other eutrophic taxa (e.g., Oscillatoria cf. irrigua, Scenedesmus quadricauda, Stigeoclonium tenue) were less abundant. Periphyton colonizing glass slides in alpine streams immediately downstream
of sewage inputs were also dominated by Tribonema species along with Stigeoclonium
sp. and Oscillatoria sp. (Chapman and Simmons 1990). Similarly, Tribonema spp. prevailed in previously nutrient-poor headwater streams during the construction phase
in the creation of golf courses in north-central Ontario, Canada (Winter et al. 2003),
presumably in response to elevated nutrients from fertilizers. Some studies report the
mass development of water felt, Vaucheria spp., in eutrophic receiving wastewater
nitrogen (Dowidar and Robson 1972, Simons 1994, Cole et al. 2004). In a survey of
25 New Zealand rivers, Biggs (2000) reported that the greatest biomass of benthic
algae among all sites was formed by communities dominated by Vaucheria species in
streams that received anthropogenic nutrient inputs. Water management agencies,
however, should exercise caution to interpret the presence of Vaucheria as an indicator of wastewater or eutrophication, particularly because the alga is often reported as
“Vaucheria spp.,” based on sterile material. Palmer (1962) classified several species,
including Vaucheria geminata and V. sessilis, as typical of algae attached to reservoir
walls. The former species is also regarded as a weed of drainage ditches (Dowidar and
Robson 1972), while the latter was also reported as abundant in pristine spring-fed
streams in Ohio (Drouet 1933). The fact that some Tribonema and Vaucheria species produce substantial biomass in wastewater treatments suggests they may have
promise for nutrient or heavy metal removal, as demonstrated with other filamentous
species (e.g., Hoffman 1998, Pirszel et al. 1995).

Water Supply
Health concerns pertaining to algae in domestic water supplies have historically been
focused on taxa known to produce toxins, or taste and odor problems (Izaguirre et
al. 1982). No freshwater phaeophytes are known to be a health or water management concern in domestic water supplies. Surveys of phytoplankton communities in
water supply reservoirs occasionally mention the presence of Characidiopsis, Botrydiopsis, Characiopsis, Gonyostomum, Tribonema, or Vacuolaria (e.g., Le Cohu et al.
1989, Abdul-Hussein and Mason 1988, Kuang et al. 2004), but densities are rarely
great enough to be of concern. One possible solution to this problem for management
agencies may be the application of pigment-discriminating cytometric methods, which
have become increasingly precise in recent years. (Becker et al. 2002). A rapid and
precise real-time polymerase chain reaction (PCR) method developed for detecting
marine Raphidophytes (Bowers et al. 2006) may prove useful in future studies of water
supplies.

Toxin Production
Freshwater xanthophyte and phaeophyte algae are not known to be toxin producers,
but marine Chattonella and Heterosigma species (Raphidophyceae) produce potent ichtyotoxins that lead to massive fish kills during blooms (Marshall et al. 2004, Edvardsen and Imai 2006). These genera have no freshwater representatives, although 18s
rRNA gene sequence data indicate that freshwater V. virescens is a sister taxon (16
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to 18 base changes) to marine raphidophytes Chattonella subsalsa and Heterosigma
carterae (Potter et al. 1997).

Taste and Odor
No documented odor problems have been associated with freshwater members of the
Tribophyceae, Eustigmatophyceae, Raphidophyceae, or Phaeophyceae. These classes
are now placed in the Ochrophyta (Graham and Wilcox 2000), which include important
odor-producing organisms in the Chrysophyceae and Synurophyceae. In 1962, Palmer
listed the Tribonema as a source of fishy odors when abundant, but a review of the current literature did not reveal any direct links for this or any other tribophycean alga.
It is difficult to know if this lack of data is the result of a true lack of odor episodes or
underreporting of these algae in phytoplankton studies. It is widely recognized that
lipid derivatives, especially those based on polyunsaturated fatty acids (PUFAs), are
common causes of fishy odors in lakes and reservoirs (Watson 2004). This connection
may prove to be important, given the very high PUFA content of several freshwater
eustigmatophytes, including species of Eustigmatos, Monodus, Nannochloropsis, and
Vischeria (Volkman et al. 1999, Khozin-Goldberg and Cohen 2006).

Key for Identification to Divisions and Classes_ _________
Divisions
This chapter concerns the freshwater algae traditionally (formerly) classified in the
Xanthophyta and Phaeophyta; their current classification was discussed earlier.
1a.

Macroscopic brown thalli, exclusively benthic with filamentous or crustose
morphology; cells with golden-brown chloroplasts and fucoxanthin as the major
pigment, Phaeophyta

1b.

Microscopic or macroscopic greenish or yellow-green thalli, in unicells, colonies,
or filaments; cells with yellow-green chloroplasts (IKI starch test negative),
Xanthophyta

Classes
The only relevant class within the Phaeophyta is the Phaeophyceae (Fucophyceae),
which includes all known freshwater genera. The former division Xanthophyta as
considered here includes three classes: Raphidophyceae, Eustigmatophyceae, and
Tribophyceae.
1a.

Vegetative morphology simple; cell wall present; spherical, ovoid, or irregularshaped, single or in colonies; prominent orange-red eyespot (outside chloroplast); plastids parietal and usually single, Eustigmatophyceae

1b.

Vegetative morphology without prominent eyespot, with or without cell’s wall,
vegetative morphology simple or complex; unicells, colonies, or filaments, 2

2a.

Unicellular, heterokont flagellates; cells typically large (30 to 80 mm long),
lacking a cell wall, numerous discoid chloroplasts; trichocysts abundant,
Raphidophyceae

2b.

Vegetative forms diverse; cells amoeboid, flagellate, coccoid, irregular, in filaments or coenocytic forms; if flagellated, typically ≤10 mm maximum dimension;
1–3 plastids; lacking trichocysts, Tribophyceae
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Useful Information and References for Identification,
With Keys to Common Genera____________________________
Xanthophyta
A negative starch test is an useful first step to rule out organisms in the Chlorophyceae with similar morphologies. Fritsch (1935) and later Thomas and Goodwin (1965)
reported that xanthophyll pigments (hydroxy-carotenoids) turn a blue color when
treated with aqueous hydrochloric acid. Useful and more extensive references for identification of eustigmatophytes, raphidophytes, and tribophytes are provided below.
Keys and advice for the more common genera are provided by class.

Eustigmatophyceae
Care is needed because nonmotile stages (the usual vegetative form) may be confused
with coccoid green algae (Chlorococcales) but fail the starch test. Chloroplasts are parietal and usually single, although Chlorobotrys may have two or three (Figure 12-7).
Useful and more extensive references for identification of eustigmatophytes include
Starmach (1968), Ettl (1978), and Ott and Oldham-Ott (2003). Of the eight freshwater
genera currently recognized, none can be considered common; for a complete key, refer
to Ott and Oldham-Ott (2003).

Raphidophyceae
For purposes of collection and identification of these flagellates, cells placed in a clear
dish or flask aggregate toward a light (Chapman and Haxo 1966). It should be noted
that these organisms may produce palmelloid masses or asexual cystlike stages during specific times of the year (Drouet and Cohen 1935, Spencer 1971, Figueroa and
Rengefors 2006). Authors currently recognize three freshwater genera, Gonyostomum
(Figures 12-1A, 12-1B), Merotrichia, and Vacuolaria. Useful references for identification of raphidophytes include Starmach (1974) and Ott and Oldham-Ott (2003). They
can be distinguished as follows:
1a.

Spherical, ovoid, or pear-shaped cells that appear flattened; may exhibit
metaboly (changes shape); chloroplasts numerous, mostly peripheral; flagella
insertion apical, 2

1b.

Cells not flattened, without metaboly, flagella subapical; gullet tubular,
Merotrichia

2a.

Cells ovoid or slightly pear-shaped, narrowed apically; contractile vacuole(s)
prominent; gullet short or obscure, Vacuolaria

2b.

Cells pear-shaped or ovoid, narrower at posterior end; contractile vacuole
absent or not apparent; gullet appears conical (Figures 12-6A and 12-6B),
Gonyostomum

Tribophyceae
More than 100 freshwater genera are recognized although few have been reported
widely or in abundance. Some are very delicate and may be lost during preservation
(e.g., Lugol’s iodine); fresh samples should be examined prior to preservation and enumeration. Useful references include Blum (1972), Ettl (1978), Rieth (1980), Entwisle
(1988), Schneider et al. (1999), and Ott and Oldham-Ott (2003). Of the many genera,
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10 μm

Figure 12-8
Donald Ott)

Bumilleria sp. showing filament and fragmented H-pieces (arrow) (Courtesy of
perhaps six or seven are commonly observed in surface waters. Comprehensive keys
separate the genera by order and family. The following is an artificial key to some of
the common genera:
1a.

Growth form filamentous, 2

1b.

Nonfilamentous; unicells, aggregations, colonies, or coenocytic vesicles, 4

2a.

Filaments coenocytic with few or no crosswalls (Figure 12-3A); rarely or occasionally branched; numerous yellow-green chloroplasts; produce distinct M and
F reproductive structures (Figure 12-3B, 12-3C), Vaucheria

2b.

Filaments with crosswalls and unbranched; chloroplast single or several, 3

3a.

Filaments typically long; cells elongate-cylindrical; overlapping H-shaped pieces
usually evident in filamentous condition (Figure 12-1A, 12-1B), Tribonema

3b.

Filaments long or short; cells short-cylindrical or quadrate; H-shaped pieces not
apparent unless fragmented (Figure 12-8), Bumilleria

4a.

Thallus coenocytic spherical or ovoid vesicles, macroscopic when older
(Figure 12-2), Botrydium

4b.

Cells not organized as in a coenocytic vesicle; unicells or colonies, 5

5a.

Spherical or ellipsoid cells grouped in twos or fours, connected by long, gelatinous threads forming branched, dendritic colonies, Mischococcus

5b.

Cells elongate or triangular, not connected by long, gelatinous threads, 6

6a.

Cells triangular or pyramidal, loosely organized in small clusters (Figure
12-9A), Goniochloris

6b.

Cells elongate-cylindrical, curved or twisted; solitary or colonial (Figure 12-9B),
Ophiocytium
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A

B

10 μm

10 μm

Figure 12-9 (A) Goniochloris sp. (Courtesy of Janet R. Stein-Taylor); (B) Ophiocytium cf. capitatum
(Courtesy of Donald Ott)

Phaeophyceae
Freshwater brown algae colonize rocks in streams and large lakes. All have distinctively brown or golden-brown chloroplasts, although thalli can appear dark or light
brown, depending on CaCO3 precipitation (especially Pleurocladia). Of the six or seven
known taxa, only two have been collected from several locations in the United States.
Useful references include Starmach (1977) and Wehr (2003). Two common genera can
be separated as follows:
1a.

Thalli encrusting dark brown patches on rocks (Figure 12-5A); prostrate system of densely packed branched filaments (Figure 12-5B); vertical series of
unbranched or dichotomously branched filaments (Figure 12-5C); numerous
discoid brown chloroplasts, Heribaudiella

1b.

Thalli filamentous, spreading tufts; filaments uniseriate; broadly spreading
branches; basal filaments creeping on substratum or arched; erect filaments
spreading; 1 (rarely 2) large parietal chloroplast(s) per cell (Figure 12-4),
Pleurocladia
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