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Ontario Ministry of the Environment Objectives and Guidelines (1991)


To avoid nuisance algae concentrations in lakes, total P should not exceed 20 �SYMBOL 109 \f "Symbol"�g/l.


To protect against aesthetic deterioration in lakes, total P should not exceed 10 �SYMBOL 109 \f "Symbol"�g/l.


To avoid excess plant growth in rivers & streams, total P should not exceed 30 �SYMBOL 109 \f "Symbol"�g/l.





OECD (1982)


Trophic characterization of lakes' impairment of various uses


Limnological characterization�
Oligotrophic�
Mesotrophic�
Eutrophic�
�
General level of production.....................�
low�
medium�
high�
�
Biomass.................................................�
low�
medium�
high�
�
Green and/or blue-green algae fractions...�
low�
variable�
high�
�
Hypolimnetic oxygen content...................�
high�
variable�
low�
�
Impairment of multi-purpose use of lake...�
little�
variable�
great�
�
�
Hutchinson, Neary and Dillon (1991)


The Trophic Status Model (TSM) of On�tario's Lakeshore Capacity Study is a refinement of the Dillon-Rigler (1975) model for predicting total phosphorus concentration and sev�eral trophic status in�dicators in lakes.  Applying arbitrary guide�lines will result in the loss of lakes of exceptionally high quality and the loss of a diversity of water quality.





The model introduces the concept of a numerical objective (say, a 50% or 100% increase over background concentration), but the absolute change has to be specific for each lake.  The back�ground value represents phosphorus loading only from natural sources in the wa�tershed and from precipitation inputs directly to the lake surface.  For example, in a lake with a back�ground concentration of 0.004 mg/L, 50% and 100% in�creases would result in 0.006 and 0.008 mg/L.  Changes in Ch a and Secchi depth would be per�ceptible, but would produce minimal changes in aesthetic quality or hy�polimnetic oxygen deficit com�pared with allowing the same lake to in�crease to 0.010 mg/L.  In lakes with higher back�ground concentrations (eg. 0.014 mg/L), 50 and 100% increases could produce aesthetic impairment or algal blooms where none existed before.  In such a case a maximum of 0.020 mg/L could be imposed rather than 0.021 or 0.028 mg/L.





Proposal for a Policy to Standardize MOE Response to Lakeshore Devel�opment Proposals, Water Resources Branch, Limnology Section, Ontario Ministry of the Environment,  November 1, 1990





Proportional Phosphorus Increase


This is the approach favoured by a committee of regional representatives discussing the prob�lems associated with setting policy for lakeshore development. This approach would involve two new ideas.  First, it would require consideration of development on lakes upstream and down�stream from the candidate lake in a watershed so that phosphorus ex�port was considered as a source.  Second, this approach would involve the calculation of the original, pre-development phosphorus concentration in each lake using the Lakeshore Capacity Study Trophic Status Model, and allow development to increase phosphorus concentration by a fixed percentage from that baseline.





We feel that an increase of 50% would allow reasonable levels of development with little impact on water clarity or dissolved oxygen regimes.  For example, if a lake originally had 4 ug.L-1 phosphorus, development would be allowed to increase that to 6 ug.L-1.  A lake which originally had 8 ug.L-1 would be permitted to increase to 12 ug.L-1.  There would be three exceptions:





1) an upper limit of 20 ug.L-1 would be imposed to avoid nuisance algae occur�rence,


2) the maintenance of two-thirds of the original lake trout habitat would be re�quired for lake trout lakes,


3) a minimum oxygen concentration of 2 mg/l in lakes with naturally oxic hy�polimnia would be required 2m from the bottom of the hypolimnion to avoid phosphorus additions from anoxic sediments.





A problem with this approach is the increased complexity arising out of the need to allo�cate de�velopment on a whole watershed basis instead of one lake at a time.  However, failure to con�sider effects of development on a whole watershed basis will often result in unacceptable water quality effects and may require expensive remedial measures if detri�mental impacts follow.





We feel that the benefits from the approach will outweigh any drawbacks.  This approach would maintain a diversity of water clarities across the province's lakes, and maintain more oligotrophic lakes in an oligotrophic state.  It would permit reasonable levels of develop�ment on lakes which have large capacities, and on lakes with naturally low water clarity.  It provides a framework whereby proposed new development can be placed in a context of stresses already occurring on the lake, and takes into account nutrient loads from lakes and developments upstream of the target lake.





Other Planning Considerations


In the case of lakeshore development, the mandates of the Ministries of Municipal Affairs, Natu�ral Resources, and Environment show considerable overlap.  Implementing a policy based only on trophic status considerations will not provide adequate protection to all desirable attributes of recreational lakes and may not be possible without considering the input of other stakeholders in the planning process.  Since much of the lakeshore planning considerations have traditionally been within the mandate of the Ministry of Municipal Affairs, a dialogue with that Ministry should be opened to include a number of topics re�lated to lakeshore development.  Some of these in�clude:


	-the development of a watershed-oriented assessment framework, so that down�stream effects of development proposals can be evaluated.  This may involve more than one municipal�ity.


	-implementation of the wildlife component of the Lakeshore Capacity Study so that trophic status is not the only consideration for approving development; evaluation, and modifica�tion if necessary, of the Lakeshore Capacity Study fisheries component.


	-a standardized number of lots which would require a plan of subdivision rather than a severance.


	-the incorporation of lake capacity considerations in the development of Official Plans at both the District/County and at the Municipal level.  These considerations should be backed up with amendments to both the official zoning and appropriate by-law struc�ture.  Of additional concern is the determination of the density of resort units on a prop�erty after commercial zoning has been designated.


	-a delineation of the circumstances under which zoning variances could be consid�ered on a lake at or near capacity.


	-a requirement for municipalities to organize record keeping in such a manner that de�velopment information for specific water bodies is readily retrievable.


	-a process whereby individual severances be subjected to review when a lake is at or near capacity.


	-provisions in the development of site plans to incorporate features which would mini�mize the impact of development on water quality and nearshore fish habitat.  These could in�clude minimum setbacks from the shoreline, requirement for treed vegetative shoreline strips, restrictions on the application of fertilizers on golf courses near lakes, and surge ponds or other stormwater management systems on large developments.





OECD (1982)  Fixed Boundary System for diagnostic purposes


In this system, a certain arbitrariness is unavoidable, and the danger exists that the respective categorization is rigidly applied.  To avoid this, judgment about alloca�tion of a given lake to a trophic category should not be based on only one or two parameters but on the total information.  The advantage of a fixed boundary system is its easy application by managers and technical personnel with only limited limnological training.  In particular, it is apt to prevent gross misuse of the trophic terminology, which has often happened in the past.





Trophic Category�
P�SYMBOL 108 \f "Symbol"��
Chl a�
max. Chl a�
Secy�
min. Secy�
�
�
mg/m3�
�
�
m�
�
�
Ultra-oligotrophic....�
�SYMBOL 163 \f "Symbol"� 4.0�
�SYMBOL 163 \f "Symbol"� 1.0�
�SYMBOL 163 \f "Symbol"� 2.5�
�SYMBOL 179 \f "Symbol"� 12.0�
�SYMBOL 179 \f "Symbol"� 6.0�
�
Oligotrophic............�
�SYMBOL 163 \f "Symbol"� 10.0�
�SYMBOL 163 \f "Symbol"� 2.5�
�SYMBOL 163 \f "Symbol"� 8.0�
�SYMBOL 179 \f "Symbol"� 6.0�
�SYMBOL 179 \f "Symbol"� 3.0�
�
Mesotrophic...........�
10 - 35�
2.5 - 8�
8 - 25�
6 - 3�
3 - 1.5�
�
Eutrophic................�
35 - 100�
8 - 25�
25 - 75�
3 - 1.5�
1.5 - 0.7�
�
Hypertrophic...........�
�SYMBOL 179 \f "Symbol"� 100�
�SYMBOL 179 \f "Symbol"� 25�
�SYMBOL 179 \f "Symbol"� 75�
�SYMBOL 163 \f "Symbol"� 1.5�
�SYMBOL 163 \f "Symbol"� 0.7�
�
�
Janus and Vollenweider (1981) and OECD (1982) - Probability Distributions


What emerged from the assessment of all information available, however, led to the conclusion that there is no possibility of defining strict boundary values be�tween trophic categories..  Whilst the progression from oligo- to eutrophy is a gliding one- as has been stressed many times in lit�erature- any one combination of trophic factors, in terms of trophic category allocation, can only be used in a probabilistic sense.  Objective reasons exist for the uncertainty of classifying a given lake in dif�ferent categories by two or more investigators, depending on the management of that body of water.  It is strongly sug�gested that the reader refer to the probability distribution curves for the main components: average lake phospho�rus, average and peak chlorophyll a concentrations and average yearly Secchi disc transparency.





Kratzer-Brezonik (1981) classification system


TSI value�
Trophic state�
�
0- 20�
Ultraoligotrophic�
�
30-40�
Oligotrophic�
�
45-50�
Mesotrophic�
�
53-60�
Eutrophic�
�
70-100�
Hypereutrophic�
�



TSIs can be calculated from Carlson (1977) and these widely used Carlson TSIs are rec�om�mended by the USEPA Clean Lakes manuals.





�EMBED Equation ���                          �EMBED Equation ���


�EMBED Equation ���


�
Dillon and Rigler (1975)


This model is being successfully implemented at the local level within the Municipal Dis�trict of Muskoka, Ontario.  Based on long-range plans for the lake, decide what the maximum permis�sible av�erage summer chlorophyll a concen�tration should be.  The planning agency may pick any intermediate level should it so desire subsequent to inten�sive public con�sultations, and based on the said values, the planning agency sets the zoning regu�lations.





Level 1:  Ch a= 2 mg/m3


For lakes to be used primarily for body contact water recreation, where it is de�sir�able to maintain hypolimnetic concentrations of oxygen in excess of 5 mg/l to pre�serve cold water fisheries.  The lake will be extremely clear with a mean Secchi disc visibility of 5 m and will be very unproductive.  (Note- the Secchi disc visi�bility may be lower in brown water [dystrophic] lakes).





Level 2:  Ch a= 5 mg/m3


For lakes to be used for water recreation but where the preservation of cold wa�ter fisheries is not imperative.  The lake will be moder�ately pro�duc�tive and cor�re�spondingly less clear, with a mean Secchi disc visibility of 2-5 m.





Level 3:  Ch a= 10 mg/m3


For lakes where body contact recreation is of little importance, but empha�sis is placed on fisheries (bass, yellow perch,.......).  Hypolim�netic oxygen depletion will be common.  Secchi disc depths will be low (1-2 m), and there is a danger of win�ter kill of fish in shallow lakes.





Level 4:  Ch a= 25 mg/m3


Suitable only for warmwater fisheries.  Secchi disc depth <1.5 m, hypolim�netic oxygen depletion beginning early in summer, consider�able danger of winterkill of fish except in deep lakes.





Reckhow and Simpson (1980)


While this method is based on the aforemen�tioned Dillon-Rigler model which is derived from a highly homogeneous set of lakes, this model includes a fairly wide range of lakes within the north temperate climatic zone (TP conc. whole yr= 0.004- 0.135 mg/L, TP loading= 0.07- 31.4 g/m2-yr, and areal water loading= 0.75-187.0 m/yr).  In addition, this model permits the quantification of prediction uncer�tainty, and it indicates to the user how valuable (certain) the information is that is provided by the model.  The fol�lowing TP val�ues are the whole year averages.





TP < 0.010 mg/L


Suitable for water based recreation and propagation of cold water fisheries, such as trout.  Very high clarity and aesthetically pleasing.


TP = 0.010-0.020 mg/L


Suitable for water based recreation but not for cold water fisheries.  Clarity less than above.


TP = 0.020-0.050 mg/L


Limited total body contact suitability, based upon either loss of aes�thetic proper�ties or possible health hazards.  Generally very pro�ductive for warmwater fisher�ies.


TP > 0.050 mg/L


A typical "old aged" lake in advanced succession.  Some fisheries, but high lev�els of sedimentation and algae or macrophyte growth may be diminish�ing open water surface area.


�
Wetzel (1983) (modified from Vollenweider. 1968)


General level of lake


productivity�
Change (reduction) in alkalinity


in epilimnion during summer


(mg/l converted from meq/l)�
Total Phosphorus


(µg/l)�
�
Ultra-oligotrophic�
<10�
<5�
�
Oligo-mesotrophic�
<30�
5-10�
�
Meso-eutrophic�
30-50�
10-30�
�
Eutrophic�
�
30-100�
�
Hypereutrophic�
>50�
>100�
�



Jørgensen (1980)


Classification of lakes (Modified from Likens. 1975)


Variable�
Ultra-oligo�
Oligo�
Oligo-meso�
Meso�
Meso-eutro�
Eutro�
Hyper-eutro�
Dystro-phic�
�
TP (µg/l)�
<1-5�
�
5-10�
�
10-30�
�
30�SYMBOL 174 \f "Symbol"�5000�
<1-10�
�
Cha (µg/l)�
0.01-0.5�
0.3-3�
�
2-15�
�
10-500�
�
0.1-10�
�
TN (mg/l)�
<0.001-0.25�
�
0.25-0.6�
�
0.5-1.1�
�
0.5�SYMBOL 174 \f "Symbol"�15.0�
<0.001-0.5�
�
TOC (mg/l)�
�
<1-3�
�
<1-5�
�
5-30�
�
3-30�
�
Total Inorg. Sol�ids (mg/l)�
2-15�
�
10-200�
�
100-500�
�
400-60000�
5-200�
�
Light extinc. co�eff. (�SYMBOL 104 \f "Symbol"� m-1)�
0.03-0.8�
0.05-1.0�
�
0.1-2.0�
�
0.5-4.0�
�
1.0-4.0�
�
Dominant phy�toplankton�
�
Chryso-


phyceae,


Crypto-


phyceae�
Dino--


phyceae


Bacillario-


phyceae�
�
�
Bacillario-


phyceae


Cyano-


phyceae�
Chloro-


phyceae,


Eugleno-


phyceae�
�
�
Phytoplankton density (cm3/m3)�
<1�
�
1-3�
�
3-5�
�
>10�
�
�
Phytoplankton biomass


(mg C/m3)�
<50�
20-100�
�
100-300�
�
>300�
�
<50-200�
�
Mean primary productivity (mg C/m2.d)�
<50�
50-300�
�
250-1000�
�
>1000�
�
<50-500�
�



Canadian Council of Ministers of the Environment


Recreational Water Quality and Aesthetics (rev. April 1992)


Clarity:  The water should be sufficiently clear that a Secchi disc is visible at a minimum of 1.2 m.


Turbidity:  The turbidity of water should not be increased more than 5.0 NTU over natural turbid�ity when turbidity is low (�SYMBOL 60 \f "Symbol"�50 NTU).





Freshwater Aquatic Life


Total Suspended Solids:  Induced suspended solids should not exceed 10 mg.L-1 when back�ground suspended solids concentrations are equal to or less than 100 mg.L-1.  In�duced sus�pended solids should not exceed 10% of background concentrations when background concen�trations are greater than 100 mg.L-1.


�
Ryding and Rast (1989)


General characteristics of oligotrophic and eutrophic lakes and reservoirs in the temperate zone


Parameter�
Oligotrophic�
Eutrophic�
�
Aquatic plant and animal pro�duction�
low�
high�
�
Number of plant and animal species�
many�
many; can be substantially re�duced in hypertrophic waters�
�
General levels of biomass in waterbody�
low�
high�
�
Occurrence of algal blooms�
rare�
frequent�
�
Relative quantity of green and blue-green algae�
low�
high�
�
Vertical extent of algal dis�tribu�tion�
into hypolimnium (bottom wa�ters) in thermally strati�fied wa�terbodies�
usually only in surface wa�ters�
�
Aquatic plant growth in shal�low shoreline area (littoral zone)�
can be sparse or abundant; if present, usually consists of sub�merged and emergent vege�ta�tion�
often abundant; usually an in�crease in the presence of fila�men�tous algae and a de�crease in macrophytes�
�
Daily migration of algae�
extensive�
limited�
�
Some characteristics of al�gal groups�
Green algae: Desmids, Staura�strum





Diatoms: Tabellaria, Cy�clotella


Golden-brown algae: Dino�bryon�
Blue-green algae: An�abaena, Aphanizomenon, Microcystis, Oscillatoria


Diatoms: Melosira, Fragi�laria, Stephanodiscus, Aste�rionella�
�
�
Wetzel (1983)


Characteristics of Common Major Algal Associations of the Phytoplankton in Relation to Increas�ing Lake Fertility


General


Lake Trophy�
Water


Characteristics�



Dominant Algae�
Other Commonly Occurring Algae�
�
Oligotrophic�
Slightly acidic; very low


   salinity�
Desmids Staurodesmus,


   Staurastrum�
Sphaerocystis, Gloeocystis,


   Rhizosolenia, Tabellaria�
�
Oligotrophic�
Neutral to slightly


   alkaline; nutrient-poor


   lakes�
Diatoms, especially


   Cyclotella and Tabellaria�
Some Asterionella spp.,


   some Melosira spp.,


   Dinobryon�
�
Oligotrophic�
Neutral to slightly


   alkaline; nutrient-poor


   lakes or more


   productive lakes at


   seasons of nutrient


   reduc�tion�
Chrysophycean algae,


   especially Dinobryon,


   some Mallomonas�
Other chrysophyceans, e.g.,


   Synura, Uroglena; diatom


   Tabellaria�
�
Oligotrophic�
Neutral to slightly


   alkaline; nutrient-poor


   lakes�
Chlorococcal Oocystis or


   chrysophycean


   Botryoccocus�
Oligotrophic diatoms�
�
Oligotrophic�
Neutral to slightly


   alkaline; generally


   nutrient poor; common


   in shallow Arctic lakes�
Dinoflagellates, especially


   some Peridinium and


   Ceratium spp.�
Small chrysophytes,


   cryptophytes, and diatoms�
�
Mesotrophic or


   Eutrophic�
Neutral to slightly


   alkaline; annual


   dominants or in


   eutrophic lakes at


   certain seasons�
Dinoflagellates, some


   Peridinium and


   Ceratium spp.�
Glenodinium and many


   other algae�
�
Eutrophic�
Usually alkaline lakes


   with nutrient


   enrichment�
Diatoms much of year,


   especially Asterionella


   spp., Fragilaria


   crotonensis, Synedra,


   Stephanodiscus, and


   Melosira granulata�
Many other algae, especially


   greens and blue-greens


   during warmer periods of


   year; desmids if dissolved


   organic matter is fairly


   high�
�
Eutrophic�
Usually alkaline; nutrient


   enriched; common in


   warmer periods of


   temperate lakes or


   perennially in enriched


   tropical lakes�
Blue-green algae,


   especially Anacystis


   ( = Microcystis),


   Aphanizomenon,


   Anabaena�
Other blue-green algae;


   euglenophytes if


   organically enriched or


   polluted�
�
�
The Blue-Green Algae  (Cyanobacteria)





Introduction and Uniqueness


The algae are the simplest members of the plant kingdom, and the blue-green algae are the simplest of the algae.  They have a considerable and increasing economic impor�tance; they have both beneficial and harmful effects on human life.  Blue-greens are not true algae.  They have no nucleus, the structure that encloses the DNA, and no chloro�plast, the structure that encloses the photosyn�thetic membranes, the structures that are evident in photosynthetic true algae.  Infact blue-greens are more akin to bacteria which have similar biochemical and struc�tural characteris�tics.  The process of nitrogen fixation and the occur�rence of gas vesicles are especially important to the success of nuisance spe�cies of blue-greens.  The blue-greens are widely distributed over land and water, often in environments where no other vegetation can ex�ist.  Their fossils have been identified as over three billion years old.  They were probably the chief pri�mary producers of or�ganic matter and the first organisms to release elemental oxygen, O2, into the primi�tive atmos�phere, which was until then free from O2.  Thus blue-greens were most probably respon�sible for a major evolutionary transformation leading to the development of aerobic me�tabolism and to the subse�quent rise of higher plant and animal forms.  They are referred to in literature by various names, chief among which are Cyanophyta, Myxophyta, Cya�nochloronta, Cyanobacteria, blue-green algae, blue-green bacteria.





The majority of blue-greens are aerobic photoautotrophs: their life processes require only oxy�gen, light and inorganic substances.  A species of Oscillatoria that is found in mud at the bot�tom of the Thames, are able to live anaerobically.  They can live in ex�tremes of temperatures -60oC to 85oC, and a few species are halophilic or salt tolerant (as high as 27%, for comparison, conc. of salt in seawater is 3%).  Blue-greens can grow in full sunlight and in almost complete dark�ness.  They are often the first plants to colonize bare areas of rock and soil, as an example sub�sequent to cataclysmic volcanic explosion (at Krakatoa, Indonesia in 1883).  Unlike more ad�vanced organisms, these need no sub�stances that have been preformed by other organisms.





At the onset of nitrogen limitation during bloom conditions, certain cells in Anabaena and Aphani�zomenon evolve into het�erocysts, which convert nitrogen gas into ammonium, which is then distributed to the neighboring cells of a filament.  In addition, blue-greens that form symbiotic (mutually beneficial) re�lationships with a wide range of other life forms, can convert nitrogen gas into ammonium.





Finally, at the onset of adverse envi�ronmental conditions, some blue-greens can de�velop a modified cell, called an aki�nete.  Akinetes contain large reserves of carbohydrates, and owing to their density and lack of gas vesicles, eventually settle to the lake bottom.  They can tolerate ad�verse conditions such as the complete drying of a pond or the cold win�ter temperatures, and, as a consequence, akinetes serve as "seeds" for the growth of juvenile filaments when favorable condi�tions return.  Heterocysts and akinetes are unique to the blue-greens.





Blue-greens in freshwater lakes


Unicellular and filamentous blue-greens are almost invariably present in freshwater lakes fre�quently forming dense planktonic populations or water blooms in eutrophic (nutrient rich) wa�ters.  In temperate lakes there is a characteristic seasonal succession of the bloom-forming species, due apparently to their differing responses to the physical-chemical conditions created by ther�mal stratification.  Usually the filamentous forms (Anabaena species, Aphanizomenon flos-aquae and  Gloeotrichia echinulata) de�velop first soon after the onset of stratification in late spring or early summer, while the unicellu�lar-colo�nial forms (like Microcystis species) typically bloom in mid-summer or in autumn.  The main factors which appear to determine the development of planktonic populations are light, temperature, pH, nutrient concentrations and the presence of organic solutes.


�
Nuisance/Noxious Conditions


The formation of water blooms results from the redistribution and often rapid accu�mulation of buoyant planktonic populations.  When such populations are subjected to suboptimal conditions, they re�spond by increasing their buoyancy and move upward nearer to the water surface.  Wa�ter turbulence usually prevents them reaching the surface.  If, however, turbulence suddenly weakens on a calm summer day, the buoyant population may 'over-float' and may become lodged right at the water surface.  There the cells are ex�posed to most unfavourable and dan�gerous conditions, like O2 supersaturation, rapidly dimin�ishing CO2 concentrations and intense solar radiation, which are inhibitory to pho�tosynthesis and N2-fixation, causing photo-oxidation of pigments and inflicting ir�revers�ible damage to the genetic constitu�tion of cells.  A frequent outcome of surface bloom for�ma�tion is massive cell lysis and rapid disintegration of large planktonic populations.  This is closely followed by an equally rapid increase in bacterial num�bers, and in turn by a fast de�oxy�genation of surface waters which could be detrimental to ani�mal popula�tions within the lake.  Water blooms are objectionable for recreational activities, and more im�portantly, create great nui�sance in the management of water reservoirs.





Most of these conditions are produced by just three blue-greens, informally referred to as Annie (Anabaena flos-aquae), Fannie (Aphanizomenon flos-aquae) and Mike (Microcystis aeroginosa).  An oversupply of nutrients, especially phosphorus and possibly nitrogen, will often result in ex�cessive growth of blue-greens because they possess certain adaptations that enable them to outcompete true algae.  Per�haps the most important ad�aptation is their positive buoyancy, which is regulated by their gas vesicles which are ab�sent in true algae.





Benefits


Their reputation as "nuisance" or "noxious" is totally undeserved.  While periodic blooms are con�sidered a nuisance in recreational lakes and water supply reservoirs of North America, the near continu�ous blooms of blue-greens in some tropical lakes are a valuable source of food for humans.  Some blue-green species make major contribu�tions to the world food supply by natu�rally fertilizing soils and rice paddies.  R.N. Singh of the Banares Hindu University in India has shown that the introduction of blue-green al�gae to saline and alkaline soils in the state of Uttar Pradesh increases the soils' content of nitrogen and organic matter and also their capacity for holding water.  This treatment has enabled formerly barren soils to grow crops.  Astushi Watanabe of the University of To�kyo found the in�troduction of Tolypothrix tenuis resulted in a 20% increase of rice crop.  W.E. Booth of the University of Kansas showed through experiments in Kansas, Okla�homa and Texas, that a coating of blue-greens on prairie soil binds the parti�cles of the soil to their mucilage coating, maintains a high water content and re�duces erosion.





Humans also consume Spirulina.  It contains all of the amino acids essential for hu�mans, and its protein content is high (+ 60%).  It is a staple food in parts of Africa and Mexico.  In China, Tai�wan and Japan, several blue-greens are served as a side dish and a delicacy.  Several areas in North America cul�ture and commercially process certain blue-greens for various food and me�dicinal products such as vita�mins, drug compounds, and growth factors.





Heterocystous blue-greens possess the unique ability to simultaneously evolve O2 in photo�syn�thesis (in vegetative cells) and H2 by nitrogenase catalyzed electron transfer to H+-ions (in het�erocysts), in the absence of N2 or other substrates of nitrogenase.  This is the basis for the at�tempts of several workers to exploit the potential through the develop�ment of a `biophotolytic system' for solar energy conversion, even though to date the thermodynamic efficiency has been disappointingly low.





Nevertheless, the utilization of blue-greens in food production and in solar energy conversion may hold immense potential for the future, and could be exploited for man's economy.  Prog�ress in the study of the genetics of blue-greens may enable us to manipu�late the N2-fixa�tion (nif) and associated genes, and produce strains which fix N2, evolve H2 or release ammonia with great efficiency.





Poisonous Conditions


Poisonous blue-greens occur in ponds and lakes throughout the world.  In Canada, they pri�mar�ily occur in the prairie provinces.  Poisoning has caused the death of cows, dogs, and other ani�mals.  Al�though humans ordinarily avoid drinking water that displays a blue-green bloom or scum, they may be af�fected by toxic strains when they swim or ski in recreational water bodies during a bloom.  Typical symp�toms include redness of the skin and itching around the eyes; sore, red throat; headache; diarrhea; vomit�ing; and nausea.  The frequently occurring `swimmers itch' is attributed to contact with Lyngbya majus�cula, Schizothrix calcicola and Oscillatoria nigroviridis, which are commonly found in tropical and sub�tropical seawaters.  The toxins re�sponsible are lipid-soluble phenolic compounds.  Since the same or similar symptoms can be pro�duced by bacteria or viruses, one should not necessarily conclude that blue-greens are responsible for a human illness simply be�cause the sick in�dividual recently swam in a lake or pond that has suffered a bloom.  Hu�man death has not been docu�mented.  Reported cases affecting hu�mans list Anabaena as the main culprit.  





Most of the recorded toxic blooms are caused by Microcystis aeruginosa, which manufac�tures "microcystin", which yields 7 (or 14) amino acids upon hydrolysis.  It causes enlargement and congestion of the liver followed by necrosis and haemorrhage, and may also exhibit neurotoxic activity.  But many toxic blooms are also pro�duced by either Anabaena flos-aquae (manufactures "anatoxins") or Aphani�zomenon flos-aquae (manufactures "aphantoxins").  Alka�loid toxins (anatoxins, aphantoxins) act on the nerv�ous system, lead�ing to paralysis of muscles needed for breathing.  Two other genera, Os�cillatoria and Nodularia are also known to produce toxic popu�lations.  Whether the ani�mal survives the poisoning de�pends primarily upon the concentration of toxin ingested.  Blue-green toxins may act on zooplankton and might be an ef�fective mechanism of pro�tection against grazing pressures.





Little is known about the percent of blooms that are toxic (upto 25% quoted in lit�erature), and also why a toxic population is produced.  A complicating factor is that part of a bloom can be toxic and another part nontoxic within the same lake.  It has been sug�gested that toxic strains may develop only under a particular set of environmental condi�tions, or that toxin production may be associated with plasmid-medi�ated gene transfer.
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Appendix B—Prediction of Lake Capacity/Lake Use/Primary Production
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Bioassessment of Freshwaters using Benthic Macroinvertebrates- A Primer


