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Section 1. Introduction

This document has been written for wetland managers, researchers, and monitoring
specialists. For wetland managers, it serves as aresource for identifying and
understanding biological impacts that could result from regulated and unregulated
activitiesin wetlands. For researchers and monitoring specialists, it facilitates
interpretation of collected data by providing a context of what we aready know.

In preparing this, our sole focus has been to update a literature review on the same topic
sponsored and published previously by the USEPA (Adamus and Brandt 1990), see:
http://www.epa.gov/owow/wetlands/wqual/introweb.html

As such, this document isnot intended as stand-alone guidance for persons wishing to
learn how to develop wetland biomonitoring programs, or for persons seeking to
prioritize research. For additional wetland monitoring information, databases,
publications, and guidance, readers should see:
http://www.epa.gov/owow/wetlands/bawwg/

This document grows from the recognition that in-depth knowledge of the most current
research findings isimperative for developing and using scientifically-sound biological
indicators of wetland condition. This document has the following important attributes:
- Literature from the period 1990-2000 is the primary focus.
Literature from North American wetlandsis the primary focus.
Literature from inland freshwater wetlands is the primary focus.
Literature on impacts to assemblages of species, rather than single species, isthe
primary focus
Literature in peer-reviewed journalsis referenced amost exclusively.
Not every paper fitting the above descriptions could be reviewed. However, we
believe this document -- based on review of over 1500 publications -- covers a
majority of the relevant literature. The largest numbers of publications are cited in
the Invertebrates and Vascular Plants sections of this document, but for these two
topics we also excluded the largest numbers of relevant papers, due to limited time
for review relative to the enormous number that were published in the last decade.

The past decade has seen predictable diversification of wetland research into an
enormous array of subdisciplines and subtopics. A multitude of subjects previously
unexplored and some never imagined have emerged in the literature. Our approachin
preparing this document has been to emphasize wide coverage of the wetlands biological
literature, rather than cover any particular topic or subtopic in depth. Because of the
enormous number of studies that have been published, time constraints, and our stated
goalsfor the effort, we have sought primarily to organize the recent literature in a helpful
way, not to interpret or synthesizeit.

The document is structured around 11 categories of human-related disturbances to which



familiar with wetland terminology and ecological principles, aswell aswith terms and
concepts that are associated with indices of biological integrity. For thisreason no
glossary is provided. This document does not attempt to summarize our understanding of



invasion by non-native species capable of outcompeting species that normally characterize intact
communities; electromagnetic, ultraviolet (UV-B), and other radiation; and other factors not addressed
above.

In addition to addressing the above for each biological group, thisreport briefly
summarizes published information most relevant to monitoring the particular group.
Within each group and under a subheading “Wetland Monitoring,” recent information is
compiled on spatial and temporal variation, techniques and equipment for monitoring the
group, and biological metrics that have or have not been found to correlate with
individual or cumulative disturbances to wetlands.

Ideally, it would be best to separate the published results by wetland type (e.g., Cowardin
class, hydrogeomorphic class). Dueto the lack of information on many groups, however,
it was not practical to do so in thisdocument. Thus, readers should be cautious when
attempting to extrapol ate the reported results.

This document was developed in four stages. First, Thomas Danielson identified,
obtained, and prepared written reviews of relevant literature covering the period 1990-
1996, with the exception of literature on wetland microbes and fish. Second, Alex
Gonyaw (a student supervised by Paul Adamus in the Fisheries and Wildlife Department
at Oregon State University) identified, obtained, and prepared written reviews of relevant
literature covering wetland microbes and fish, plus updated the sections on the other
groups, through literature published in 2000. Third, Paul Adamus edited the manuscript
extensively and reviewed hundreds of publications that the co-authors had either not
known about, or had not had time to review. Fourth, after re-readings and comments by
the co-authors as well as external peer reviewers, Paul Adamus prepared the final
document.

At every stage, potentially relevant literature for the years 1990-1999 was identified by
(a) conducting keyword searches of computerized bibliographic databases, especially
CAB Abstracts and Aquatic Sciences and Fisheries Abstracts, (b) reading through the
tables of contents of afew especialy relevant journals, (c) searching the internet for
pertinent bibliographies, and (d) to alesser extent, reviewing articleslisted in these
bibliographies and in the literature cited sections of relevant journal articles and books.
Information and references from the parallel review of wetland biological studies
specifically from Florida, prepared for the US EPA by Steve Doherty and others, were
selectively incorporated.

Comments regarding information presented in the document should be addressed to:
Paul R. Adamus

6028 NW Burgundy Dr.

Corvallis, OR 97330



Section 2. Microbial Assemblages and Processes
2.1 Useaslndicators

This section addresses microbes that are closely associated with naturally-occurring
wetlands. Included in this discussion are bacteria, protozoans, viruses, yeasts, and
microscopic fungi (including mycorrhizae and hyphomycetes). Microscopic algae are
discussed in Section 3. Like the other sections in this document, this section focuses
amost entirely on research published since 1989. For ageneral discussion of the topic
based on pre-1990 scientific studies, and for broader discussion including advantages and
disadvantages of using microbial assemblages and processes as indicators of wetland
integrity, readers should refer to Adamus and Brandt (1990).

Microbial organisms are omnipresent in wetlands, even living within the individual
submerged roots of some wetland shrubs (Fisher et al. 1991). Through interactions with
wetland plants and hydrology, wetland microbial assemblages can remove inorganic
nutrients, heavy metals, dissolved organic carbon, particulate organic matter, and
suspended solids from the water column and sediments (Mickle 1993), aswell as play a
key role in supporting food webs (Schallenberg & Kalff 1993) and influencing global
climate change through their role in methanogenesis (Bartlett & Harriss 1993,
Kumaraswamy et al. 2000). The presence of bacteriain "biofilms" on the enormous plant



Fungi also can influence the structure of vascular plant communitiesin wetlands. For
example, lack of ectomycorrhizal fungi in beaver meadows (probably as aresult of
exclusion of fungi-spreading rodents by prolonged flooding) may prohibit the succession
of these meadows into forested wetlands (Terwilliger & Pastor 1999). Reductionsin
ectomycorrhizal infection of willowsin Alaskawetlands, as caused by herbivore
browsing, caused a shift in plant community composition (Rossow et al. 1997). Southern
boreal bogs and fens contain mostly mycorrhizal fungi that enable characteristic plant
species to proliferate in these nutrient-poor ecosystems by accessing otherwise
unavailable nutrient pools. In contrast, marsh vegetation mainly contains non-
mycorrhizal fungi, possibly due to higher surface-water nutrient concentrations and
fluctuating water levels (Thormann et al. 1999). In general, little is known about the
effects of contaminant additions or other wetland alterations on mycorrhizae (Cairney &
Meharg 1999).

Because microbial assemblages have so many important ecosystem functions, and
because these functions are typically easier to measure than the taxonomic structure of
the responsible microbial community, most literature on impacts describes effects on
these functions rather than on the microbes themselves. To date, no North American
studies have used microbial taxonomic or functional diversity or composition to assess
the ecological conditions of alarge series of wetlands, but use of microbes as indicators
of aquatic system integrity has been considered generally (Lynn & Gilron 1992) and with
reference to contaminants in particular (Maier et a. 2000).

2.2 Effectsof Enrichment, Eutrophication, Reduced Dissolved Oxygen

Bacterial assemblages, with generation times as little as 15 minutes are well suited for
detecting short-term nutrient pulses (Miyamoto and Seki 1992). In an Ohio marsh,
experimental dosing with phosphate stimulated an increase in bacterial density (Willis
and Heath 1993). Excessive enrichment can quickly allow anaerobic taxato gain
dominance. Microbial assemblages receiving agricultural nutrient inputsin part of the
Florida Everglades were dominated by methanogens, sulfate reducers, and acetate
producers (Drake et al. 1996). These bacteria flourish where porewater total phosphorus
concentrations and conductivitiesare high (Drake et al. 1996). Excessive nutrients from
agricultural operations may reduce the normal ability of wetland microbia assemblages
to detoxify particular pesticides (Kazumi & Capone 1995, Chung et al. 1996, Entry &
Emmingham 1996, Entry 1999). Although nitrogen additionsto ariparian system briefly
stimulated bacterial and fungal activity, long-term effects were perceived as negative,
thus potentially compromising the ability of the system to remove nitrogen via
denitrification (



isinfluenced by the plant species with which the bacteria are associated (the plants may
secrete antibacterial substances) and not with the cation exchange capacity of the plant
litter (Eriksson & Andersson 1999).

In New Y ork, experimental additions of particulate detritus derived from the most
common submerged macrophyte (Vallisneriaamericana) and wetland plant (Typha
angustifolia) to Hudson River water did not result in increases in bacteria productivity.
In contrast, additions of dissolved organic carbon derived from these same plants
consistently yielded large increases in bacterial production (Findlay et al. 1992). Growth
response of bacterial coloniesin streams may depend on timing and source of natural
leachates from local plants as well as on sources of dissolved organic carbon from further
upstream. Growth of bacterial assemblagesin streams exhibited 'generalist’
characteristics in headwater reaches and 'specialist’ characteristics farther downstream
(Koetsier et a. 1997).

Decomposition rates, which generally reflect microbial activity, increased along a
eutrophication gradient from a bog, a poor fen, awooded moderate-rich fen, a lacustrine
sedge fen, ariverine sedge fen, ariverine marsh, and alacustrine marsh in southern
Alberta (Thormann et al. 1999). Although ammonium fertilizers have been thought to
potentially increase methane emissions from wetlands (due to effects on particular
bacterial assemblages), evidence to the contrary was reported by Bodeller et al. (2000).



diquat (Melendez et al. 1993).






Decomposition of various wetland macrophytes did not differ significantly among grazed
and ungrazed sites in a German river delta (Ibanez et al. 1999), but mowed sites had less
colonization by mycorrhizae (Titus & Leps 2000). Decomposition of cotton strips was
significantly greater following logging of a Michigan forested wetland (Trettin and
Jurgensen 1992). Removal of vegetation and the upper soil layer from a Florida
Everglades site resulted in increased activity of microrrhizal fungi for at least 2 years
after disturbance (Aziz et al. 1995). However, removal of streamside vegetation in
Illinois resulted in fewer number of decomposer fungal species per unit substrate and



Some studies suggest that colonization of plant roots by vesicular arbuscular mycorrhizal
(VAM) fungi can be influenced by wetness (Cooke et a. 1993, Cantlemos and Ehrenfeld
1999), whereas others suggest it is only mildly influenced by wetness (Aziz et al. 1995,
Turner et al. 2000). The species composition of VAM fungi was found to vary only
slightly by water depth when plant species was held constant (Miller & Bever 1999). No
VAM species was confined to the wettest parts of two wetlands that were studied in
Florida (Miller & Bever 1999). VAM colonization has found to be less where surface
water depth and persistence are great (Rickerl et al. 1994,Wigand et a. 1998, Miller &
Sharitz 2000, Miller 2000).

2.10 Wetland Monitoring
Spatial and Temporal Variation

Bacterial abundance and productivity can vary more than an order of magnitude over an
annual cycle. Bacterial abundance during warmer periods can be measurably affected by
protistan herbivory, although much of thisherbivory is respired (Johnson and Ward
1997). In an Alabamawetland, bacterial productivity per mg dissolved organic carbon
(DOC) in spring decreased compared to winter, while dissolved organic carbon
concentrations increased over this period (Mann 1998). In an Ohio fen, microbial growth
rates and cell density peaked in late July and then decreased until at least December
(Gsdl et al. 1997). Surface DOC within a southern wetland varied seasonally, with
greatest fluctuations in concentrations through the summer and autumn during intensive
macrophyte growth and bacterial production (Mann and Wetzel 1995). Methane
emission in aMaine peat bog reached its lowest point in winter (Roslev and King 1996).
M ethane production in organic-rich wetlandsis related more to organic-chemical
components of the peat than to the activity of coincident sulfate-reducing bacteria (Y avitt
and Lang 1990). In salt marshes, the species composition of diazotrophic bacteria
assemblages (which provide nitrogen to plant roots) despite large acute variationsin
available carbon (Piceno & Lovell 2000b). Bacterial and fungal populations can occur in
deep alluvial sediments over 1 mile from ariver channel, but are greater closer to the
channel (Elliset al. 1998). Spatia variation in nitrification rates in a wetland was mostly
associated with differences in emergent plant species composition (Eriksson &
Andersson 1999). One study found substrate type to have a greater influence than local
geography on microbial taxonomic composition (Goodfriend 1998).

Techniques and Equipment

Because of the highly dynamic nature of microbial assemblages, obtaining samples that
are spatially and temporally representative of the community’ s taxonomic composition
and density can be adaunting or impossible task (Kinkel et al. 1992). Instead, diversity
of functional processesis often measured with much less effort. Or, microbial taxa can
be grouped by presumed physiological tolerances, nutritional versatility, genetic
distinctiveness, or other factors, prior to analyzing the data (e.g., Atlas 1991). A
technigue using rRNA-targeted oligonucleotide probes was found to be reliable for
characterizing functional composition of microbesin salt marsh sediments (Edgecomb et
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Section 3: Algae
3.1 UseasIndicators

From a habitat perspective, algae are commonly grouped as phytoplankton (algae suspended in
the water column), metaphyton (unattached and floating or loosely associated with substrata),
benthic algae (attached to substratum), and epiphytic algae (attached to plants). Like the other
sectionsin this document, this section focuses almost entirely on research published since 1989.
For ageneral discussion of the topic based on pre-1990 scientific studies, and for broader
discussion including advantages and disadvantages of using algal assemblages and processes as
indicators of wetland integrity, readers should refer to Adamus and Brandt (1990) and to EPA’s
web pages on use of algae in wetland monitoring: http://www.epa.gov/owow/wetlands/bawwg.

Asasource of energy for invertebrates and higher trophic levels, algae often are more important
than vascular plants, at least during the summer when temperature and light conditions are most
favorable (Hanson & Butler 1990, Hargeby et al. 1991, Neill & Cornwell 1992, Murkin et al.
1992, Peterson & Deegan 1993, Vymazal 1994, Campeau et al. 1994).

In the past decade, studies that have used assemblages of algae specifically to indicate condition
of alarge series of wetlands have been conducted, for example, in Montana (Apfelbeck 1998),
the Midwest (Mayer & Galatowitsch 1999), and southwestern Maine (in preparation). Some of
these studies are detailed at http://www.epa.gov/owow/wetlands/bawwg/case.html .

Of particular note is the book Algae and Element Cycling in Wetlands (Vymazal 1994), and the
book Algal Ecology (Stevenson et a. 1996), especially the chapter on wetland algae by



Table 3.1. Examples of nutrient response studies involving wetland algae

STUDY DURATION NUTRIENT REFERENCE
SITE CONCENTRATION
Lab 61 days 0,0.1,05, 1, 2,5, 10, Bothwell 1989
2mX 19cm 20, 50, 100 ny/L POs
Tundra 6 years 10ny/L P,100ny/L N  Bowden et al. 1992
stream
Marsh 2 months 2,3,56,7,27,51, 76 Grimshaw et al. 1993

112 ny/L Dissolved P

Everglades 5 months 04,08,1.6,3.2,64,
Slough 12.8 my/L NaH,PO,

McCormick and O’ Dell 1996

Whereas in some |lakes and streams algal mats indicate eutrophication, in the Florida Everglades
algal mats with Utricularia spp. are viewed as indicators of health (McCormick and Stevenson
1998, Craft et a. 1995, Rader and Richardson 1992). With increasing nutrient loading, however,
the polysaccharides that hold algal mats together disintegrate (McCormick et al. 1997,
McCormick and Stevenson 1998, Craft et al. 1995, Rader and Richardson 1992). Although the
mats themselves dissipate, the species responsible for the polysaccharides typically remain,
unless affected by other variables (Rader and Richardson 1992). In some cases where nutrient
loading continues, desmid species that construct the mats are replaced by more nutrient tol erant
species. Craft et al. (1995) found that as algae mats dissipated, Chara spp. became dominant.

Effects on Species Richness

Eutrophication can lead to the simplification of algal communities, especially those already in a
mesotrophic environment. In streams, diatom communities respond to organic enrichment with
decreased species richness, diversity, and evenness (Steinman and Mclntire 1990). When
phosphoric acid was added to an Alaskan river, for example, species diversity and evenness

declined (Bowden et al. 1992).

Effectson Species and Functional Group Composition

Generally, phytoplankton respond quickly to small, repeated additions of nutrients (Jorgenson et
199Althof4E2 Tc 0.9.76y and evennO(Sei 7/L Naent. Instread036 Tc -06diatAlthofOant140H et al. fl1-0.0396 Tc may



der Valk 1989a). When phosphoric acid was added to an Alaskan river, the dominant taxon
Hannea arcus declined, as did Fragillaria, whereas numerous taxa belonging to Achnanthese,
Cymbella and Eunctiaincreased (Miller et al. 1992). Among 30 Canadian |akes, total
phosphorous and water transparency (Secchi depth) were found to explain alarge proportion



Other chemical constituents of water, particularly pH-altering bicarbonates, can regul ate the
response of algae to nutrient additions (Fairchild and Sherman 1993). In a Canadian softwater
oligotrophic lake, Stigeocloniumsp., Scenedesmus sp., Cryptomonas sp., Euglena sp. and
Rhodomonas sp. increased in relative abundance when carbonate ions were naturally abundant
during the addition of nitrogen (.15 mol NaNOs) and phosphorus (.015 mol NapHPO,), whereas
Mougeotia sp., Oedogonium sp., Nostoc sp. and Anacystis sp. decreased (Fairchild et al. 1989,
1989a). Species responses varied depending on whether nitrogen, phosphorus or bicarbonate
were supplied, indicating that limiting nutrients were species specific. Excessive concentrations
of nitrogen, in the form of ammonia— can be directly lethal to algae. In Michigan, ammonia
contaminated sediments (1.3-54.4 mg/L ammonia) from 13 sites were acutely toxic to
Selenastrum capricornum (Ankley et al. 1990). In addition, physical factors play arolein the
response of alge to nutrients. 1n Pool 8 of the Mississippi river -- a predominantly lacustrine
system with variouslentic and slow water lotic microhabitats -- algal communities appear to be
shaped by water flow, rather than strictly regulated by nutrient levels (Lange and Rada 1993).

Shiftsin nutrients can alter macroinvertebrate populations, leading to a change in the balance
between those that consume algae vs. those that consume vascular plants. This shift in trophic
levels can mask the effects of nutrient additions (Irvine et al. 1989). Enrichment also can shift a
stable epi phyton-dominant system (" open wetland") to metaphyton dominance ("sheltered
wetland") if macrophytes remain sufficiently abundant to provide a substrate for metaphytic
algae (McDougal et al. (1997). Development of the phytoplankton-dominant "lake wetland"”
state presumably occurs only when other algal and macrophytic competitors for nutrients are
few. Metaphytic algae may increase in dominance due to their limited palatability to micro and
macroinvertebrates (Neill and Cornwell 1992).

The use of algal species composition to predict ambient TP concentrationsis limited by
extensive variation in time and space of the TP concentrations (Chamberset al. 1992, France and
Peters 1992). Nutrients appear to vary even more than pH (Battarbee 1990, 1999).

Effectson Density or Biomass

In response to enrichment, algal biomass increases quickly (Humphrey and Stevenson 1992,
Dodds et al. 1998) -- more quickly than does biomass of submerged vascular plants (Crumpton
1989, Klarer and Millie 1992). For example, in a lacustrine wetland in Manitoba, algal biomass
and density were strongly correlated to the degree of wetland enrichment (Murkin et al. 1991b).
In the Florida Everglades, phosphorus concentrations in periphyton corresponded closely with
concentrations in the water across the range of 3 to 112 ng TP/L, implying substantial uptake of
phosphorus by the algae (Grimshaw et al. 1993). Uptake by Everglades epiphyton, vascular
plants, and sediments resulted in aten-fold decline in ambient phosphorus levels (Grimshaw et
al. 1993).

The increase in agae that results from an increase in nutrients depends largely on the intensity of
algal grazing by invertebrates (Harris 1996, Allan 1995, Bourassa and Cattaneo 1998, Mazumder
et al. 1989, Paul et al. 1989, Mulholland et al. 1991). For example, in open water systems, large
cladocerans can suppress algal biomass to low levels despite excess nutrients. Additions of
phosphorusto an arctic river resulted in a net decrease in epilithic algae due to an extreme



increase in grazers (Miller et al. 1992). Similarly, when nutrients were added to a Canadian
marsh, net algal production (predominantly epiphyton) declined due to grazing from
invertebrates (Hann and Goldsborough 1997). However, in a series of ponds treated with
phosphate, algal biomass was higher — despite the abundance of a snail -- than those where
nitrate was added (M cCormick and Stevenson 1989).

Shading also influences the magnitude and type of response of algae to nutrients. In 11
Canadian lakes, epiphyton biomass increased up to 39 ng total phosphorus/L, after which it
declined due to shading from phytoplankton (L alonde and Downing 1991). Metaphyton also
create shade, and respond quickly to phosphorus additions (e.g., 179 mg-P/m*)(Wu and Mitsch
1998).

3



Herbicides often cause a shift from large, filamentous green algae (chlorophytes) to smaller
diatoms and cyanobacteria species (Gurney and Robinson 1989). Ironically, algal blooms can
occur in wetlands after herbicides are applied to kill vascular plants, because a reduction in shade
from vascular plants can trigger increases in benthic algae and metaphyton (Adamus 1996).

After testing 20 herbicides, 2 insecticides, and one fungicide on many algal species, Peterson and
others (1995) reported adverse effects from 9 of the pesticides (particularly 5 triazine herbicides).
The fungicide propiconazole and the herbicides picloram, boromoxynil, and triclopyr were
relatively harmlessto algae. In another study, stream periphyton did not appear to be adversely
impacted by a 12-hour exposure to hexazinone (Kreutzweiser et al. 1995). The insecticide,
Fenitrothiona , caused significant decreases in growth among 12 phytoplankton species (Kent et
al. 1995). Atrazine and bifenthrin had del eterious effects on algal populations (Hoagland et al.
1993).

Toxic levels of copper, lead, and zinc have been documented to cause a decline of many algal
species and an increase of Rhizosoenia eriensis in a contaminated lake (Deniseger et al. 1990), as
well as affect algal metabolic processes (Hill et al. 1997). Phytoplankton from an Ohio lake
were more sensitive to copper toxicity during the summer and fall than in the spring, except for
Crythophyta which was strongly sensitive to copper throughout the year (Winner and Owen
1991). Polynuclear species of aluminum may be very toxic to algae and may represent a
significant proportion of the aqueous aluminum at some conditions of low pH (Hunter and Ross
1991). However, in a stream experiment the addition of aluminum increased densities of
diatoms, green algae, and blue-green agae (Genter and Amyot 1994). Specifically, the diatom
Achnahes minutissima, the green alga Cosmarium malanosporum, the filamentous blue-green
alga Schizohrix calcicola, and Navicula sp. diatoms all experienced increased growth in response
to elevated aluminum (Genter 1995). Another study found Navicula sp. to be unaffected by the
addition of aluminum (Planas et al. 1989).

3.4 Effectsof Acidification
Pr ocesses

Algae are affected by acidification as aresult of (@) direct toxicity (Baker and Christensen 1990,
Fairchild and Sherman 1993), (b) indirect toxicity, from some metals that are mobilized or made
more available by changes in acidity (Genter and Amyot 1994, Schindler 1990, Kingston et al.
1992), and (c) changes in competition with, and predation from, organisms that are less sensitive
(Elwood and Mulholland 1989, Schindler 1990, L ocke and Sprules 1994, Feminella and
Hawkins 1995). Changes resulting from algal sensitivity to acidification can be traced through
entire food webs (Havens 1992).

Effects on Species Richness

Either extreme of acidity (too acid or too basic) can dimish species richness of algal
communities. Among 36 lakes in the Upper Midwest, diatom community diversity and richness



were lowest in the most alkaline, plankton-dominated lakes and in lakes dominated by Melosira
sp. (Cook and Jager 1991).

Effects on Species Composition

Logically, the losses of algae in acidified waters are proportionally greater for acid-intolerant



species, such as Rhopal odia gibba and Synedra rumpens, tend to decrease in abundance with
more acidic conditions but do not decrease further with the addition of aluminum (Planas et al.
1989). Filamentous cyanobacteria(e.g., Schizohrix calcicola) increase under acidic conditions
but decrease under a combination of elevated acidity and aluminum (Dixit et al.






The conversion of shallowly-inundated wetlands to deepwater ponds or lakes reduces epiphyton
and



particular habitats within wetlands (Morin and Cattaneo 1992), are sometimes driven by spatial
patterns in nutrient inputs (e.g., Wu and Mitsch 1998, McCormick 1998) or physical habitat
structure (Rose and Crumpton 1996).

Temporal variation is also important, at both a seasonal and annual scale (Whitton et al. 1998).
In ariverine study of 186 algal species, the possible effects of water quality were subsumed by
other differences between years (Miller et al. 1992). Within years, many water bodies have
predictable, seasonal shiftsin the community structure and spatial distribution of phytoplankton
and other types of algae (Harper 1992, Cloern et al. 1992), and these may be altered by nutrient
additions (Gabor et a. 1994). Diatoms are often more common in the spring and summer, green
algae in the summer, and cyanobacteria in late summer (Harper 1992). Seasonal variation in the
relative abundance of