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Phytoplankton and water quality….

Here is the list of publications I found during my search, about phytoplankton, water quality index, biological indicators, etc. Some are less linked to the subject, but I give here the complete list, I will continue to work on it, select relevant ones and add more references.

If you have an end-note references list, send it to me (celine.duhamel@jrc.it), I will complete this list and update the CHARM web-page. 

Abdalla, R.R., Zaghloul, F.A. & Hussein, N.R. (1995) A statistical modelling of phytoplankton eutrophication in the Eastern Harbour, Alexandria, Egypt. Bull Natl Inst Oceanogr Fish Egypt, 21, 125-146.M (Marine)

Phytoplankton ; Eutrophication ; Rhizosolenia fragilissima; Rhizosolenia delicalula; Skeletonema costatum; MED, Egypt, Arab Rep., Alexandria

community composition; statistical models

Mediterranean (MED)

The Eastern Harbour of Alexandria, Egypt, is a shallow semiclosed basin which receives a constant high input of sewage effluent showing an eutrophication phenomena. The harbour is characterized by high nutrient load particularly phosphate, nitrate and ammonia. Its oxygen content shows a wide variation between surface and near bottom water layer. The amounts of dissolved organic matter and suspended particles are also high. As a result of excessive nutrient impact, the harbour sustained high density of phytoplankton attaining an average of 4.1 x 10 super(6) unit/l at surface layer. The community was characterized by the dominance of eutrophication tolerant algal species such as Skeletonema costatum, Rhizosolenia fragilissima and R. delicalula. For over all analysis of eutrophication phenomenon in the Eastern Harbour, a statistical regression model describing the dependence of phytoplankton standing crop on the level of the most important environmental factor was established and discussed.

Admiraal, W., Barranguet, C., Van Beusekom, S.A.M., Bleeker, E.A.J., Van den Ende, F.P., Van der Geest, H.G., Groenendijk, D., Ivorra, N., Kraak, M.H.S. & Stuijfzand, S.C. (2000) Linking ecological and ecotoxicological techniques to support river rehabilitation. Chemosphere, 41, 289-295.

Aquatic ecosystems; Pollution monitoring; Reviews ; Freshwater pollution; Literature reviews; Toxicity tests; Pollution tolerance; Mutagens ; Biodegradation ; Biological development; Genetic abnormalities; Pollution effects; Analytical techniques; Ecosystem management; Environment management; Aquatic organisms; Restoration ; Rivers ; Environmental restoration; Biota ; Toxicants ; Community composition; ecotoxicology

Human activities in river catchments interfere with natural fluxes of water and materials. Diffuse inputs and point-sources of toxicants have modified the ecological state of riverine communities considerably, and sanitation schemes are now under development for various rivers. To improve analysis, monitoring and prospecting the role of toxicants in river ecosystems a review of the available methods is undertaken. Ecotoxicological techniques are discussed in relation to basic ecological principles that are thought to regulate the functioning of communities. The response to toxicants among species is highly diverse and therefore the choice of test species (e.g. of typical riverine insects as caddisflies or mayflies) is critical, as it is the use of test-batteries. Long-term exposure may lead to developmental disturbances that may be assessed through morphometric techniques like analysis of asymmetry. Multi-generation exposure, although rarely studied, provides a useful insight into the genetic consequences of pollution. Selection for tolerant species or varieties has been experimentally assessed for smaller organisms such as insects, micro-algae, and bacteria. There is also perspective for multivariate analysis of species distribution in relation to pollutant exposure. Furthermore, a system approach to benthic ecology and sediment testing is needed. Such an approach reflects the strong linkage of ecological and ecotoxicological processes. Toxicants are transformed by biological activity; in some cases this alleviates toxicant stress, but in other cases degradation products are toxic as well. The risk of transformation to mutagenic products in the environment is indicated. The re-assessment of some of the classical ecotoxicological techniques is needed to adequately fulfil the needs of ecological recovery programs. To this purpose integration of ecotoxicological and ecological tools is needed.

Ahner, B.A., Price, N.M. & Morel, F.M.M. (1994) Phytochelatin production by marine phytoplankton at low free metal ion concentrations: Laboratory studies and field data from Massachusetts Bay. Proc. Natl. Acad. Sci. USA, 91, 8433-8436.M (Marine)

phytoplankton ; Thalassiosira weissflogii; chelatin ; USA, Massachusetts Bay; metals ; metal binding protein; pytochelatin ; chelates ; bioaccumulation ; proteins ; heavy metals; cadmium ; plant physiology; ANW, USA, Massachusetts, Massachusetts Bay; organometallic compounds; Bacillariophyceae ; pollution indicators; indicator species

Atlantic Northwest (ANW)

Phytochelatins are small metal-binding polypeptides synthesized by algae in response to high metal concentrations. Using a very sensitive HPLC method, we have quantified phytochelatins from phytoplankton in laboratory cultures at environmentally relevant metal concentrations and in marine field samples. Intracellular concentrations of phytochelatin, in the diatom Thalassiosira weissflogii, exhibit a distinct dose-response relation with free Cd super(2+) concentration in the medium--not with total Cd super(2+)--and are detectable even when the free Cd super(2+) concentration is less than 1 pM. In Massachusetts Bay, phytochelatin levels (normalized to chlorophyll a) in the particulate fraction are similar to those measured in laboratory cultures exposed to picomolar free Cd super(2+) concentrations and exhibit a decreasing seaward trend. Incubations of natural samples with added Cd super(2+) confirmed the induction of the peptides by this metal. Ambient phytochelatin concentrations thus appear to provide a measure of the metal stress resulting from the complex mixture of trace metals and chelators in natural waters.

Aksnes, D.L., Ulvestad, K.B., Balino, B.M., Berntsen, J., Egge, J.K. & Svendsen, E. (1995) Ecological modelling in coastal waters: Towards predictive physical-chemical-biological simulation models. Ophelia, 41, 5-36.M (Marine)

models ; phytoplankton ; coastal waters; nutrients mineral; algal blooms; environment management; algae ; ANE, North Sea Atlantic Northeast (ANE)

A simple, but general, simulation model is specified according to the state-of-the-art within phytoplankton modelling: Process representations are based upon prevailing theoretical and empirical representations given in the literature, and a set of earlier published values of model coefficients that have demonstrated good fit to reliable observations was selected. The emerging phytoplankton model was then validated against data obtained from enclosure experiments with light, N, and P limitations. We applied no tuning of the coefficients as the purpose of this test was to estimate the predictive power of the proposed model. The general standard deviations between model predictions and observations were on the range 0.04-0.36 and 0.13-0.42 for the nutrient and phytoplankton state variables respectively. Not surprisingly, these values are higher than those obtained in tuned simulations. Nevertheless, several characteristics, such as the balance between diatoms and flagellates, were predicted by the model. The phytoplankton model was set up and driven by a 3-dimensional physical model for the North Sea. The period February-June 1988 was simulated and forced with realistic topography, meteorological data, riverine freshwater and nutrient input. Simulated developments in nutrients, diatoms and flagellates are presented with references to actual observations and the Chrysochromulina polylepis bloom in 1988. Several important characteristics, such as the timing of two diatom blooms in March and April and one flagellate bloom in May together with vertical and horizontal distributions of nutrients, were simulated without tuning of the model to the actual observations. The present simulations support the general idea that flagellates in the coastal areas of the North Sea are stimulated by anthropogenic nutrients, but more specifically that a strong flagellate bloom in the Kattegat-Skagerrak area, corresponding to the C. polylepis bloom, was stimulated by such nutrients in May 1988. Although the model should be improved before it is applied in a management context, the great potential of using such models in environmental management is demonstrated.

Anderson, N.J. & Rippey, B. (1994) Monitoring lake recovery from point-source eutrophication: The use of diatom-inferred epilimnetic total phosphorus and sediment chemistry. Freshwat. Biol., 32, 625-639.F (Freshwater)

eutrophication ; indicator species; phosphorus ; sediment chemistry; cores ; Bacillariophyceae ; British Isles, Northern Ireland, Tyrone, Augher L.; lake reclamation; pollution control

Diatom and geochemical responses to reduced nutrient loading were followed in a small, monomictic eutrophic lake in Northern Ireland by use of short sediment cores taken c. 15 years after redirection of creamery waste away from the lake. Epilimnetic total phosphorus (TP) concentrations were estimated for the period 1850-1990 using weighted averaging regression and calibration. Background TP levels, inferred using the diatom model, were c. 35 mu g TP l super(-1) and increased to > 140 mu g TP l super(-1) in the late 1960s to early 1970s. Total P concentrations dropped to 80 mu g TP l super(-1) within 5 years of waste diversion (c. 1978-79), but varied between 1980 and 1990 (range 70-140 mu g TP l super(-1)). Diatom-inferred TP concentrations were compared with monitored data where available, and the diatom model tended to overestimate TP concentrations by about 25 mu g TP l super(-1). Possible reasons for this are discussed.

Anneville, O. & Pelletier, J.P. (2000) Recovery of Lake Geneva from eutrophication: Quantitative response of phytoplankton. Arch Hydrobiol, 148, 607-624.F (Freshwater)

Eutrophication ; Phosphorus ; Primary production; Biomass ; Long term changes; Europe, Geneva L. phytoplankton ; chlorophylls ; seasonal variations; nannoplankton

During the seventies Lake Geneva (Switzerland-France) became eutrophic. Measures to reduce phosphorus inputs into the lake have been successful as the concentration of phosphorus has progressively decreased since 1981. This paper describes the long-term quantitative response of phytoplankton (primary production, total phytoplankton biomass, and chlorophyll-a) with regard to the decline in soluble reactive phosphorus (SRP) concentration. The annual means of phytoplankton parameters do not show the expected decrease. The long-term trends of annual means appeared to be the resultant of compensating trends which occurred in each season. SRP concentrations indicate that phytoplankton may be phosphorus limited only during summer which appears to be the most appropriate season to study the quantitative response of phytoplankton. From 1981 to 1992, the summer algal biomass and chlorophyll-a have been correlated to the late winter concentration of SRP. However, in the recent years, algal biomass and chlorophyll-a increased while phosphorus remained at low concentrations. This paradoxal increase in total biomass was due to the accumulation of inedible filamentous algae. The observed resilience of phytoplankton is a problem in terms of lake management. These results stress the importance of an appropriate time scale study and bring back into question the use of parameters such as primary production, total phytoplankton biomass, and chlorophyll-a for lake management.

Bachelet, G., de Montaudouin, X., Auby, I. & Labourg, P.-J. Seasonal changes in macrophyte and macrozoobenthos assemblages in three coastal lagoons under varying degrees of eutrophication. ICES Journal of Marine Science, Vol. 57, pp. 1495-1506.  

coastal lagoons, eutrophication, macrophytes, macrozoobenthos

The dynamics of macrophytic and macrozoobenthic communities were studied during two consecutive years in three French lagoons with differing degrees of eutrophication: 

(1) Arcachon Bay, a macrotidal lagoon on the Atlantic coast; 

(2) the fishponds of Certes, an almost enclosed system adjacent to Arcachon Bay; and

(3) the Etang du Prévost, a highly eutrophic Mediterranean lagoon experiencing summer dystrophic crises. Two stations were sampled seasonally in each system.

 The intertidal area of Arcachon Bay was covered by a dense, stable seagrass (Zostera noltii) bed. In terms of abundance, macrofauna were dominated by oligochaetes, which could be related to the high below-ground plant biomass, including slow-decaying debris; faunal biomass remained relatively constant, throughout the study period. In the Certes lagoons, which were intermediate between the other two systems in terms of eutrophication, vegetation was dominated by another rooted phanerogam (Ruppia cirrhosa) with fairly constant biomass, while sporadic development of green macroalgae occurred in spring; both biomass and species richness of macrofauna were low. In the Prévost lagoon, macrophytes were opportunistic macroalgae that first proliferated and then disappeared over a short period in summer; this seasonal crisis resulted in a marked decrease in both biomass and abundance of macrozoobenthos. Macrobenthic dominance shifted after the first summer from suspension-feeding bivalves to subsurface deposit-feeding annelids. The differences in structure and seasonal dynamics of benthos in the three systems may have significant effects on higher trophic levels.

Bak, M., Wawrzyniak-Wydrowska & Witkowski, A. (2001) Odra river discharge as a factor affecting species composition of the Szczecin Lagoon diatom flora, Poland. In Lange-Bertalot-Festschrift. Studies on diatoms. (Jahn, R., et al. eds.), pp. 491-506. A.R.G. Gartner Verlag K.G., Ruggell.Saprobiensystem, Indikator

Bakker, C. & Vink, M. (1994) Nutrient Concentrations and Planktonic Diatom-Flagellate Relations in the Oosterschelde (SW Netherlands) During and After the Construction of a Storm-Surge Barrier. Hydrobiologia, 283, 101-116.

Diatom biomass decreased but flagellate biomass increased during summer after decrease in Si and N since 1987 in the Oosterschelde. The inflow of Rhine water into the Oosterschelde was strongly reduced from 1987 onwards. This caused the winter concentrations of silicate and nitrate to decrease in the Eastern compartment, while those in the deeper Western compartment, more dependent on North Sea concentrations, hardly changed. The result was a levelling of the former East-West gradients for these nutrients. In East, summer concentrations of nitrate reached limiting levels in the post-barrier period and molar nitrate/ammonium ratios became < 1, indicating that any release of nitrogen must be important to stimulate phytoplankton growth in this area. Silicate summer concentrations in East, on the other hand, were higher in the new situation. In West, differences in summer nutrient concentrations between the old and new situation were smaller than in East, due to the still continuing exchange with the North Sea. Phytoplankton diatoms and flagellates In East during summer, N-depletion and longer residence times caused the phytoplankton to become strongly dependent on nutrient regeneration processes and increased zooplankton grazing. Average diatom biomass declined, but flagellate biomass rose during summer. Spring conditions for phytoplankton development in this area improved due to the increased water transparency, nutrients being present in excess, and this resulted in a higher 'new' production of diatoms than before. In West, summer biomass of diatoms decreased, probably due to increased consumption by mussels under conditions of longer residence times; nutrients were not limiting, due to important benthic mineralization processes and exchange with the North Sea. The previously existing West-East biomass gradients disappeared, or sometimes reversed. Experimental (mesocosm studies) as well as field data, reported in the literature, give evidence for the given explanations.

Balino, B.M. (1996) Eutrophication of the North Sea, 1980-1990: An evaluation of anthropogenic nutrient inputs using a 2D phytoplankton production model In 1996. ANE, North Sea; eutrophication ; anthropogenic factors; phytoplankton ; primary production; nutrient cycles; mathematical models

Atlantic Northeast (ANE)

Although the North Sea is one of the most studied areas in the world, the human impact upon its ecosystem has only been moderately assessed. In particular, claims about the extent of eutrophication of the North Sea, as a consequence of the increase in anthropogenic nutrient inputs to coastal areas in the past decades, have been a topic of debate. The consequences of eutrophication in coastal and offshore waters are by no means straightforward, due in part to anthropogenic effects on the ecosystem being superimposed on natural variability. These factors limit the value of traditional sampling and monitoring activities to establish cause-consequence relationships in eutrophication related problems. Thus, in order to evaluate the effects of nutrient loads due to human activities, the natural variability of the system has to be determined and one way to approach this task is by using mathematical models. By realistically modelling the anthropogenic influences and the mechanisms behind natural variability, an assessment of human impact upon the ecosystem can thus be provided.

Barbini, R., Colao, F., Fantoni, R., Palucci, A. & Ribezzo, S. (1999) Shipborne laser remote sensing of the Venice Lagoon. International Journal of Remote Sensing [Int J Remote Sens], 20, 2405-2421.B (Brackish)

Italy, Venice Lagoon; Lasers ; Remote Sensing; Maps ; Lagoons ; Monitoring ; Water Quality; Fluorescence ; Wavelengths ; Pollutant Identification; Chlorophyll ; Pollution monitoring; Industrial wastes; Chemical pollutants; Chlorophylls ; Gelbstoff ; Suspended particulate matter; Lidar ; Shipboard analysis; Coastal lagoons; MED, Italy, Venezia, Veneta Lagoon; MED, Aegean Sea Mediterranean (MED)

A complex active remote sensing system has been used on board a small ship to extensively monitor the water quality of the Venice Lagoon and nearby open sea. The system was composed of an UV lidar fluorosensor directly pointing to the sea surface and a laser fluorometer monitoring the water inside a cell continuously filled by a pump from a water depth of 1 m. During the cruise, both apparata were collecting data in parallel. Laser-Induced Fluorescence (LIF) signals at selected wavelengths were acquired to monitor distributions of the different species. DOM and chlorophyll features were detected by the lidar fluorosensor upon excitation at member of = 355 nm, while organic pollutants and oils were scanned in the fluorometer cell by laser emitting at member of = 266 nm. In both cases, the accompanying water Raman signal was collected and used for normalizing spectral intensities. Absolute concentrations of different species were obtained off-line, when possible, by calibrating LIF intensities against analytical chemical findings on a number of water samples. Distributions of several substances, including industrial pollutants (oils and aromatic molecules), anthropogenic releases (yellow matter, suspended particles) and chlorophyll from phytoplankton were obtained along the ship route. A differential GPS instrument installed on board was used to georeference LIF data precisely, in order to produce thematic maps of the investigated areas.

Barillari, A., Bianchi, F., Boldrin, A., Cioce, F., Comaschi Scaramuzza, A., Rabitti, S. & Socal, G. (1985) Variations in hydrological parameters, particulates and plankton biomass during a tidal cycle in the Lagoon of Venice. In ATTI DEL 6 degree CONGRESSO DELLA ASSOCIAZIONE ITALIANA DI OCEANOLOGIA E LIMNOLOGIA, LIVORNO 12 14 APRILE 1984. (Cinelli, F. & Fabiano, M. eds.), pp. 227-234.M (Marine); B (Brackish)

tidal cycle; hydrology ; plankton ; suspended load; Italy, Venice Lagoon; phytoplankton ; lagoons ; biomass ; MED, Venice Lagoon

Mediterranean (MED)

Hydrological features, suspended matter, phytoplankton and zooplankton were taken in consideration as a function of time in a tidal cycle. Oxygen saturation ranged between 75% and 125%, in relation to biological processes. The suspended matter trend showed an irregular pattern, with highest values near the bottom, probably due to resuspended sediment. Phytoplankton abundance (inversely correlated with salinity) varied from 10 6 to 73 x 10 6 cells/l. The community was dominated (80-99%) by diatoms (Pennales). The zooplankton standing crop (range 206-1050 ind/m 3) was positively correlated with salinity. Copepods were the most abundant group.

Battarbee, R.W., Flower, R.J., Juggins, S., Patrick, S.T. & Stevenson, A.C. (1997) The relationship between diatoms and surface water quality in the Hoeylandet area of Nord-Troendelag, Norway. Hydrobiologia, 348, 69-80.F (Freshwater)

Norway, Nord Troendelag; Hydrogen Ion Concentration; Diatoms ; Surface Water; Water Quality; Multivariate Analysis; Acidification ; Color ; Control Systems; Sensitivity Analysis; Community composition; Water colour; pH effects; Chemical limnology; Lakes ; Rivers ; Phytoplankton ; streams ; Norway ; Norway ; pH ; Bacillariophyceae ; Norway, Nord Troendelag, Hoeylandet

Although the ecological effects of surface water acidification are now well researched, factors controlling the abundance and occurrence of aquatic organisms in unpolluted acid-sensitive systems are poorly known. The Hoeylandet region in central Norway experiences relatively low levels of atmospheric pollution and its surface waters, although acid, are not significantly acidified. Hence lakes and streams in this region were selected to study the influence of water chemistry on diatom algae. Relationships between the two were explored using the multivariate technique of canonical correspondence analysis (CCA). The principal water chemistry variables influencing species composition of periphytic diatoms were found to be pH and water colour. Furthermore, the relationship between species abundance and pH was sufficiently strong to enable reconstruction of water acidity from diatom data. Establishing the nature of aquatic communities in atmospherically clean but geologically sensitive regions is an important means of identifying control systems against which the recovery of acidified lakes in polluted regions can be assessed. The Hoeylandet region has the potential to provide a Europe-wide control system of this nature but much further work is required to follow up and extend the results of this preliminary study.

Baudoin, M.F. & Ravera, O. (1972) (Chlorophyll alpha and phaeophytin: their relationships with the concentrations of nitrogen and phosphorus in the seston of Lake Monate North Italy). Annales de Limnologie [Ann Limnol], 8, 1-10.F (Freshwater)

The absence of a correlation between dry weight and concentrations of chlorophyll, nitrogen and phosphorus is probably due to the presence of animal and mineral detritus in the nannoseston of Lake Monate. In spite of this, chlorophyll concentration gives an indication of the amount of phytoplankton in a body of water. The 3 peaks in chlorophyll concentration during the year (spring, summer and autumn) are due respectively to the following spp: Asterionella formosa, Ceratium hirundinella and Fragilaria crotonensis. The spring bloom is the most important and chlorophyll alpha concentration is more than 25 mg/m super(3) at a depth of 7m. The concentration of phaeopigments increases with depth and season (maximum in summer). It was possible to utilise the relationship suggested by Lorenzen (1970), and calculate the mean concentration of chlorophyll per metre from analyses of samples collected at given depths.

Bell, P.R.F. & Elmetri, I. (1995) Ecological indicators of large-scale eutrophication in the Great Barrier Reef lagoon. Ambio, 24, 208-215.M (Marine)

Australia, Great Barrier Reef; eutrophication ; lagoons ; indicator species; bioindicators ; algal growth; reefs ; corals ; ISEW, Australia, Queensland, Great Barrier Reef; coastal lagoons; agricultural runoff; pollution effects

Pacific Southwest (ISEW)

Studies in the Great Barrier Reef (GBR) lagoon near to Low Isles indicate that significant increases in phytoplankton concentrations have occurred over the past 65 years. The results show a change from a system characterized by both centric and pennate diatoms to one that is now dominated by pennate diatoms and small flagellates. Such changes in class structure are indicative of anthropogenic eutrophication, the most likely cause of which is runoff from agricultural development. The remote nature of Low Isles suggests that the eutrophication is a large-scale phenomenon and as such poses both direct, e.g. by algal overgrowth, and indirect, e.g. by promotion of crown of thorns starfish, threats to many reefs in the GBR. The lack of recovery of the shallow-water coral cover at Low Isles and at other locations is consistent with the hypothesis that large-scale eutrophication is already a significant problem in the GBR lagoon.

Bennion, H., Juggins, S. & Anderson, N.J. (1996) Predicting epilimnetic phosphorus concentrations using an improved diatom-based transfer function and its application to lake eutrophication management. Environ. Sci. Technol., 30, 2004-2007.F (Freshwater)

epilimnion ; diatoms ; water management; water quality management; eutrophication ; nutrients ; analytical techniques; bioassays ; eutrophic lakes; ecosystem management; water pollution; pollution control; water quality; pollution monitoring; nutrients mineral

nonaqueous phase liquids

A diatom transfer function based on data from 152 lakes in northwest Europe is derived using the technique of weighted-averaging partial least squares (WAPLS) and applied to Lake Sobygaard, a shallow, hypertrophic Danish lake, to infer past changes in epilimnetic total phosphorus (TP) concentrations since the 1930s. The results show that the two-component WAPLS model has low prediction errors (RMSEP = 0.21 log sub(10) TP units) and is applicable to lakes distributed throughout northwest Europe, covering a TP range 10-1000 mu g TP/L. The example shows how the method can provide an estimate of baseline conditions and rates of enrichment, allowing managers to set realistic targets for lake restoration.

Berthon, J.L., Devaux, J., Aleya, L., Giraudet, H. & Restituito, F. (1996) Impact of eutrophication in Grangent reservoir (Loire, France): Study of the nutrient loads, the dynamics of phytoplankton populations and phyto-zooplankton relations in 1990-1991. Hydroecol. Appl., 8, 99-125.F (Freshwater)

Reservoirs water; Eutrophication ; Algal blooms; Nitrogen ; Phosphorus ; Microcystis aeruginosa; Algae ; France, Rhone Alpes

phytoplankton ; zooplankton

In the framework of a multidisciplinary study of the eutrophication of Grangent reservoir (Loire, France), we focused in 1990-1991 on the biogeochemical balance of several chemical elements, most particularly phosphorus and nitrogen, the physico-chemical characteristics of the water column, the dynamics of phyto- and zooplankton populations, the coupling of development of the blue-green algae Microcystis aeruginosa (Ma.) and the N/P ratio. External nitrogen loads have three diffuse sources: leaching of ground covered with vegetation, chemical fertilizers and urban sewage. P-PO sub(4) supplies are point loads of urban origin. The evolution in the N/P ratio confirms this observation: it reaches very low values (2.5-5) at the end of the summer low-water period. Inflows of phosphorus were estimated at 159 tons per year (99 t for the Loire, 38 for the Ondaine and 22 for the Lizeron and Semene, affluents arriving directly in the reservoir). The outflow is 86 tons per year. Internal storage thus represent 73 tons for 1990. The N/P ratio measured in sedimented particulate matter varies around 2.3 (low). The organic matter produced in the reservoir contributes only slightly to the sedimentation flux, and the phosphorus is associated with mineral compounds. When the hypolimnion is oxygenated, sediment plays only a minor role in enriching the water column. The phosphorus in overlying waters is mainly organic. In the interstitial waters, P-PO sub(4) is relatively abundant, providing a potential source of bioavailable phosphorus in the case of anoxia. Because of this, however, it is not the decisive factor in Cyanobacteria blooms, as anoxia occurs only after their development. Any attempt to regenerate the reservoir by oxygenating the hypolimnion or injecting electron acceptor compounds in the sediment would therefore appear to be fruitless. At the confluence of the Ondaine, a high concentration of heavy metals is observed in the sediment, directly supplied by the river. In the upstream part of the reservoir, the water column is highly stratified in summer. In July, the extreme mineralization of deep waters indicates the degradation of sedimented organic matter. The development of phytoplankton blooms, the most evident sign of eutrophication, is directly dependent on external phosphorus and nitrogen loads. The appearance of M.a. blooms is the result of the drop in the N/P ratio below the threshold needed by alga (7). When it reaches values below 5, algae collapse, yielding to Cyanobacteria which accept a low N/P ratio. As soon as the ratio rises again in autumn, however, the algae reappear and M.a. regresses, no doubt due to the mixing of the water and because M.a. is a weak competitor. When M.a. develops, the energy content in the zooplankton biomass drops significantly. Mots animals refuse this Cyanobacteria as food. They survive by consuming the stores accumulated when the phytoplankton included algae, compensating for their partial fast. This results in a disruption of the entire trophic system and even in the disappearance of certain populations which, to survive, require the building up of large reserves before a specific period (e.g. to reproduce).

Bertonati, C.D., Dejak, C., Lalatta, I.M. & Pecenik, G. (1987) Eutrophication model of the Venice Lagoon: Statistical treatment of "in situ" measurements of phytoplankton growth parameters. Ecol. Model., 37, 103-130.M (Marine)

Italy, Venice Lagoon; eutrophication ; phytoplankton ; population growth; marine pollution; Venice ; lagoons ; mathematical models; MED, Venice Gulf Growth Mediterranean (MED)

A mathematical eutrophication model is proposed, which was obtained by combining a pre-existing three-dimensional model based on eddy-diffusive transport, embodying tidal agitation, and a "trophic dynamic reactor" interconnecting eight intensive physico-chemical and biological variables. Parameters included in the phytoplankton growth equations, K sub(N), K sub(p), mu sub(max), were obtained through several "in situ" investigations performed under varying lagoon conditions. Comparisons of results obtained with these methods permit delimitation of variability ranges of constants. Further, the values adopted in the model to stimulate trophic equilibria, reproduced real lagoon conditions.

Beusekom, J.E.E.v. & Weber, A. (1995) The influence of aluminium on the growth and development of diatoms in the North Sea In Actual problems of the marine environment. Lectures at the 5th International Scientific Symposium. AKTUELLE PROBLEME DER MEERESUMWELT. VORTRAEGE DES 5. INTERNATIONALEN WISSENSCHAFTLICHEN SYMPOSIUMS., pp. 213-220.M (Marine)

eutrophication ; pH

In a series of laboratory experiments, the uptake of dissolved aluminium by diatoms that regularly occur in the North Sea was investigated. Moreover, the influence of aluminium on the remineralisation rate of diatom frustules was studied. The laboratory experiments confirmed that aluminium is taken up by diatoms. This process can be described by a simple saturation curve. However, large interspecific differences exist in the amounts of aluminium and silicate taken up. Aluminium incorporation seems to be a general feature of (marine?) diatoms. Dissolution experiments with diatom frustules from laboratory cultures confirm the hypothesis that the Al/Si ratio in frustules determines the dissolution rate and the solubility. Observations by the BSH in the German Bight during winter have shown that from 1978 to 1990 the silicate concentrations have dropped by 50 % at a salinity of 33 ppt. This decrease must have its origin in the Dutch-German coastal zone and can be explained by a reduced remineralisation rate of biogenic silica. However, there are no time series that support the assumption that aluminium concentrations in the coastal zone have increased and thus have contributed to the observed decrease of dissolved silicate. Our field observations show that rivers are not a direct source of dissolved aluminium. Eutrophication is assumed to be the most important factor that can cause an increase of dissolved aluminium through (1) increased pH values, (2) increased organic loadings of sediments and suspended matter and subsequent anoxia or (3) a shift in the equilibrium between dissolved and particle-bound aluminium due to adsorption of organic matter.

Beusekom, J.v. abstract of conference but not publication; question whether phytoplankton is a useful indicator of Wadden Sea Eutrophication.

In co-operation with the Common Wadden Sea Secretariat a study was carried out to specify the trilateral Ecological Target "to achieve a Wadden Sea which can be regarded as a eutrophication non-problem Non-Problem area". The work was done in close co-operation with activities in the framework of the OSPAR Common Procedure through which the whole OSPAR Convention Area will be designated as either Non-Problem, Potential Problem or Problem Area with regard to eutrophication. The study consisted of the development of a conceptual model, the analysis of time series, a literature analysis of parameters with potential suitability as indicators of eutrophication and the application of suitable parameters to the Wadden Sea.

 In this talk an overview of the project will be given. Focus of the presentation will be the question whether phytoplankton is a useful indicator of Wadden Sea Eutrophication. It is suggested to base the assessment of the eutrophication status of the Wadden Sea on the autumn values of ammonium plus nitrite. Phytoplankton is less useful. Only in the Western Dutch Wadden Sea a relation between nutrient input and mean annual chlorophyll was found. A contrasting situation was observed in the Northfrisian Wadden Sea, where temperature has a dominating influence on the annual cycle of phytoplankton biomass.

Bittencourt, O. & Nascimento Moura, A. (2001) Influence of abiotic variables and polluting source in the structure of the phytoplankton community in the Tibagi River, Parana State, south Brazil. Archiv fur Hydrobiologie Supplementband Algological studies Stuttgart [Arch Hydrobiol Suppl Algol Stud], 137, 75-95.F (Freshwater)

Pollution effects; Abiotic factors; Phytoplankton ; Closterium ; Cosmarium ; Desmidium ; Micrasterias ; Staurastrum ; Scenedesmus ; Brazil, Parana, Tibagi R.

The numerous sources of pollutants along the Tibagi river, Parana State, south of Brazil, are responsible for water and sediment contamination through organic and inorganic chemicals. The present study correlates the phytoplanktonic community to abiotic variables and assesses the impact of effluents of a paper and cellulose industry on this ecosystem, by means of six collecting sites during two rainy and two dry seasons. A total of 202 taxa are recorded, of which 48.5% belong to Order Desmidiales, 25.0% to Class Bacillariophyceae, 10.0% to Order Chlorococcales and 16.5% to other groups (Euglenophyta, Cyanophyta, Chrysophyceae, Tribophyceae and Volvocales).

Breton, E., Brunet, C., Sautour, B. & Brylinski, J.M. (2000) Annual variations of phytoplankton biomass in the eastern English Channel: comparison by pigment signatures and microscopic counts. Journal of Plankton Research [J Plankton Res], 22, 1423-1440. 
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From November 1995 to July 1997, phytoplankton composition was followed fortnightly, microscopically as well as by pigment analysis, in the coastal and offshore waters of the eastern English Channel. By relating chlorophyll (Chl) c sub(3), peridinin and alloxanthin to biomass estimates of Phaeocystis sp., Dinophyceae and Cryptophyceae, respectively, it has been shown that these pigments are good quantitative markers of these classes. Fucoxanthin was quantitatively related to brown algae (sum of diatoms, Prymnesiophyceae, Raphidophyceae and Chrysophyceae) if the largest cells of diatoms (size >200 mu m) were not taken into account. On the other hand, no relationship was found between green algae and Chl b, perhaps due to uncertainties in the microscopic counts for cells of small size (<5 mu m) and/or with membranes of low visibility. While Prasinophyceae and Chrysophyceae were sometimes observed, prasinoxanthin and 19'-butanoyloxyfucoxanthin were never detected. Finally, Chl a did not always give a good estimation of the total phytoplankton biomass. Thus, during the spring bloom of Phaeocystis sp. (Prymnesiophyceae), total biomass was overestimated by pigment analysis with respect to microscopic counts, while during summer biomass was underestimated by pigment analysis.

Brooks, A.S., Warren, G.J., Boraas, M.E., Scale, D.B. & Edington, D.V. (1984) Long-term phytoplankton changes in Lake Michigan: Cultural eutrophication or biotic shifts In Congress in France 1983. Proceedings., pp. 452-459.F (Freshwater)
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Changes in the composition and abundance of phytoplankton populations in Lake Michigan over the past 50 years have been attributed to cultural eutrophication. Increasing number of cyanophytes have previously been linked to a rise in sodium in the lake. Experimental laboratory chemostat studies, conducted during all seasons with natural phytoplankton assemblages and limiting phosphorus conditens give no consistant indication of enhanced cyanophyte growth over a range of sodium concentrations from 3 to 10 mg multiplied by L super(-1). Mass balance calculations for slica indicate that depletion is not a viable hypothesis and that increased phosphorus loading has little effect on diatom production. The dramatic changes in diatom abundance between 1955 and 1972 can be linked to major shifts in two biotic factors in the lake. Before and during this time period there were rapid changes in fish populations due to the introduction of exotic species and equally dramatic changes in the structure of the zooplankton community due to size-selective predation.

Brown, C.W., Esaias, W.E. & Thompson, A.M. (1995) Predicting phytoplankton composition from space -- using the ratio of euphotic depth to mixed-layer depth: An evaluation. Remote Sens. Environ., 53, 172-176. 
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A technique to remotely characterize the taxonomic composition of phytoplankton would have application in several fields of environmental study. Satellite imagery available presently and in the near future will likely not be able to accomplish this, except in unique cases, using spectral methods. As an alternative approach, we empirically evaluated a technique that uses the ratio of euphotic depth (Z sub(eu)) to mixed-layer depth (Z sub(m)) as a parameter to predict the relative abundance of three major algal groups - diatoms, dinoflagellates, and coccolithophores - in the surface layer of the temperate North Atlantic and North Pacific Oceans. The ratio can be ascertained without in situ measurements; Z sub(eu) can be estimated from ocean color imagery, and Z sub(m) can be derived from hydrographic models. Diatoms were found to dominate the phytoplankton community, in terms of cell concentration, at stations possessing significantly greater values of the ratio Z sub(eu):Z sub(m) than those stations where dinoflagellates dominated. This is contrary to the generally accepted view that diatoms occupy less stratified water columns than dinoflagellates. The result, which may merely reflect the data set employed and as such requires further testing, could aid in classifying the phytoplankton on a regional basis. However, we conclude that the use of the ratio Z sub(eu):Z sub(m) is not likely to provide a general, nonspectral technique to characterize the taxonomic composition of phytoplankton.

Carli, A., Pane, L. & Romairone, V. (1994) A study of phytoplankton populations of the Riva Trigoso Bay (Gulf of Genoa) in relation to eutrophication features of the water In Final Reports on Research Profects Dealing with Eutrophication Problems.#Rapports Finaux Sur Les Profets De Recherche Traitant Des Problemes De L' Eutrophisation., pp. 27-35.M (Marine)
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Mediterranean (MED)

This study concerns the examination of phytoplankton populations and water eutrophication in the Riva Trigoso Bay (Gulf of Genoa). Samples were taken monthly from April 1988 to May 1989 at a fixed station; the phytoplankton study took place on an annual basis examining diatoms and dinoflagellates in particular; furthermore, the phytoplanktonic biomass and cell density were evaluated, and the water temperature, salinity and pH were measured. The study of seasonal variations of phytoplankton biomass and species composition has emphasized the oligotrophic characteristics of the Riva Trigoso Bay waters.

Cassin, J.M. (1978) Phytoplankton floristics of a Long Island embayment. M (Marine)
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Twenty-four stations in South Oyster Bay, Great South Bay, and adjacent New York Bight were monitored for phytoplankton taxonomic analysis, standing crop, biomass, diversity, and frequency determinations. The study noted 241 genera with 57 considered major elements of the flora from April through Oct 1972. Average standing crop of the estuarine area (1-.-612 x 10-SUP-6- cells/l) was greater than that of inshore stations. Biomass averaged 1-.-286 and 1-.-293 mg/l for embayment and inshore stations. Average diversity indices varied little in estuarine (1-.-245 bits/l) and inshore (1-.-365 bits/l) zones, even though populations were quite distinct. The use of diversity indices in judging estuarine water quality must be supported by other floristic data such as taxonomic distribution, standing crop and biomass.

Chang, S.K. (1995) Determination of toxic pollutants in water using a marine phytoplankton Dunaliella bioculata and Doppler laser velocimetry. Chem. Ecol., 10, 87-95.M (Marine)
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This paper reports an experimental study of the response of the unicellular flagellated algae Dunaliella bioculata to toxic pollutants in water using the 'Doppler laser velocimetry' method. The response to toxic pollutants was encouraging and indicates that D. bioculata is a good biological model for the detection of toxic pollutants in water.

Chapelle, A. & Paris, U. (1991) Modelling of a coastal marine ecosystem subject to eutrophication: The Bay of Vilaine (South Brittany). Phytoplankton and oxygen budget study. In Thesis (Doct., Oceanogr. Biol.).M (Marine)
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For many years the Bay Vilaine (South Brittany, France) has been affected by eutrophication. Discoloured waters, oxygen depletion in bottom waters occurred, sometimes being so drastic such as in July 1982 that several tons of fishes and invertebrates were killed due to anoxic conditions. This coastal ecosystem is studied using a box model simulating the nitrogen cycle, oxygen and salinity. The model takes into account river inputs and exchanges with the ocean. A phosphorus cycle simulation is then added to the model. The impact of various reductions of river nutrients on the chlorophyll concentration and on hypoxia in the Bay are then tested. Finally an hydrodynamical model, which computes tide- and wind-induced currents, is coupled with the biological model.

Cloern, J.E. (2001) Our evolving conceptual model of the coastal eutrophication problem. Marine Ecology Progress Series [Mar Ecol Prog Ser], 210, 223-253.M (Marine)
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A primary focus of coastal science during the past 3 decades has been the question: How does anthropogenic nutrient enrichment cause change in the structure or function of nearshore coastal ecosystems? This theme of environmental science is recent, so our conceptual model of the coastal eutrophication problem continues to change rapidly. In this review, I suggest that the early (Phase I) conceptual model was strongly influenced by limnologists, who began intense study of lake eutrophication by the 1960s. The Phase I model emphasized changing nutrient input as a signal, and responses to that signal as increased phytoplankton biomass and primary production, decomposition of phytoplankton-derived organic matter, and enhanced depletion of oxygen from bottom waters. Coastal research in recent decades has identified key differences in the responses of lakes and coastal-estuarine ecosystems to nutrient enrichment. The contemporary (Phase II) conceptual model reflects those differences and includes explicit recognition of (1) system-specific attributes that act as a filter to modulate the responses to enrichment (leading to large differences among estuarine-coastal systems in their sensitivity to nutrient enrichment); and (2) a complex suite of direct and indirect responses including linked changes in: water transparency, distribution of vascular plants and biomass of macroalgae, sediment biogeochemistry and nutrient cycling, nutrient ratios and their regulation of phytoplankton community composition, frequency of toxic/harmful algal blooms, habitat quality for metazoans, reproduction/growth/survival of pelagic and benthic invertebrates, and subtle changes such as shifts in the seasonality of ecosystem functions. Each aspect of the Phase II model is illustrated here with examples from coastal ecosystems around the world. In the last section of this review I present one vision of the next (Phase III) stage in the evolution of our conceptual model, organized around 5 questions that will guide coastal science in the early 21st century:

 (1) How do system-specific attributes constrain or amplify the responses of coastal ecosystems to nutrient enrichment? 

(2) How does nutrient enrichment interact with other stressors (toxic contaminants, fishing harvest, aquaculture, nonindigenous species, habitat loss, climate change, hydrologic manipulations) to change coastal ecosystems? 

(3) How are responses to multiple stressors linked?

 (4) How does human-induced change in the coastal zone impact the Earth system as habitat for humanity and other species? 

(5) How can a deeper scientific understanding of the coastal eutrophication problem be applied to develop tools for building strategies at ecosystem restoration or rehabilitation?

Costanzo, S.D., O'donohue, M.J. & Dennison, W.C. (2000) Gracilaria edulis (Rhodophyta) as a biological indicator of pulsed nutrients in oligotrophic waters. J. Phycol, 36, 680-685.
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The response of the marine macroalga Gracilaria edulis (Gmelin) Silva to nutrient pulses of varying magnitude was investigated to test its applicability as a marine bioindicator at two oligotrophic locations. After exposure to nutrient pulses, algal amino acid, tissue nitrogen, and chlorophyll a content were assessed relative to algae incubated under control conditions (no nutrient enrichment). The smallest nutrient pulse involved a nutrient enrichment experiment conducted within a coral atoll, whereas two larger pulses resulted from sewage discharge to a tropical coastal bay. After exposure to the smallest nutrient pulse (10 x ambient), only changes in macroalgal amino acid concentration and composition were detected (mainly as increases in citrulline). At 100 x ambient concentrations, increases in tissue % nitrogen of the macroalgae were detected, in addition to responses in amino acids. Macroalgae exposed to the highest nutrient pulse (1000 x ambient) responded with increased chlorophyll a, tissue nitrogen, and amino acids within the three day incubation period. In contrast to these algal responses, analytical water sampling techniques failed to detect elevated nutrients when nutrient pulses were not occurring. The responses of this algal bioindicator to variable nutrient pulses may provide a useful tool for investigating the source and geographical extent of nutrients entering oligotrophic coastal waters.

Cottingham, K.C. & Carpenter, S.R. (1998) Population, community, and ecosystem variates as ecological indicators: Phytoplankton responses to whole-lake enrichment. Ecological Applications [Ecol Appl], 8, 508-530.
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We quantified the reliability of phytoplankton population, community, and ecosystem variates as indicators of whole-lake enrichment. Variates with high sensitivity to perturbation and low background variability were assumed to be more reliable indicators than variates with low sensitivity or high variability. Our data set included weekly data in four lakes (three manipulated and one reference) during two pretreatment summers and two summers of enrichment. We determined background variability by evaluating change in each variate from year to year in the reference lake throughout the experiment and in each manipulated lake during the pretreatment period. We evaluated sensitivity to enrichment using the frequency of departure from expected conditions for each variate during the period of experimental enrichment. Using this information, we then (1) tested the expectation that species populations are more reliable indicators of perturbation than ecosystem variates (biomass, chlorophyll, and primary productivity), and (2) evaluated whether community variates (genera, taxonomic divisions, allometric variates, and community diversity) were reliable indicators of enrichment. Contrary to expectations from other perturbations, phytoplankton species populations were less reliable indicators of enrichment than community and ecosystem variates. Chlorophyll, species diversity, and species evenness were the most reliable indicators of enrichment: each changed significantly only during the first year of enrichment and only in the three enriched lakes. Simultaneous changes in multiple taxonomic divisions also signaled enrichment very reliably. In contrast, the frequency of significant changes in species populations differed little between the reference lake and the enriched lakes, even after experimental enrichment. Changes in species were difficult to detect reliably due to high background variability in all four lakes: most taxa were not present often enough during a single year to assess reliably whether they had increased or decreased compared to the previous years. Genera and allometric variates were also unreliable indicators due to high variability and moderate sensitivity, respectively. Reliable indicators of phytoplankton responses to enrichment were very different from reliable indicators of animal responses to toxic stressors, suggesting that it may be difficult to make generalizations regarding the use of population, community, and ecosystem variates as indicators of a wide array of perturbations.

Cottingham, K.L., Carpenter, S.R. & St. Amand, A.L. (1998) Responses of epilimnetic phytoplankton to experimental nutrient enrichment in three small seepage lakes. Journal of Plankton Research [J Plankton Res], 20, 1889-1914.
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This paper describes the responses of three epilimnetic phytoplankton communities to experimental nitrogen and phosphorus enrichment as compared to the phytoplankton community in a fourth, unmanipulated, lake. Increased nutrient inputs increased total phytoplankton biomass, primary productivity, chlorophytes, cryptomonads and species turnover rates in all three enriched lakes; cyanobacteria increased in two of the three enriched lake. However, nutrient addition also led to declines in previously dominant dinoflagellates and chrysophytes, and in species diversity. At the species level, there were large changes in community composition from year to year in both enriched and reference lakes, suggesting that phytoplankton community composition is highly dynamic even in the absence of enrichment. Overall, changes in total biomass, productivity and species diversity were consistent among the enriched lakes, while changes in species composition differed due to variation in the physical, chemical and biotic environment of each lake. This suggests that aggregated variates are more useful for quantitative prediction of nutrient effects, while species responses can be used to signal qualitative differences in environmental conditions among lakes.

Dale, V.H. & Beyeler, S.C. (2001) Challenges in the development and use of ecological indicators. Ecological Indicators, 1, 3-10.
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Ecological indicators can be used to assess the condition of the environment, to provide an early warning signal of changes in the environment, or to diagnose the cause of an environmental problem. Ideally the suite of indicators should represent key information about structure, function, and composition of the ecological system. Three concerns hamper the use of ecological indicators as a resource management tool. 

(1) Monitoring programs often depend on a small number of indicators and fail to consider the full complexity of the ecological system. 

(2) Choice of ecological indicators is confounded in management programs that have vague long-term goals and objectives.

 (3) Management and monitoring programs often lack scientific rigor because of their failure to use a defined protocol for identifying ecological indicators. 

Thus, ecological indicators need to capture the complexities of the ecosystem yet remain simple enough to be easily and routinely monitored. Ecological indicators should meet the following criteria: be easily measured, be sensitive to stresses on the system, respond to stress in a predictable manner, be anticipatory, predict changes that can be averted by management actions, be integrative, have a known response to disturbances, anthropogenic stresses, and changes over time, and have low variability in response. The challenge is to derive a manageable set of indicators that together meet these criteria.

Danilov, R. & Ekelund, N.G.A. (1999) The efficiency of seven diversity and one similarity indices based on phytoplankton data for assessing the level of eutrophication in lakes in central Sweden. Science of the Total Environment [Sci Total Environ], 234, 15-23.
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Seven diversity and one similarity indices calculated on the basis of phytoplankton data were studied for their usefulness for eutrophication studies in lakes in central Sweden. The lakes of different eutrophication levels (eutrophic, mesotrophic and eutrophic) were investigated monthly during autumn 1998. All of the diversity indices calculated (Hurlbert's, Margalef's, Menhinick's, Shannon's, Simpson's, McNaughton's and Species Number) failed to distinguish between different levels of eutrophication. However, the use of similarity index based on presence-absence matrices of phytoplankton species proved its high efficiency for eutrophication studies in the lakes in central Sweden. The consideration of abundance, additionally to presence-absence data, was concluded not to be as efficient as only presence-absence matrices. We recommend the use of similarity index based on presence-absence matrices of phytoplankton species as a good tool for the assessment of the level of eutrophication in the lakes studied.

Danilov, R.A. & Ekelund, N.G.A. (2001) Comparative studies on the usefulness of seven ecological indices for the marine coastal monitoring close to the shore on the Swedish east coast. Environmental Monitoring and Assessment [Environ Monit Assess], 66, 265-279.B (Brackish)
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The simultaneous behaviour of seven ecological indices (Hurlbert's, Margalef's, Menhinick's, Shannon's, species number, Jaccard's and saprobic index) was studied based on phytoplankton data close to the shore on the East coast of Sweden (Bothnia Gulf) during the summer 1998. The sampling stations had a similar eutrophication level and were located in bays. Standard phytoplankton databases were used in calculating the indices, which were later compared using cluster analysis. Hurlbert's, Margalef's, Menhinick's, Shannon's and species number indices, as measure of community diversity, produced similar trends which often differed from those based on Jaccard's index of similarity. However, the simultaneous use of these indices was found meaningful as a possible part of the monitoring close to the shore. The application of a saprobic index lead to erroneous conclusions in the studied case.

Davis, C.C. (1964) Evidence for the eutrophication of Lake Erie from phytoplankton records. Limnology and Oceanography [Limnol Oceanogr], 9, 275-283.F (Freshwater)
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The Division Avenue Filtration Plant of the Cleveland Division of Water and Heat has undertaken almost daily phytoplankton counts of water samples from Lake Erie since 1919. Data exist for 25 full years and for 7 additional partial years between 1919 and 1963. There has been a consistent increase in the average quantity of phytoplankton. The vernal and autumnal phytoplankton maxima have consistently become more intense and have lasted longer. The periods of minimum phytoplankton development in winter and summer have become shorter and less well marked, until the winter minimum failed to develop at all in some of the latest years. Certain marked qualitative changes also have occurred. These effects are thought to have been caused by an increasingly rapid eutrophication of the water in Lake Erie.

Dennison, W.C., Orth, R.J., Moore, K.A., Stevenson, J.C., Carter, V., Kollar, S., Bergstrom, P.W. & Batiuk, R.A. (1993) Assessing water quality with submersed aquatic vegetation. Habitat requirements as barometers of Chesapeake Bay health. Bioscience., 43, 86-94.B (Brackish)
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We use habitat requirements of submersed aquatic vegetation to characterize the water quality of Chesapeake Bay, USA, because of their widespread distribution in the bay, important ecological role, and sensitivity to water quality parameters. Our primary goal is to synthesize information leading to the establishment of quantitative levels of relevant water quality parameters necessary to support submersed aquatic vegetation, a major resource of Chesapeake Bay. The development of a habitat requirement approach for Chesapeake Bay could prove useful in other estuaries experiencing water quality degradation.
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Atezca Lake is located in a mountainous zone of North-eastern Mexico. It is a small subtropical monomictic system with a winter circulation period, and stratification in spring and summer. The lake was first studied monthly during two annual cycles in 1981 and 1983; biannual sampling was then conducted in the stratification and circulation periods for 10 years (1984-1994) in order to determinate the seasonal and annual succesional patterns of the phytoplankton community. Thermal behaviour was found to influence both physical and chemical features. A high concentration of nitrates and phosphates occurred at the beginning of the stratification period and decreased toward late stratification. During the overturn period these nutrients increased. These dynamics affected the phytoplankton assemblage because bacillariophyceans and chlorophyceans were dominant in early stratification, dinophyceans and cyanophyceans in late stratification and bacillariophyceans and chrysophyceans were abundant at circulation. The long term changes showed an increase in the thickness of the anoxic hypolimnion; surface nitrates also diminished, whereas phosphates tended to increase. From 1981 to 1986 the phytoplankton community was dominated by chlorphyceans; however from 1990 to 1994 they were replaced by cyanophyceans, especially Microcystis aeruginosa. The results indicate that the lake has shown severe signs of eutrophication in recent years. The prospects for recovery depend upon sewage input control, hyplomnetic discharges and conservation of the forest in the catchment area.

Div.Environ.Studies, D.C.A.U.S.A. (1974) Eutrophication of Lake Tahoe emphasizing water quality.F (Freshwater)
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Rate and factors affecting cultural eutrophication of oligotrophic Lake Tahoe is reported. Primary productivity increased alarmingly -25.6% from 1968 to 1971, and 51% from 1959 to 1971. Diatoms dominated the phytoplankton population. Maximum zone of phytoplankton photosynthesis could be as deep as 50-75m. winter mixing was important in the nutrient budget of the lake and bacteria associated with stream-borne nutrients facilitated nutrient regeneration. The littoral zone contributed only 10% of total primary production. Highest productivity occurred where tributaries drain disturbed land. Nutrients associated with road building, housing, and lumbering were major causes of eutrophication. Special bioassays showed nitrilotriacetic acid, drainage from a sewage land disposal site, and marinas stimulated productivity. Zooplankton cladocerans disappeared from the lake and predation by the introduced zooplankter, Mysis relicta, and the kokanee salmon (Oncorhynchus nerka) were suspect. Crayfish (Pacifastacus spp) were the dominant members of the benthic animal community, deserving attention as scavengers of the littoral zone.

Dzeha, T., Mwangi, S.N. & Kudoja, W. (1998) Phytoplankton distribution and density as indicators eutrophication: a case study of the Mombasa marine Park and Reserves, Kenya In African Fishes and Fisheries Diversity and Utilisation Poissons et Peches Africains Diversite et Utilisation, pp. 364-365.M (Marine)
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Population density and biomass of surface-dwelling microplankton covering the North East (NE) and the South East (SE) monsoon periods were analysed at six stations of the Mombasa marine Park and Reserve along the Kenyan coast in the period January to December 1996. Three stations were in the reef lagoon while the others were located in Mtwapa Creek. Overall species abundance was low compared to offshore waters of the continental shelf. The highest count was 26600 cells l super(-1) recorded in August at Shimo-La-Tewa prison near a sewage effluent point consisting of mainly Coscinodiscus and Chaetocerus species. Other than Melasira islandica and Oscillatoria islandica, the lagoon stations did not reflect overall colonisation by dominant species and had lower phytoplankton biomass counts than the creek ones. The average Shannon index values were 0.54 and 0.58 for the SE and NE monsoon periods, respectively. The average dominance was 68% with an average count of 2719 cells l super(-1) during the SE monsoon as compared to 60% and 983 cells l super(-1) in the NE period. The order of dominance was Diatoms>Dinoflagellates>Cyanophyceae. With an exception of PO sub(4) super(3), which correlated negatively with both phytoplankton biomass and dominance, species diversity was found to increase with nutrients level largely due to an increase in the species component of diversity. NO sub(3)-N was the limiting nutrient with correlation constants of r=0.64 and 0.65 for biomass and dominance, respectively. There was an inverse relationship between productivity and diversity. Surface chlorophyll alpha measurements were in the range 0.161-4.1mg m super(3) and 0.144-17.70mg m super(-3) during the NE monsoon and SE monsoon, respectively. There was an overall nutrients enrichment in the Mtwapa Creek stations during the period April-October during which time values as high as 32 mu mol l super(-1), 6.02 mu mol l super(-1) and 6.6 mu mol l super(-1) were achieved for NO sub(3)-N, NH sub(3) and PO sub(4) super(3), respectively. This period corresponds with high phytoplankton counts and high dominance values observed in the study area during the year. It also coincides with the high rainy season. The low correlations observed between phytoplankton biomass and Chl alpha and/or with the chemical parameters is attributed to deviation from trophic steady state and to patchiness encountered during the study.

El Ayouty, Y.M., El Essawy, A.F.A. & Said, A.A. (1999) The assessment of water quality of Enan and El-Abbassa ponds, Egypt. Acta Hydrobiologica Cracow [Acta Hydrobiol Cracow], 41, 117-137.F (Freshwater)
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Values of the investigated physico-chemical parameters and phytoplankton characteristics were remarkably higher in Enan pond. The phytoplankton in both ponds was dominated by diatoms. The species composition was rather poor and quite different in two studied sites. Species of Scenedesmus, Anabaena, _ Cylindrospermum, Oscillatoria, Amphora, and Nitzschia were almost frequent. Based on the mean annual values of saprobic index, the water quality of both sites was assessed as beta-mesosaprobic. El-Abbassa ponds seemed to be moderately polluted while Enan pond is heavily polluted as indicated by species diversity index. The relations between all parameters were statistically evaluated through correlation analysis.

Elmgren, R. (1989) Man's impact on the ecosystem of the Baltic Sea: Energy flows today and at the turn of the century. Ambio, 18, 326-332.
Trends: macrophytes are increasingly overgrown by annual filamentous algae. Increase in phytoplankton primary production.

Ericsson, P., Hajdu, S. & Willen, E. (1984) The water quality of Goervaeln, a dynamic bay of Lake Maelaren. Water chemistry and phytoplankton in a perspective of forty years. Vatten Water., 40, 193-211.F (Freshwater)
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The Bay of Goervaeln in Lake Maelaren has a complicated hydrodynamic pattern with a mixture of nutrient-rich water coming from north and water of mesotrophic character coming from south. Investigations of the water-chemistry have been performed since 1942 and of phytoplankton since 1955 and more regularly since 1965. The variation between different years is mainly controlled by the water discharge. A phosphorus precipitation measure in the sewage treatment plants in the 1970's reflects in less phosphorus concentrations in the water. The phytoplankton composition has altered although the total biomasses are only slightly diminished.

Estrada, M., Marrase, C. & Salat, J. (1996) In vivo fluorescence/chlorophyll a ratio as an ecological indicator in oceanography. Sci. Mar. Barc., 60, 317-325.M (Marine)
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Mediterranean (MED)

This article reviews the main factors affecting the in vivo fluorescence versus chlorophyll relationships of phytoplankton and presents a case study based on data from three oceanographic cruises carried out, at different times of the year, in the Catalan-Balearic Sea. In all three surveys, the in vivo fluorescence/chlorophyll ratio of the upper euphotic layer samples presented a diel variability with a minimum at or before noon time. The relationships between the spatio-temporal distribution of this variability and characteristics of photosynthesis versus irradiance curves obtained during each cruise are discussed.

Faengstroem, I. & Willen, E. (1987) Clustering and canonical correspondence analysis of phytoplankton and environmental variables in Swedish lakes. Vegetatio., 71, 87-95.F (Freshwater)

lakes ; phytoplankton ; community structure; acidification ; freshwater pollution; population dynamics; Sweden ; statistical analysis ; environmental conditions

Phytoplankton data consisting of 145 species from a limnological study of lakes from relatively undisturbed areas throughout Sweden were analysed in relation to 11 physical and chemical environmental variables. Three multivariate methods were applied: WPGMA clustering and TWINSPAN for classification, and detrended canonical correspondence analysis (DCCA), a recent technique which extracts ordination axes that can be related directly to variation in the environment. Three types of lakes were recognized consistently: acid humic lakes with Gonyostomum semen as the dominant species, very acid impoverished lakes with rather few, stress-tolerant species, and subarctic lakes with low total biomass but with a varied phytoplankton flora.

Findlay, D.L., Department of, F. & Oceans, W.M.W.R. (1981) Seasonal successions of phytoplankton in seven lake basins in the Experimental Lakes Area, Northwestern Ontario, following artificial eutrophication. Data from 1977 to 1979 In Can. Manuscr. Rep. Fish. Aquat. Sci.F (Freshwater)

phytoplankton ; ecological succession; eutrophication ; seasonal variations; aquatic communities; freshwater lakes; biomass ; Canada, Ontario, Experimental Lakes Area

community composition

This report summarizes the changes in the phytoplankton communities of seven lake basins following artificial enrichment with nitrogen, phosphate and carbon. Data presented comes from studies of Lakes 227, 304, 226 (north and south basins), carried out from 1977 to 1979. Included are 14 figures showing total biomass and % composition and 14 lakes listing common species found throughout the study.

Findlay, D.L., Department of, F. & Oceans, W.M.W.R. (1983) Seasonal successions of phytoplankton in five lake basins in the Experimental Lakes Area, northwestern Ontario, following artificial eutrophication. Data from 1980 to 1982.F (Freshwater)

eutrophication ; ecological succession; phytoplankton ; lake reclamation; limnological data; nutrients mineral; Canada, Ontario, Experimental Lakes Area

This report summarizes the changes which occurred in five lake basins during artificial enrichment with carbon, nitrate and phosphorus. Also discussed is the recovery of four of the basins. Data presented comes from studies of Lakes 227, 226 (north and south basins) and 302 (north and south basins). Included are 12 figures showing total biomass and percent composition and 12 tables listing common species found throughout this period.

Findlay, D.L., Hecky, R.E., Kasian, S.E.M., Stainton, M.P., Hendzel, L.L. & Schindler, E.U. (1999) Effects on phytoplankton of nutrients added in conjunction with acidification. Freshwat Biol, 41, 131-145.F (Freshwater)

Acidification ; Oligotrophic lakes; Nutrients mineral; Habitat improvement chemical; Habitat improvement fertilization; Canada, Ontario, Experimental Lakes Area

acidity ; phosphorus ; alkalinity ; eutrophication ; primary production; Algae

The effects of nitric acidification on phytoplankton were studied in a small, experimentally manipulated, oligotrophic lake (L302N) in the Experimental Lakes Area of Canada. The focus was altered after 9 years of acidification to investigate the possibility of using nutrient additions to stimulate recovery, followed by a controlled incremental recovery, in which the pH was increased to a predetermined target level. Five years of additions of HNO sub(3) to L302N reduced its pH from 6.5 to 6.1. Nitrate concentration increased because the algal community was severely P deficient. The phytoplankton community was significantly affected when pH was subsequently decreased over three successive years from 6.1 to 5.1 by the addition of HCl. Dominance shifted from chrysophytes to a co-dominance of chlorophytes and dinoflagellates. Species diversity significantly decreased, although phytoplankton productivity remained unchanged. At pH 5.1 nitrate and sulphate additions were made. The phytoplankton assemblage shifted to dominance by small coccoidal chlorophytes. However, biomass and productivity were unaffected. Finally, phosphate, as phosphoric acid, was added, along with nitrate and sulphate, to the epilimnion, which stimulated internal alkalinity generation and productivity. When all additions ceased, the pH of L302N recovered from 5.1 to 5.8, chrysophytes and chlorophytes became more abundant and dinoflagellates decreased in abundance. Phytoplankton biomass decreased and species diversity increased. Phytoplankton productivity remained unchanged.

Findlay, D.L. & Kasian, S.E.M. (1991) Response of a phytoplankton community to controlled partial recovery from experimental acidification. Can. J. Fish. Aquat. Sci., 48, 1022-1029.F (Freshwater)

Dinoflagellata ; Cyanophyta ; pH effects; controlled conditions; phytoplankton ; species diversity; Canada, Ontario, Experimental Lakes Area; biomass ; dominant species

acidification

Lake 223 was experimentally acidified with H sub(2)SO sub(4) from 1976 to 1989. The pH was reduced from 6.7 (1974) to 5.0 (1981) and held there for 3 yr (1981-83). Beginning in 1984 the pH was allowed to increase at a controlled rate by reduction of acid additions, resulting in a two-step recovery of 4 yr at pH similar to 5.5 and 2 yr at pH similar to 5.8. During the first 6 yr of early recovery, species diversity of the phytoplankton community increased linearly with pH and the number of common species increased. Total phytoplankton biomass remained elevated above preacidification estimates or increased. Dinoflagellates and cyanophytes remained codominant with little evidence of other taxonomic groups increasing.

Findlay, D.L. & Kasian, S.E.M. (1996) The effect of incremental pH recovery on the Lake 223 phytoplankton community. Can. J. Fish. Aquat. Sci. J. Can. Sci. Halieut. Aquat., 53, 856-864.F (Freshwater)

acidification ; phytoplankton ; pollution effects; biomass ; species diversity; check lists; Canada, Ontario, 222 L.

Experimental acidification of Lake 223 from pH 6.7 to 5.1 caused dramatic effects on the phytoplankton community, similar to those recorded for systems anthropogenically affected. Species diversity decreased, biomass increased, and dominance shifted from chrysophytes to dinoflagellates. Increasing the pH from 5.0 to 5.8 stimulated very little recovery response. Biomass and composition remained unaltered, but species diversity increased as pH increased. Elevating pH above 6 stimulated a strong recovery of the Lake 223 phytoplankton community. Species diversity continued to increase as pH increased. Although chrysophyte biomass increased, total biomass began to decrease to pre-acidification levels because of declined abundances of cyanobacteria, dinoflagellates, chlorophytes and cryptophytes. The size structure of the phytoplankton began to resemble more closely that seen in communities of reference lakes.

Findlay, D.L., Kasian, S.E.M., Turner, M.T. & Stainton, M.P. (1999) Responses of phytoplankton and epilithon during acidification and early recovery of a lake. Freshwater Biology [Freshwat Biol], 42, 159-175.F (Freshwater)

Acidification ; Nutrients mineral; Phytoplankton ; Environmental effects; Species diversity; Dominance hierarchies; Phytobenthos ; Epiphytes ; Gymnodinium ; Peridinium inconspicuum; Lyngbya ; Tabellaria quadriseptata; Anomoeoneis brachysira; Canada, Ontario, Experimental Lakes Area

Lake 302S in the Experimental Lakes Area of Canada was acidified from pH 6.7 (1981) to 5.1 (1986). The pH was further reduced to 4.5 in 1987 and held at that level until 1991. From 1992 to 1995, the pH was allowed to increase to a target value of 5.8. The response of the phytoplankton community to decreasing pH from 6.0 to 5.1 was similar to that observed in another experimentally acidified lake (223) and in other atmospherically acidified lakes. Acidification affected species diversity of both the phytoplankton and epilithon. Phytoplankton diversity was positively correlated with pH. Epilithic algal diversity was more variable and did not correlate with pH. Phytoplankton biomass was enhanced by acidification as the assemblage shifted from a dominance of chrysophytes to large dinoflagellates (Gymnodinium sp. and Peridinium inconspicuum). Epilithon biomass was unaffected, but dominance shifted from filamentous cyanophytes (Lyngbya) to acidophilic diatoms (Tabellaria quadriseptata and Anomoeonis brachysira). The only taxon to be similarly affected in both the phytoplankton and epilithon was the cyanobacterium, being significantly reduced below pH 5.1. During early recovery (pH 5.5-5.8), cyanobacteria increased and species present prior to acidification recolonized both habitats. In the early stages of recovery, planktonic and benthic assemblages remained more similar to acidified than natural assemblages, but more profound change began at pH > 5.5.

Finni, T., Kononen, K., Olsonen, R. & Wallström, K. (2001) The History of Cyanobacterial Blooms in the Baltic Sea. Ambio, 30, 172-178.
Long-term trends in Cyanobacteria

Long-term information on possible changes in cyanobacterial blooms in the Baltic Sea, formed mainly by Nodularia spumigena and Aphanizomenon sp., was sought in published records in historical (years 1887–1938) and modern (years 1974–1998) phytoplankton data sets. Old and new sampling methods and fixatives were tested to improve the comparison of data that had been collected and analyzed in different ways. A hundred years ago, plankton was mainly of interest as a source of fish food; eutrophication problems were only locally reported from the coast, mainly in southern haffs and the receiving waters of larger cities. There were few recordings of open-sea blooms before World War II. Abundances of Nodularia spumigena and Aphanizomenon sp. were low in the old material, and 137 summer samples from 1887–1938 showed no peak abundance. High abundances are common in the new material, and the range of the numbers of both taxa has increased markedly relative to the old material. Since the 1960s, cyanobacterial blooms have been common in the open sea in both the Baltic proper and the Gulf of Finland, indicating high availability of nutrients.

Flindt, M.R., Kamp Nielsen, L., Marques, J.C., Pardal, M.A., Bocci, M., Bendoricchio, G., Salomonsen, J., Nielsen, S.N. & Jorgensen, S.E. (1997) Description of the three shallow estuaries: Mondego River (Portugal), Roskilde Fjord (Denmark) and the Lagoon of Venice (Italy). Ecol. Model., 102, 17-31.M (Marine); B (Brackish)
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The paper describes three European estuaries which were compared with respect to the dynamics between autotrophic components under the MUST-project: The Mondego River (M) (Portugal), Roskilde Fjord (R) (Denmark) and Venice Lagoon (V) (Italy). The areas of the three estuaries are (M) 3.4, (R) 125 and (V) 540 km super(2) and their maximum tidal ranges are (M) 3.3, (R) 0.2 and (V) 2.2 m. They are all eutrophic with high loadings of nitrogen (M) 126 t N/yr, (R) 2500 t N/yr and (V) 7000 t N/yr and high loadings of phosphorus (M) 1 t P /yr, (R) 180 t P/yr and (V) 1000 t P/yr. The dominating phytoplankton species are (M) diatoms and dinoflagellates, (R) Skeletonema sp. and (V) Amphora sp. and Chaetocerus sp. and the dominating macrophytes are (M) Enteromorpha sp., Gracilaria sp. and Zostera noltii, (R) Zostera marina and Ulva lactuca and (V) Ulva rigida and Zostera noltii. All three estuaries are frequently exposed to collapses caused by severe oxygen depletion.

Forsberg, C., Kleiven, S. & Willen, T. (1990) Absence of allelopathic effects of Chara on phytoplankton in situ. Aquat. Bot., 38, 289-294.F (Freshwater)

allelopathy ; Sweden ; Chara ; phytoplankton ; algae ; photosynthesis ; lakes ; natural populations; phosphorus ; biomass ; epiphytes ; metabolites ; biochemical composition; Sweden, Uppland County

aquatic plants; allelopathy

Chemical compounds isolated from Chara have been shown to inhibit algal photosynthesis in laboratory experiments, supporting the concept of negative allelopathy in Chara . However, evidence for this phenomenon in situ has not been obtained. Studies of the relationships between lake phosphorus levels and phytoplankton biomass in six Chara lakes demonstrated that these lakes have a phytoplankton biomass of predictable size. This indicates that Chara does not release allelopathic compounds in situ. The reported densities of epiphytes on these plants also indicate the absence of allelopathy by Chara in situ.

Fossi, M.C., Minutoli, R. & Guglielmo, a.L. (2001) Preliminary Results of Biomarker Responses in Zooplankton of Brackish Environments. Marine Pollution Bulletin, 42, 745-748.
zooplankton; copepods; mysids; brackish water; biomarkers; esterases

Zooplankton is an essential component of the food chains of marine and brackish environments. Ecotoxicological risk to zooplankton, evaluated by the biomarker approach, can be used as an early warning signal of risk to the health of marine ecosystems. The aim of this project is to evaluate the application of certain biomarkers in zooplankton. In the present paper, laboratory and field studies were performed with the copepods Acartia margalefi, Acartia latisetosa and the mysid Siriella clausi. Acetylcholinesterase activity (AChE) was determined in homogenates of whole organisms. Mean AChE activity was 10.05 µmol min g1 for A. margalefi, 3.30 µmol min g1 for A. latisetosa and 79.70 µmol min g1 for S. clausi. A. margalefi and S. clausi also showed a linear increase in enzyme activity with increasing concentrations of samples. Preliminary laboratory work was also carried out with specimens of A. latisetosa, which were exposed to an organophosphorus insecticide (parathion). Moderate inhibition of AChE (19%) with respect to controls was observed. AChE activities were two orders of magnitude higher in the zooplankton than in hemolymph samples of the decapod Carcinus aestuarii (Fossi et al., 1996) indicating that these species have a high metabolic rate, which makes them suitable for biomarker studies.

Fraser, J.E. (1974) Water quality and phytoplankton productivity of Summersville Reservoir. ProcWVaAcadSci, 46, 8-16.F (Freshwater)

Phytoplankton ; Primary production; Water quality; USA, West Virginia, Summersville Reservoir

The phytoplankton productivity and various water quality parameters of Summersville Reservoir, West Virginia, were investigated biweekly from Sept 25, 1971 to Oct 7. 1972. Sampling was conducted at 3 stations with primary production being only determined at 1 of 3 sites. This 7-yr old reservoir was thermally stratified in the summer months, having and pliminion {approx} meters in depth. The lake has soft water with low values of alkalinity and conductivity and an absence of hot acidity. No significant differences in values were found between the 3 sites studied in the impoundment, with reference to water quality parameters. C fixation ranged from 0.0 to 842.91mgC/m Super(3)/day. Areal production fluctuated from 3.48mC/m Super(2)/day to 3,176mgC/m Super(3)/day and on a yearly basis it was 170.16mC/m Super(2). Total inorganic C was always found in sufficient concs, though a decrease was evident in the first few meters of the lake on days of high productivity. Light limitation caused by self-shading only occurred on the few dates of very high primary productivity, such as Aug 8, 1972. Both Findenegg Type 1 and Type 3 vertical assimilation curves were found with Type 1 predominating. On the basis of production values, O Sub(2) curves, transparency, and vertical assimilation curves, Summersville Lake was tentatively classified as mesotrophic.

Friligos, N., Kondylakis, J.C. & Psyllidou Giouranovits, R. (1997) Eutrophication and phytoplankton abundance in the Thermaikos Gulf, Greece. Fresenius Environmental Bulletin, 6, 027-031.M (Marine); B (Brackish)

Issue on biological, ecotoxicological and health aspects, and pollution control technology.; Greece, Thermaikos Gulf; eutrophication ; phytoplankton ; seasonal variations; water sampling; nutrients ; outfalls ; physicochemical properties; outfall ; population density; nutrients mineral; pollution effects; algae ; algae ; MED, Greece, Thermaikos Gulf Mediterranean (MED)

The seasonal abundance of phytoplankton has been studied in relation to sewage and rivers pollution in the Thermaikos Gulf, Greece. Water samples were collected at standard depths from a series of stations seasonally during 1992-1993. Water samples from the vicinity of sewer outfalls and rivers showed very high concentrations of nutrients and a great abundance of phytoplankton as compared with remote samples. Phytoplankton abundance is limited either from hydrographic parameters (T,S), or from nutrients (P, N).

Gesteira, J.L.G. & Dauvin, J.-C. (2000) Amphipods are Good Bioindicators of the Impact of Oil Spills on Soft-Bottom Macrobenthic Communities. Marine Pollution Bulletin, 40, 1017-1027.
Amoco Cadiz; Aegean Sea; oil; bioindicators; amphipods; polychaetes

The Amoco Cadiz oil spill in 1978, and the Aegean Sea oil spill in 1992, affected soft-bottom communities, respectively from the Bay of Morlaix (western English Channel) and from the Ría de Ares and Betanzos in the north-western Iberian peninsula. These infralittoral communities on muddy fine sand showed similar species composition and structure and occurred in similar hydro-climatic conditions. The effects of the spills were identical in both areas with the disappearance of the amphipods especially those from the amphipod genus Ampelisca with a very low colonization of these species during the four years after the spill. The recovery rate of the amphipods was slow but progressive. In such communities no proliferation of opportunistics was observed after the stress. In the sites, where polychaetes dominated before the spill, they remained dominant, whereas other sites showed very low total abundances during the two years after the spill due to the absence of compensation for the disappearance of these crustaceans. In fact, there was a very low impact of the spill on polychaetes, but a high one on amphipods. In the future, it is suggested to focus monitoring after a spill only on a single amphipod group proposed as a bioindicator for detecting the impact of pollution. A polychaete/amphipod ratio is proposed to reflect temporal change of soft-bottom communities analogous to the nematode/copepod previously suggested for the meiobenthos. Detailed knowledge of the qualitative and quantitative structure of a benthic community is still needed in order to identify very precisely the effect of a pollution event.

Goncharov, A.V. (1996) Experiments on biological indicators in small rivers (using phytoplankton). Water Resour.;Vodnye Resursy, 23, 190-197;vol. 123, no. 192, pp. 211-218.F (Freshwater)

Russia, Moskva, Sergiev Posad; phytoplankton ; experimental data; bioindicators ; correlation coefficient; water management; water quality; algae ; hydrobiology ; chemical analysis; pollution indicators; indicator species; pollution monitoring; water pollution;

Species composition, abundance, biomass, saprobity, uniformity, and species variety of phytoplankton of small rivers of Sergiev Posad raion of Moscow oblast, as well as pH, chemical oxygen demand, concentrations of O sub(2), NH sub(4) super(+), NO sub(2) super(-), NO sub(3) super(-), PO sub(4) super(3-), phenols, petroleum products, synthetic surfactants, and some elements of the heavy metals group were determined. The correlation coefficients between hydrochemical and hydrobiological characteristics were calculated. It was established that there is reliable correlation (r = 0.33-0.80 for significance level 1-5%) between indices of phytoplankton and characteristics of chemical (nontoxic) contamination, but the major effect on composition and abundance of algae is produced by human water-management activity.

Gotsis Skretas, O. & Friligos, N. (1990) Contribution to eutrophication and phytoplankton ecology in the Thermaikos Gulf. Thalassographica., 13, 1-12.M (Marine)

phytoplankton ; community composition; species diversity; eutrophication ; pollution effects; MED, Greece, Thermaikos Gulf; sewage ; river discharge; nutrients mineral; Leptocylindrus minimus; Chaetoceros socialis; Nitzschia closterium; Nitzschia seriata; Cerataulina bergonii; marine pollution; Mediterranean (MED)

The abundance, the composition and the taxonomic diversity of phytoplankton, as well as the chlorophyll-a concentration were studied in relation to nutrients, discharged from the sewage and the rivers, into the Thermaikos Gulf. Water samples from the vicinity of sewage outfall and rivers showed high concentrations of nutrients, high abundance of phytoplankton, great concentration of chlorophyll-a and low diversity indices in comparison with the samples far from the sewage outfall and rivers. The increase in abundance was highly correlated with increased PO sub(4) super(-1) and NO sub(2) super(-1) concentrations and the decrease of salinity. During the three seasons, 123 species were recorded (68 diatoms, 43 dinoflagellates and 11 coccolithophores). A considerable variation in species and dominance occurred along the pollution gradient. The natural coastal phytoplankton community appears disturbed by the increased level of nutrients from sewage effluents and rivers.

Groenlund, L., Kononen, K., Lahdes, E. & Maekelae, K. (1996) Community development and modes of phosphorus utilization in a late summer ecosystem in the central Gulf of Finland, the Baltic Sea. Hydrobiologia, 331, 97-108.M (Marine)

algal blooms; phosphorus ; phytoplankton ; nutrients mineral; chemical oceanography; Aphanizomenon flos aquae; ANE, Baltic Sea, Finland Gulf; Finland Gulf

Atlantic Northeast (ANE)

The development of a filamentous, nitrogen-fixing cyanobacterial bloom was followed during July-August 1990 in a stratified basin in the central Gulf of Finland, Baltic Sea. Hydrography, dissolved inorganic, particulate and total nutrients, chlorophyll a, alkaline phosphatase activity, super(32)PO sub(4)-uptake and phytoplankton species were measured. The study period was characterized by wind-induced mixing events, followed by marked nutrient pulses and plankton community responses. Phosphate uptake was highest throughout the study period in the size fraction dominated by bacteria and picocyanobacteria (< 2 mu m) and the proportion of uptake in the size fraction 2-10 mu m remained low (2-6%). Higher phosphate turnover times were observed in a community showing signs of enhanced heterotrophic activity. The bloom of filamentous, nitrogen-fixing cyanobacteria Aphanizomenon flos-aquae was promoted by a nutrient pulse with an inorganic nutrient ratio (DIN:DIP) of 15. The results show that the quality, frequency and magnitude of the physically forced nutrient pulses have an important role in determining the relative share of the different modes of phosphorus utilization and hence in determining the cyanobacterial bloom intensity and species composition in the Baltic Sea.

Gromisz, S. & Witek, Z. (2001) Main phytoplankton assemblages in the Gulf of Gdansk (Baltic Sea) and the Pomeranian Bay (Poland) from 1994 to 1997.B (Brackish); M (Marine)

Phytoplankton ; Estuaries ; Associated species; Variability ; Regional variations; Peridiniella catenata; ANE, Baltic Sea, Gdansk Gulf; ANE, Baltic Sea, Pomeranian Bay; ANE, Poland, Wislany Lagoon; Atlantic Northeast (ANE)

The comparison of the phytoplankton composition of 156 samples collected during 11 cruises in the Gulf of Gdansk (Baltic Sea) and the Pomeranian Bay (Baltic Sea) based on clustering analyses led to the identification of ten algae assemblages at a similarity lower than 50%. The most distinct phytoplankton assemblages were found in samples collected at stations located directly near the Vistula River (Poland) mouth and a local, single-species assemblage formed by dinoflagellate Peridiniella catenata in the Gulf of Gdansk. Other assemblages were relevant to subsequent sesons of the vegetative cycle: winter-spring, summer and autumn. The relationship of the phytoplankton assemblage with environmental conditions (low salinity, high nutrient concentrations) was the most evident near the Vistula River mouth. In other areas, phytoplankton composition changed seasonally and was mainly correlated with temperature, and/or day length. The differences in phytoplankton composition between the Gulf of Gdansk and the Pomeranian Bay were relatively small at a similarity higher than 50%.

Gromisz, S., Witek, Z. & Mackiewicz, T. (1999) The impact of the Oder River on the phytoplankton composition and biomass in the Pomeranian Bay (Baltic Sea). Oceanologia, 41, 403-427.F (Freshwater); M (Marine)

Phytoplankton ; Species diversity; Primary production; Chlorophylls ; Nutrients mineral; Phosphorus ; Nitrogen ; River discharge; Estuarine dynamics; Rivers ; Bays ; Coastal lagoons; ANE, Baltic Sea, Pomeranian Bay; ANE, Poland, Pomeranian Bay; ANE, Poland, Szczecin, Szczecinski Lagoon; ANE, Poland, Swina Strait; Poland, Odra R.; Germany, Oder R.; Atlantic Northeast (ANE)

The analysis of phytoplankton samples collected in the Pomeranian Bay (Baltic Sea) during five cruises in the years 1993, 1996 and 1997 is presented. In each season a number of phytoplankton assemblages were formed under the impact of the hydrological and hydrochemical conditions gradually changing along an axis from the outlets of the Szczecin Lagoon (Poland) towards the open sea. The most distinct assemblages could be described as 'river-mouth', 'open-Bay' and 'open-sea' assemblages. The highest phytoplankton biomass was noted near the mouth of the Swina Strait (Poland) in the 'river-mouth' assemblages, where the concentration of chlorophyll a was 4 to 5 five times higher in comparison with the 'open-sea' values. The phytoplankton biomass in the 'open-Bay' assemblages was roughly twice as high as that in the 'open-sea' assemblages. Because of the high N/P ratio in the Oder waters, phosphorus was very probably the factor limiting phytoplankton primary production in the Pomeranian Bay during periods of intensified inflow of riverine waters. The species dominating the phytoplankton of the Pomeranian Bay during the present study were found to be the same as those recorded in this region 40 years earlier.

Gu, B., Havens, K.E., Schelske, C.L. & Rosen, B.H. (1997) Uptake of dissolved nitrogen by phytoplankton in a eutrophic subtropical lake. J. Plankton Res., 19, 759-770.

Nitrogen ; Bioaccumulation ; Phytoplankton ; Eutrophic lakes; Dissolved chemicals; Nitrogen fixation; Spatial variations; nutrient uptake; lakes ; USA, Florida, Okeechobee L.; USA, Florida, Okeechobee L.; USA, Florida, Okeechobee L.

Uptake rates for ammonium, nitrate, urea and dinitrogen by phytoplankton in Lake Okeechobee ranged from 0.58 to 1.52 mu mol l super(-1) h super(-1) among four representative stations during a short-term study period. Ammonium accounted for 53% of the uptake rates, followed by nitrate (19%), urea (16%) and dinitrogen (12%). Half-saturation constants for nitrogen (N) uptake ranged from 8.70 mu mol l super(-1) for ammonium, 2.07 mu mol l super(-1) for urea and 2.21 mu mol l super(-1) for nitrate at South station. This study reveals spatially varying N uptake rates, particularly N fixation, within a large eutrophic lake.

Havas, M., Woodfine, D.G., Lutz, P., Yung, K., MacIsaac, H.J. & Hutchinson, T.C. (1995) Biological recovery of two previously acidified, metal-contaminated lakes near Sudbury Ontario, Canada In Acid Reign ' 95? Proceedings from the 5th International Conference on Acidic Deposition: Science and Policy Held in Goteborg, Sweden, 26 30 June 1995. (Grennfelt, P., et al. eds.), pp. 791-796.F (Freshwater)

Canada, Ontario, Sudbury; air pollution effects; lake restoration; hydrogen ion concentration; nickel ; copper ; acidic water; sulfates ; ecosystems ; phytoplankton ; zooplankton ; acidity ; heavy metals; lakes ; Rhizosolenia ; sulfate ; Insecta ; smelters ; air pollution; ecosystem resilience; self purification

Studies are reported on two small lakes at Sudbury, Ontario located close to a nickel-copper smelter which closed in 1972. At that stage, Baby Lake had a pH of 4.0-4.2 while the adjacent Alice Lake had a pH 5.9-6.3. Both lakes were almost entirely devoid of algae and had neither zooplankton nor fish. Soon after the closure of the smelter, with its large airborne volume of sulphur dioxide and of copper and nickel containing particulates, the chemistry of the lakes began to change. By 1985, Baby Lake had changed from pH 4.0 to 6.8 and is now at pH 7.2. The pH of Alice Lake increased from a low of 5.9 in the early 1970s to 6.9-7.4 in the mid 1980s and is now at 7.3. Copper and nickel concentrations also decreased in both lakes during this period. The first biota found in the lakes in the post-smelter stage in the early 1980s were benthic red chironomids, planktonic rotifers, and a limited number of phytoplankton species, of which Rhizosolenia was the most common. By the 1990s, 13 phytoplankton species were present in each lake, with a substantial zooplankton fauna (14 species) of rotifers, copepods, and cladocerans. There are now numerous insect larvae in the sediment and some small fish in both lakes. The biological recovery, which followed substantial reductions in acidity and in soluble nickel and copper concentrations in the waters, is a slower process than chemical recovery and is initially characterized by the dominance of a few species.

Hergenrader, G.L. (1980) Eutrophication of the Salt Valley Reservoirs, 1968-73. 1. The effects of eutrophication on standing crop and composition of phytoplankton.F (Freshwater)

eutrophication ; phytoplankton ; USA, Nebraska, Salt Valley Reservoirs
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A study was carried out to determine the effects of eutrophication upon the phytoplankton in 4 recently constructed flood control reservoirs in Nebraska. Water samples were analyzed for chlorophyll a, phytoplankton composition, and phytoplankton abundance. Total volume of phytoplankton was calculated. Inorganic turbidity in one reservoir was an important factor regulating the size and composition of the phytoplankton standing crop, and diatoms were the most important component of the phytoplankton community during those years in which inorganic turbidity was greatest. When inorganic turbidity declined, blue-green algae became dominant. In the clear-water reservoirs chlorophyll a, phytoplankton number, and phytoplankton volume were significantly correlated with reservoir age. The reservoirs had 2-6 times more chlorophyll a present at the end of the study than at the beginning, with the increase being greatest in the newest reservoir. Phytoplankton volume was significantly correlated with chlorophyll a in all the reservoirs. Blue-green algae quickly became established as community dominants in the reservoirs, making up over 80% of the phytoplankton volume in the newest reservoir by the 2nd yr of its existence. In the other clear-water reservoirs, blue-greens usually constituted >95% of the total phytoplankton volume in summer. Three genera, Microcystis, Aphanizomenon-, and Anabaena-, were responsible for virtually the entire standing crop of blue-greens in all the reservoirs.

Herodek, S. (1986) Phytoplankton changes during eutrophication and P and N metabolism In Modeling and Managing Shallow Lake Eutrophication with Application to Lake Balaton. (Somlyody, L. & Straten, G.v. eds.), pp. 183-203.F (Freshwater)

phytoplankton ; primary production; eutrophication ; nutrient cycles; phosphorus ; nitrogen ; Hungary, Balaton L.; models

The composition and quality of phytoplankton and primary production in Lake Balaton, Hungary, are discussed and processes of phosphorus and nitrogen metabolism examined. Application of these data to lake models is considered briefly.

Hickel, W., Boese, A. & Radach, G. (1986) Nitrogen and phytoplankton stocks in the German Bight in relation to the eutrophication problem In Ber. Biol. Anst. Helgol.M (Marine)

nitrogen compounds; phytoplankton ; eutrophication ; biomass ; river discharge; ANE, German Bight; Atlantic Northeast (ANE)

Spatial distribution and total amounts of nitrogen in particulate and dissolved inorganic form were investigated in the German Bight in regard to the eutrophication problem, using measurements from 8 quasisynoptic surveys with a close-meshed station grid from the years 1976-1981. The main goals were to estimate the potential significance of the organic seston for the oxygen consumption in the deeper water, to assess quantitatively the particulate and dissolved inorganic species of nitrogen and to evaluated the influence of the Elbe river water on the nitrogen budget of the German Bight.

Hobro, R. & Willen, E. (1977) Phytoplankton countings. Intercalibration results and recommendations for routine work.M (Marine)

phytoplankton ; counters methodology ; sampling statistical; calibration

Intercalibrations of phytoplankton countings were made in the Baltic in 1974 and 1975, where seven laboratories participated, each using their routine method. A statistical evaluation was made on the results, and recommendations for routine countings with the Utermohl technique are given.

Horrocks, J.L.S., George R; Dennison, William C (1995) Tissue nutrient content of Gracilaria spp. (Rhodophyta) and water quality along an estuarine gradient. Mar. Freshwat. Res., 46, 975-983.

Tissue nutrient content of Gracilaria spp (Rhodophyta) was tested as a bioindicator of water column nutrient availability in the Logan River and southern Moreton Bay, south-eastern Queensland. ...

International Counc. for the Exploration of the Sea Copenhagen Theme Session on Environment Plankton Fish, l. (2000) Zooplankton as an ecological indicator in a fish stock recovery assessment In Copenhagen Denmark.M (Marine)

Zooplankton ; Biomass ; Depleted stocks; Landing statistics; Gadus morhua; Melanogrammus aeglefinus; Limanda ferruginea; Clupea harengus; Scomber scombrus; Centropages ; Calanus ; Pseudocalanus ; ANW, Atlantic, Georges Bank

bottom trawls; spawning populations; Atlantic Northwest (ANW)

Spatial and temporal biomass and species diversity of zooplankton have been examined in a continental shelf ecosystem for indications of variability in abundance levels associated with effort reduction management actions for the recovery and sustainable maintenance of depleted bottom fish stocks. Analyses were conducted on 19,000 zooplankton samples collected seasonally over two decades from the U.S. Northeast Shelf ecosystem (1977 to 1999). Fish stock results were obtained from the Northeast Fisheries Science Center's bottom trawl survey indices of spawning biomass of selected demersal (cod Gadus morhua, haddock Melanogrammus aeglefinus yellowtail flounder Limanda ferruginea) and pelagic (herring Clupea harengus and mackerel Scomber scombrus) fish species. The emerging pattern of the zooplankton component of the ecosystem showed biomass values close to or above the 22-year median from the late 1980s through the 1990s, during the recovery of herring and mackerel in the mid-1980s, and the initiation of recovery of demersal stocks as indicated by strong year-classes of haddock and yellowtail flounder in the late 1990s. The zooplankton component of the ecosystem has not undergone any significant decline during the rebuilding of the fish stocks and is being used as an indicator of stability in the lower trophic levels of the NE Shelf ecosystem food web during the fish-stock recovery period.

Jackson, L.E. & Kurtz, J.C. (2001) Evaluation guidelines for ecological indicators, Book review. Ecological Indicators, 1, 61-62.

Jackson, M.B., Vandermeer, E.M., Lester, N., Booth, J.A., Motot, L. & Gray, I.M. (1990) Effects of neutralization and early reacidification on filamentous algae and macrophytes in Bowland Lake. Can. J. Fish. Aquat. Sci., 47, 432-439.F (Freshwater)
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Within one year of neutralization Bowland Lake (pH 4.8-5.5 increased to 6.3-6.7), previously extensive growths of filamentous algae (Mougeotis and Zygogonium , > 10 and 100% shoreline coverage, respectively) were essentially eliminated (< 1% shoreline coverage). Reacidification in the second year (pH 5.7-6.7) was accompanied by increased submerged epilithic and epiphytic growths of predominantly Zygogonium , often to preliming coverage. As found in the studies, pH greater than or equal to 6.0 appears to represent a threshold relative to the predominance of certain filamentous algae in software lakes. The short time between the change in acidity and the disappearance and reappearance of the filamentous algae suggests that they may be important biological indicators or predictors of acidification and its reversal.

Jensen, A., Rystad, B. & Melsom, S. (1974) Heavy metal tolerance of marine phytoplankton. 1. The tolerance of three algal species to zinc in coastal sea water. J Exp Mar Biol Ecol, 15, 145-157.M (Marine)

Tolerance levels to zinc ions of 3 diatoms (Skeletonema costatum (Grev.) Cleve, Thalassiosira pseudonana (Hust.) Hasle and Phaeodactylum tricornutum (Bohlin) grown in dialysis culture in the local fjord water were studied. Declining relative growth rates were observed by addition of 50, 250 and 25,000 mu g/l of zinc ions, respectively, for the 3 algae. Reduced final cell concs were found at lower zinc levels. At least for one sp a significant increase in zinc uptake by the cells took place at zinc levels which did not seem to influence the growth and development of the alga. 2 clones of Skeletonema costatum studied showed significant intraspecific differences regarding the tolerance to zinc pollution. Dialysis bioassay was found suitable for monitoring heavy metal pollution of aquatic recipients.

Jones, A.B., O' Donohue, M.J., Udy, J. & Dennison, W.C. (2001) Assessing Ecological Impacts of Shrimp and Sewage Effluent: Biological Indicators with Standard Water Quality Analyses. Estuarine, Coastal and Shelf Science [Estuar Coast Shelf Sci], 52, 91-109.

Indicator species; Pollution indicators; Fish wastes; Sewage ; Pollution effects; Aquaculture ; Water quality; Environmental impact; Wastewater ; Air Pollution Effects; Toxicity see also Lethal limits; Crustaceans Decapod Shrimps and prawns; Sewages ; Effluent ; Water quality Natural waters; Algae see also Individual groups; Streams in natural channels; Nutrients ; Aquaculture effluents; Sewage treatment plants; Effluent disposal; Bioindicators ; Water quality measurements; Seagrasses ; Phytoplankton ; Coastal waters; Bays ; Wastewater discharges; Australia, Queensland, Moreton Bay

Despite evidence linking shrimp farming to several cases of environmental degradation, there remains a lack of ecologically meaningful information about the impacts of effluent on receiving waters. The aim of this study was to determine the biological impact of shrimp farm effluent, and to compare and distinguish its impacts from treated sewage effluent. Analyses included standard water quality/sediment parameters, as well as biological indicators including tissue nitrogen (N) content, stable isotope ratio of nitrogen ( delta super(15)N), and amino acid composition of inhabitant seagrasses, mangroves and macroalgae. The study area consisted of two tidal creeks, one receiving effluent from a sewage treatment plant and the other from an intensive shrimp farm. The creeks discharged into the western side of Moreton Bay, a sub-tropical coastal embayment on the east coast of Australia. Characterization of water quality revealed significant differences between the creeks, and with unimpacted eastern Moreton Bay. The sewage creek had higher concentrations of dissolved nutrients (predominantly NO-3/NO-2 and PO3-4, compared to NH+4 in the shrimp creek). In contrast, the shrimp creek was more turbid and had higher phytoplankton productivity. Beyond 750 m from the creek mouths, water quality parameters were indistinguishable from eastern Moreton Bay values. Biological indicators detected significant impacts up to 4 km beyond the creek mouths (reference site). Elevated plant delta super(15)N values ranged from 10.4-19.6ppt at the site of sewage discharge to 2.9-4.5ppt at the reference site. The free amino acid concentration and composition of seagrass and macroalgae was used to distinguish between the uptake of sewage and shrimp derived N. Proline (seagrass) and serine (macroalgae) were high in sewage impacted plants and glutamine (seagrass) and alanine (macroalgae) were high in plants impacted by shrimp effluent. The delta super(15)N isotopic signatures and free amino acid composition of inhabitant flora indicated that sewage N extended further from the creek mouths than shrimp N. The combination of physical/chemical and biological indicators used in this study was effective in distinguishing the composition and subsequent impacts of aquaculture and sewage effluent on the receiving waters. 

Jones, A.B.D., William C; Stewart, George R (1996) Macroalgal responses to nitrogen source and availability : amino acid metabolic profiling as a bioindicator using Gracilaria edulis (rhodophyta). J. Phycol, 32, 757-766.

The use of macroalgae as biological indicators of dissolved nutrient source and availability in the water column was investigated. Total tissue nitrogen (N) content, pigments and amino acids of the red alga Gracilaria edulis (Gmelin) Silva were compared to N source and availability in laboratory and field incubations to identify responses that would serve as bioindicators of N......

Jones, V.J. & Juggins, S. (1995) The construction of a diatom-based chlorophyll a transfer function and its application at three lakes on Signy Island (maritime Antarctic) subject to differing degrees of nutrient enrichment. Freshwat. Biol., 34, 433-445.F (Freshwater)

eutrophication ; nutrients mineral; modelling ; models ; sediment analysis; chlorophylls ; palaeolimnology ; Bacillariophyceae ; Antarctica, South Orkney I., Signy I., Moss L.; Antarctica, South Orkney I., Signy I., Sombre L.; Antarctica, South Orkney I., Signy I., Heywood L.; radiocarbon dating

Weighted averaging regression was used to construct a diatom-based transfer function for inferring chlorophyll a concentrations from sediment core diatom assemblages. The transfer function was applied to super(210)Pb-dated sediment cores from three lakes (Moss, Sombre and Heywood) receiving different levels of nutrient input from fur seal populations, i.e. low, medium and high, respectively. Moss Lake showed relatively stable reconstructed chlorophyll a values, and no evidence of recent eutrophication, agreeing with measured chlorophyll a concentrations at the site. Changes in diatom assemblages and results of chlorophyll a reconstructions at Sombre Lake suggested that nutrient enrichment had occurred, which could be clearly linked to fluctuations in the measured water chemistry over the last 10-14 years. Despite recorded increases in recent nutrient inputs there was no apparent diatom response at Heywood Lake.

Justic, D., Rabalais, N.N. & Turner, R.E. (1995) Stoichiometric nutrient balance and origin of coastal eutrophication. Mar. Pollut. Bull., 30, 41-46.M (Marine)
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We present here an analysis of the stoichiometry of dissolved nutrients in 10 large world rivers, Amazon, Changjiang, Huanghe, Mackenzie, Mississippi, Po, Rhine, Seine, Yukon and Zaire, and in two river-dominated coastal ecosystems prone to eutrophication, the northern Adriatic Sea and the northern Gulf of Mexico. Our analysis suggests that proportions of dissolved silica (Si), nitrogen (N) and phosphorus (P) in rivers carrying nutrients of anthropogenic origin, as well as in the coastal waters strongly influenced by those rivers, have changed historically in a way that now closely approximates the Redfield ratio (Si:N:P=16:16:1). It is likely that coastal phytoplankton productivity has increased under these favourable nutrient conditions and was accompanied by an increasing incidence of noxious phytoplankton blooms and bottom water hypoxia.

Kauppila, P.H., P; Kokkonen, P; Basova, S (1995) Late summer phytoplankton species composition and biomasses in the Eastern Gulf of Finland. Ophelia, 42, 179-191.

The nutrient load of the River Neva and the St. Petersburg region strongly affects the trophic status of the eastern Gulf of Finland. The extent of eutrophication and its effect on the phytoplankton community were studied in the eastern Gulf of Finland in August 1990-1992. The phytoplankton of the easternmost part was dominated by an assemblage of fresh-water and brackish-water species, including numerous indicators of eutrophication. Inside the St. Petersburg flood-protection barrier, phytoplankton growth was limited, probably mainly by turbidity; and it consisted essentially of fresh-water cryptophytes. In 1990 and 1992, marine cryptophytes dominated in the open Gulf. The highest phytoplankton biomasses occured in the estuary outside the barrier, where polluted river water with a high N/P-ratio mixes with brackish deep water with a low N/P-ratio. The phytoplankton community in the Neva estuary was dominated by the blue-green alga Planktothrix agardhii. In 1991, strong outflow of river water pushed the bloom of  Planktothrix agardhii exceptionally far westwards. In addition to the heavy loading, meteorological and hydrographical factors strongly influence the distribution of blue-green algal blooms in the eastern Gulf of Finland.

Kebede, E. & Willen, E. (1998) Phytoplankton in a salinity-alkalinity series of lakes in the Ethiopian Rift Valley. Arch Hydrobiol Suppl Algol Stud, 124, 63-96.F (Freshwater)
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Samples of phytoplankton were collected from 10 lakes in the Ethiopian Rift Valley during the short rains in March-May 1991. Phytoplankton species composition and biomass were studied in relation to some environmental variables across a range of salinities and alkalinities. The lakes form a salinity series covering a range of < 0.5-45 g/L and alkalinity of 2.6-573 meq/L. Comparisons were made with other tropical lakes, and low alkaline saline lakes. A total of 206 phytoplankton species/taxa were recorded during the study, with lower number of species at higher salinity and alkalinity levels, reaching an almost unialgal population in the most saline, alkaline Lake Chitu. Highest number of species was recorded in Lake Koka, the most dilute lake in the series, and Lake Awassa with an intermediate salinity. Phytoplankton biomass showed no relationship with salinity and alkalinity. Cyanophytes, chlorophytes and diatoms were the most important groups among the lakes, and flagellates were not common. Cyanophytes, especially nitrogen-fixers, were prominent in lakes with high phytoplankton biomass (> 10 mg/L), an indication that nitrogen probably limits algal production. Salinity-alkalinity, and inorganic turbidity and mixing depth affecting the light climate, appear to play an especially important role in the structure of phytoplankton communities in the studied lakes.

Kimor, B. (1992) The impact of eutrophication on phytoplankton composition in coastal marine ecosystems In Marine Coastal Eutrophication. (Vollenweider, R.A., et al. eds.), pp. 871-878.M (Marine)
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Mediterranean (MED); Atlantic Northeast (ANE)

The response of coastal phytoplankton to eutrophication is discussed on the basis of a number of case histories reported from several regions of the Mediterranean and Baltic Seas. Nutrient enrichment from anthropogenic sources tends to stimulate the development of algal blooms in coastal waters, similar to red tides caused by natural processes. Concomitantly, a gradual down-shift in the size class structure of the phytoplankton is likely to occur towards a dominance of nanoplankton, chiefly microflagellates and coccoid forms.

Kirby, M.F., Blackburn, M.A., Thain, J.E. & Waldock, M.J. (1998) Assessment of water quality in estuarine and coastal waters of England and Wales using a contaminant concentration technique. Marine Pollution Bulletin [Mar Pollut Bull], 36, 631-642.
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analytical techniques

Water samples were taken from over 40 estuarine, nearshore and offshore sites in the U.K. during two CEFAS research cruises in 1993. The samples were processed using a bulk hexane extraction and concentration procedure and bioassayed using the marine harpacticoid copepod Tisbe battagliai. This process allowed the toxic effects of non-polar organic contaminants to be measured at all sites, expressed as the concentration factor required to elicit a 48 h median lethal response. Total hydrocarbons (THC) and polycyclic aromatic hydrocarbons (PAH) were also quantified to estimate their contribution to sample toxicity. Extracted contaminants were concentrated <10-300-fold for estuarine sites, 100-600-fold for nearshore sites and 350- > 1000-fold for offshore sites before toxicity was observed. A tentative water contamination ranking of the studied estuaries was established as Tees > Wear > Mersey > Tyne > Blyth, Poole Harbour, Southampton Water > Ribble, Dee, Lune. Chemical analysis revealed a weak but statistically significant correlation (-0.36 to -0.43) between total hydrocarbon concentrations in water and the concentration factor required to elicit a median lethal response. There was no correlation between a control determinand, algal fluorescence and toxicity. The results indicate that hydrocarbons may make a significant potential contribution to the toxicity of estuarine and coastal waters with a selected 10 PAH compounds estimated to be responsible for up to 18% of the total toxicity at one specific site. However, the cause of the majority of the toxic response remains unidentified. Although the technique is based on an acute endpoint, the high concentration factors required at near and offshore sites suggest that hexane extractable contaminants were not present at chronically toxic concentrations in the untreated seawater. However, at some estuarine sites, low concentration factors (<200-fold) suggested that these waters may be exhibiting chronic biological effects that are not always demonstrated by conventional bioassay-based monitoring.

Kitsiou, D. and Karydis, M. (2000) Categorical mapping of marine eutrophication based on ecological indices. The Science of The Total Environment, 255, 113-127.
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The present work is concerned with the development of methodological procedures for studying the spatial distribution of eutrophication in the marine environment. Seven ecological indices (S, number of phytoplankton species; N, total number of individuals; DMg, Margalef's index; DMn, Menhinick's index; DOd, Odum's species per thousand individuals; H', Shannon's Diversity index; E, Evenness index), based on phytoplankton community data collected from Saronicos Gulf, Greece were used for describing the eutrophication state of the sea environment. A representation of the spatial distribution for each ecological index was developed using the Inverse Distance Weighted (IDW) interpolation method. A eutrophication scale for each index was also developed for indicating four different trophic levels in the marine environment (eutrophic, upper-mesotrophic, lower-mesotrophic, oligotrophic); categorization of the interpolated values of each index resulted in a clear illustration of these trophic levels on seven thematic maps. Two methodological procedures were finally applied for synthesizing the information of these thematic maps. The purpose was the development of a final map illustrating the spatial distribution of eutrophication in the study area. The first procedure was based on the integration of unsupervised and supervised classification methods, widely used in the field of remote sensing, while the second one on the overlay technique, simply carried out within the frame of a Geographical Information System (GIS). The hybrid unsupervised/supervised classification method can assess the optimal number of classes in which data values from simultaneously considered parameters could be allocated, while the overlay technique is an additive procedure not taking into account existing trends in the dataset. The advantages and disadvantages of each procedure are further discussed.

Knauer, K., Ahner, B., Xue, H.B. & Sigg, L. (1998) Metal and phytochelatin content in phytoplankton from freshwater lakes with different metal concentrations. Environmental Toxicology and Chemistry [Environ Toxicol Chem], 17, 2444-2452.F (Freshwater)
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The trace metal (Cu, Zn, Cd, Mn) and phytochelatin (an intracellular chelator for metal ions) cellular content were determined in phytoplankton samples originating from four lakes (Greifen, Sempach, Lucerne, and Orta). The lakes differ in their metal concentrations and in other conditions (pH, trophic state, organic matter). Total and intracellular contents of Cu and Cd were related to the experimentally determined free metal ion concentration and the total and intracellular content of Mn to the dissolved Mn. The intracellular Zn content was tightly regulated over a broad range of [Zn super(2+)]. Phytochelatin concentrations were measurable in phytoplankton communities from three of the lakes, in spite of low levels of free Cu, Zn, and Cd ion concentrations. Culture experiments showed that the concentration of intracellular phytochelatin in Scenedesmus subspicatus and in a natural algal community increased upon addition of copper in a similar concentration range as in the lakes. Phytochelatin concentrations were below detection in the phytoplankton collected from the highly contaminated Lake Orta, perhaps suggesting that this algal community has adapted in some other way to high metal concentrations. Although we only sampled a few lakes, the lack of any clear relationship between phytochelatin and metal concentrations calls into question the feasibility of using phytochelatins as a bioindicator of metal exposure in lakes.

Konisky, R., Pagum, B., Reid, A., Schloss, J., Burdick, D. & New Hampshire Sea, G. (2000) Great Bay Coast Watch 1990-1999: A ten year report on the volunteer water quality monitoring of the Great Bay estuarine system.F (Freshwater); B (Brackish); M (Marine)
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The Great Bay Coast Watch (GBCW) was founded in 1990 to help protect the long-term health of New Hampshire's coastal environment through volunteer monitoring and education programs. At sites throughout the Great Bay Estuarine System, GBCW volunteers measure water temperature, pH, salinity, dissolved oxygen, transparency, fecal coliform bacteria, and phytoplankton. This ten-year report describes sampling methods and presents the findings to date. The information contained here may be useful to educators, researchers, resource managers and interested citizens alike.

Kononen, K. (1988) Phytoplankton summer assemblages in relation to environmental factors at the entrance of the Gulf of Finland during 1972-1985. Kieler Meeresforsch. Sonderh., 6, 281-294.Monoraphidium as eutrophication indicator (p. 291)

Kononen, K., Huttunen, M., Kanoshina, I., Laanemets, J., Moisander, P. & Pavelson, J. (1999) Spatial and temporal variability of a dinoflagellate-cyanobacterium community under a complex hydrodynamical influence: A case study at the entrance to the Gulf of Finland. Mar Ecol Prog Ser, 186, 43-57.M (Marine)
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Variability of nutrients and pelagic biological parameters (primary production and chlorophyll a [chl a] in flagellate and cyanobacterial size fractions, nitrogen fixation, phytoplankton species abundance) was followed for 12 d in July 1996 at an anchor station at the entrance to the Gulf of Finland. Simultaneously, meso-scale physical fields and plankton distribution were mapped over the surrounding 15 x 30 km area. The study period coincided with the intense blooming of a dinoflagellate Heterocapsa triquetra and cyanobacterium Aphanizomenon flos-aquae community. A complex background of hydrodynamical processes was observed in the study area, including downwelling, formation and development of an anticyclonic eddy and jet currents. Our hypothesis was that the horizontal scale of patches decreases and the variation of biological parameters increases when moving from the overall community level (chl a) to the size class level and further to the species level. The horizontal distribution of chl a was closely related to the different water masses, but the distribution of the 2 dominant species differed and showed high variability even within water masses. The temporal variability of the pelagic biological parameters at the anchor station (estimated by the coefficient of variation) was between 25 and 95% and it may be explained by horizontal patchiness. The results confirmed our hypothesis by showing that the coefficient of variation of summational parameters (total chl a, total primary production) was always lower than that of parameters specific to plankton size (chl a and primary production in <20 and >20 mu m size classes), functional group (diazotrophs) or species. Phytoplankton in the size range equal to or greater than 20 mu m exhibited particularly pronounced variability, while the smaller size fractions were less affected.

Kononen, K. & Kiel Univ. . Inst. fuer, M. (1988) Phytoplankton summer assemblages in relation to environment factors at the entrance to the Gulf of Finland during 1972-1985 In The Baltic Sea Environment. History Eutrophication Recruitment Ecotoxicology. (Theede, H. & Schramm, W. eds.), pp. 281-294.M (Marine); B (Brackish)

eutrophic waters; ecological succession; annual variations; pH effects; weather ; salinity effects; phosphorus compounds; nitrogen compounds; environmental effects; biomass ; chlorophylls ; correlation analysis; community composition; long term changes; ANE, Baltic; ANE, Finland Gulf; phytoplankton; Atlantic Northeast (ANE)

12-year quantitative phytoplankton data collected in the Tvaerminne sea area in Jun-Aug from 1972-1985 were analysed in relation to environmental data collected at the same time. This was done by principal component analysis followed by canonical correlation analysis. A phytoplankton species succession which took place parallel to the increase in temperature was found to be the most important factor causing variation in species composition. The second most important factor was a change in phytoplankton species composition from the early 1970's towards the 1980's. This followed the same pattern as nutrient levels and total phytoplankton biomass. The species primarily responsible for the change were nanoplanktonic forms, such as unidentified flagellates, Cryptomonas spp., Monraphidium contortum and Microcystis reinboldii , and the heterotroph, Ebria tripartita .

Kononen, K., Kuparinen, J., Makela, K., Laanemets, J., Pavelson, J. & Nommann, S. (1996) Initiation of cyanobacterial blooms in a frontal region at the entrance to the Gulf of Finland, Baltic Sea. Limnol. Oceanogr., 41, 98-112.M (Marine)
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Atlantic Northeast (ANE)

A 2-week multidisciplinary study of the physical, chemical, and biological mechanisms controlling the initiation of the late summer blooms of the diazotrophic cyanobacteria, Aphanizomenon flos-aquae Ralfs and Nodularia spumigena Mertens, in the Baltic Sea was carried out in a frontal region at the entrance to the Gulf of Finland in July 1993. The front is formed by inflowing saltier waters of the northern Baltic proper and outflowing fresher waters from the gulf, and its position and shape are largely controlled by wind conditions. In general, the waters of the northern Baltic proper are less stratified than the outflowing less-saline waters. At the time of the study, the two major water masses differed in terms of phytoplankton community structure, both at species level and at the level of functional groups. Wind-induced vertical mixing was instrumental in bringing nutrient pulses to the upper mixed layer in the less-stratified, high-saline water mass. Nutrient pulses were followed by enhancement of primary productivity and assimilation number (primary productivity/Chl a) in cyanobacterial (>20 mu m) and flagellate (<20 mu m) size fractions. It is proposed that mesoscale blooms of A. flos-aquae benefit from the nutrient-pulsing events. Calm weather and solar heating, as reflected by rising temperatures in the upper mixed layer and overriding of water masses in the frontal region, resulted in substantial shallowing of the upper mixed layer, which initiated the bloom of N. spumigena.

Kononen, K., Lahdes, E.O. & Groenlund, L. (1993) Physiological and community responses of summer plankton to nutrient manipulation in the Gulf of Finland (Baltic Sea) with special reference to phosphorus. Sarsia, 78, 243-253.M (Marine)
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Summer plankton communities from two locations in the central and western Gulf of Finland (Stns LL6 and JML, respectively), characterized by different nutrient dynamics, were manipulated with nitrogen and phosphorus additions in the laboratory. The aim was to study whether these populations would show indices of different phosphorus physiology or community structure. We were especially interested to determine whether the growth of diazotrophic filamentous cyanobacteria could be stimulated by phosphorus additions. No growth of these species was observed with daily addition of nutrients. The most evident population response was that of the small-size fraction organisms (< 10 mu m) in both experiments to N + P additions. In the size fraction > 10 mu m the species favored by the nutrient additions were Dictyosphaerium subsolitarium Van Goor in the central part and Snowella sp. in the western part of the Gulf. Phosphorus turnover rates measured by super(32)P-uptake were faster in the control and N-supplemented samples, as well in the exp-LL6 sample with N + P addition. The behaviour of the alkaline phosphatase activity was best explained by the ambient DIN : DIP ratio. The PN : PP ratios in exp-LL6 indicated more phosphorus deficiency than in exp-JML. Our conclusion is that were was difference in both population dynamics and biochemical indices between the central and western sea areas showing more signs of phosphorus deficiency in the central area of the Gulf.

Korneva, L.G. & Mineeva, N.M. (1996) Phytoplankton composition and pigment concentrations as indicators of water quality in the Rybinsk Reservoir In Proceedings of the First International Lake Ladoga Symposium: Ecological Problems of Lake Ladoga Held in St. Petersburg, Russia, 22 26 November 1993. (Simola, H., et al. eds.), pp. 255-259.F (Freshwater)
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Long-term changes in phytoplankton (1954-1981) and chlorophyll (1969-1984) and their spatial distribution in summer 1989 were studied in the Rybinsk Reservoir (second largest reservoir of the Volga River, North-West Russia). Estimation of trophic status and saprobity of the reservoir was based on phytoplankton biomass and species composition and chlorophyll content. The most eutrophic waters were found to occupy the peripheral areas in littoral zone and river inflows of the reservoir, while the waters in the central part of the basin were less eutrophic. Long-term changes of the phytoplankton biomass, chlorophyll, chlorophyll/biomass-ratio and saprobity index observed in the central part of the reservoir were analyzed by statistical methods. An increase in saprobity and an inverse relationship between chlorophyll/biomass-ratio and water transparency demonstrate progressive eutrophication in the central part of the reservoir. Two distinct periods (1954-1970 and 1971-1984) could be discerned on the basis of annual mean phytoplankton biomass values. For the earlier period a relationship between biomass and climatic factors (solar radiation and wind velocity) could be established, but no such correlation could be found for the latter period. There was no significant increase in the phytoplankton biomass during the monitoring period, but a definite increase in the proportion of small-sized species of centric diatoms, cryptomonads and blue-greens. These forms are considered as r-strategists in the community, and their increase is interpreted as a sign of eutrophication.

Krienitz, L., Kasprzak, P. & Koschel, R. (1996) Long term study on the influence of eutrophication, restoration and biomanipulation on the structure and development of phytoplankton communities in Feldberger Haussee (Baltic lake district, Germany). Hydrobiologia, 330, 89-110.F (Freshwater)
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Feldberger Haussee provides a classic example of eutrophication history of hardwater lakes in the Baltic Lake District (Germany) and of changes in their algal flora during the 20th century. The lake originally was regarded as slightly eutrophic. A process of drastic eutrophication from the 1950s until the end of the 1970s caused mass developments of blue-green and green algae. A restoration program was started in the 1980s to improve the water quality of the lake using both diversion of sewage outside the catchment area, and biomanipulation by altering the fish community. This restoration program led to positive changes in the lake ecosystem. Direct effects of biomanipulation resulted in an increase of herbivorous zooplankton, a decrease of phytoplankton biomass, and an increase of water transparency. The recovery of Feldberger Haussee also may have been indirectly enhanced by an increase in nutrient sedimentation as a consequence of intensified calcite precipitation, decrease in phosphorus remobilization due to a pH-decrease, increased N/P-ratio, and recolonization of the littoral zone by macrophytes. This paper concentrates on the long term development of the phytoplankton community as a response to changes in the food web structure as well as to alterations in the chemical environment of the algae. Both are reflected in four major stages passed by the algal assemblage between 1980 and 1994: (1) From 1980-summer 1985 dense green algal populations were found indicating similar conditions as in the 1970s during the period of maximum eutrophication. (2) A diverse phytoplankton community during summer 1985-1989 showed the first effects of a recovery. (3) From 1990-1992 the phytoplankton was characterized by ungrazeable filamentous blue-green algae first of all as a response to increased herbivory of zooplankton on edible species and to increasing N/P-ratios. (4) Finally, the algal species diversity increased in 1993 and 1994 whereas the phytoplankton biomass decreased showing the success of the combined restoration measures.

Kuemmerlin, R.E. (1998) Taxonomical response of the phytoplankton community of Upper Lake Constance (Bodensee-Obersee) to eutrophication and re-oligotrophication In Lake Constance Characterization of an ecosystem in transition, pp. 109-117.F (Freshwater)
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Large and deep Lake Constance underwent pronounced eutrophication from the beginning of this century until about 1980. Since then total phosphorus concentrations during winter mixing (TP sub(mix)) decreased from exceeding 80 to 22 mu g/L in 1996 implying a change from meso-eutrophic to more oligotrophic conditions. The taxonomical composition of the phytoplankton community, which has been studied throughout this century, did not exhibit major variations until the thirties. Then, Cyclotella species lost gradually their dominance and the abundance of Tabellaria fenestrata rose indicating mesotrophic conditions. The latter was replaced by Stephanodiscus at maximum eutrophication. Despite the rather high values of TP sub(mix) at that time, only half of all species found are regarded as specific indicators of eutrophication. During the about 15 years of re-oligotrophication, pronounced changes were observed in the taxonomic composition without a time lag. Numerous species which disappeared or occurred in lower densities at maximum eutrophication, such as Tabellaria and Cyclotella, were found again in recent years and have gained increasing importance. This suggests that studies of the taxonomical composition of phytoplankton species provide a powerful tool to detect early responses to environmental changes. The total algal biovolume was continuously measured from 1951 onwards. Its annual average revealed a strong relationship with TP sub(mix) at low nutrient conditions (ca. 8-40 mu g/L) and varied more pronouncedly at higher ones.

Kurtz, J.C., Jackson, L.E. & Fisher, W.S. (2001) Strategies for evaluating indicators based on guidelines from the Environmental Protection Agency's Office of Research and Development. Ecological Indicators, 1, 49-60.
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The Environmental Protection Agency's Office of Research and Development (ORD) has prepared technical guidelines to evaluate the suitability of ecological indicators for monitoring programs. The guidelines were adopted by ORD to provide a consistent framework for indicator review, comparison and selection, and to provide direction for research on indicator development. The guidelines were organized within four evaluation phases: (1) conceptual relevance; (2) feasibility of implementation; (3) response variability; (4) interpretation and utility. Three example indicators were analyzed to illustrate the use of the guidelines in an evaluation. The examples included a direct chemical measurement (dissolved oxygen concentration), an estuarine benthic community index, and a stream fish community index of biotic integrity. Comparison of the three examples revealed differences in approach, style and types of information used to address each guideline. The Evaluation Guidelines were intended to be flexible within a consistent framework and the various strategies used in the examples demonstrate that the process can be useful for a wide variety of indicators and program objectives.

Labunskaya, E.N. (1993) Saprobiological evaluation of the state of waters in the Lower Volga based on phytoplankton.F (Freshwater)
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A quantitative and qualitative characterization of the seasonal development of phytoplankton and saprobiological state of waters based on indicator species according to the Pantle-Buck method are given based on results of an analysis of 1984-1988 data for algal communities of the lower Volga and delta distributaries, and an ecological-sanitary classification of land surface waters was developed. Seasonal and spatial variations of the values of saprobity indices are shown. A negative effect of waters of the Volgograd reservoir and Astrakhan industrial complex on water quality of the Lower Volga was found. A dependence of the dynamics of phytoplankton development and saprobiological conditions on hydrological parameters was established. Deterioration (from -o- beta to alpha - beta -mesosaprobic) saprobiological conditions compared to the situation in the mid-1970s was noted.

Labunskaya , E.N. (1994) Investigation of northern Caspian Sea phytoplankton as an indicator of pollution. Water Resour.;Vodnye Resursy, 21, 398-403;vol. 321, no. 394, pp. 432-437.F (Freshwater)
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The dynamics of phytoplankton development depending on the Volga runoff volume in 1984 and 1985, as well as seasonal successions of algal communities in some areas of the Caspian Sea are shown. The bloom caused by the intensive development of large-sized diatoms from the Centrophycea class in the fall and a certain improvement of the quality of the northern Caspian Sea water from moderately polluted to polluted and again to moderately polluted, observed in the period from spring to the end of summer are noted. The pollution level increased in the fall of the wet year of 1985, but remained within the limits of class III quality.

Labunskaya , E.N. (1994) Studies of the northern Caspian Sea phytoplankton as a pollution indicator. Vodn. Resur., 21, 431-436.M (Marine)
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The paper presents data on the dynamics of phytoplankton development in 1984 and 1985 in relation to the Volga discharge volume and on interseasonal successions of algocoenoses in different sea areas. Most of the indicator species are typical for the zone of moderately polluted waters. Polluted water indicator algae are more abundant in the area adjacent to the Volga mouth and in the Kulaly I area. The saprobiological water quality indices decrease from moderately polluted with a tendency toward polluted in spring to moderately polluted in late summer. In autumn 1984 the water quality remained unchanged. With an increase in the discharged volume in 1985 the saprobic indices increased due to secondary eutrophication but remained within the limits characteristic of moderately polluted waters.

Le Pape, O., Amo, Y.D., Menesguen, A., Aminot, A., Quequiner, B. & Treguer, P. (1996) Resistance of a coastal ecosystem to increasing eutrophic conditions: the Bay of Brest (France), a semi-enclosed zone of Western Europe. Cont Shelf Res, 16, 1885-1907.M (Marine)
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Atlantic Northeast (ANE)

The Bay of Brest is a semi-enclosed coastal ecosystem receiving high nutrients loading from freshwater inputs. In order to analyse the response of phytoplankton stocks to increasing eutrophic conditions, a survey of the annual cycle of hydrographic properties, nutrients and chlorophyll a concentrations, and carbon uptake rates were performed at four stations in 1993. This database has been compared to earlier measurements performed during several comparable surveys within the last 20 years. As compared to the seventies, a doubled nitrate loading is now entering this ecosystem, which is related to increased agricultural activities on the drainage basins, while the geographical origin of the nitrate input has been modified. As a result of these anthropogenic modifications, summer averaged Si/N stoichiometric balance has decreased during to two last decades but, contrary to what has been observed in other coastal ecosystems, phytoplankton stocks have not increased. Several ecological factors have hindered eutrophication: the high hydrodynamic mixing with adjacent marine waters, caused by the macrotidal regime, induces important nutrients losses, temperature and mostly light limit primary production while Si and P high recycling maintain nitrogen limitation in this ecosystem. Conjunction of these non-anthropogenic factors explains the global stability of phytoplankton stocks.

Le Pape, O. & Menesguen, A. (1997) Hydrodynamic prevention of eutrophication in the Bay of Brest (France), a modelling approach. Journal of Marine Systems, 12, 171-186.M (Marine); B (Brackish)
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The Bay of Brest is a semi-enclosed coastal ecosystem where primary production is nutrient-limited, even if huge nutrients loading from tributaries are present. The most striking feature of the bay is the semi-diurnal tidal influence, resulting in large water exchange with the continental shelf. A historical study of the available data has shown the steadiness of this ecosystem during the two last decades in spite of increasing eutrophic conditions. This study has focused on hydrodynamic exchange which is one of the factors supposed to explain the resistance of this ecosystem to eutrophication: this stirring hinders the formation of a persistent upper mixed layer where phytoplankton would be in contact with nutrient-rich brackish waters and available light. Moreover, horizontal tidal currents lead to huge exchanges with the Iroise Sea and, then, to big losses of nutrients and living matter. To study this hydrodynamic influence thoroughly, a physical/biological model of this bay has been developed. This box model, based on the horizontal tidal circulation, has been developed thanks to "ELISE", an ecological modelling software and, then, tuned and validated on two data sets corresponding with the years 1977 and 1993. The model has allowed us to quantify the influence of hydrodynamics, climatic conditions and biological factors on biogeochemical processes in this ecosystem. It contributes to explain the good resistance of the Bay of Brest ecosystem to eutrophic conditions; both the hydrodynamic properties of this bay and the grazing pressure have prevented it from disturbances caused by high nitrogen loading from the watersheds and explain the steadiness of phytoplankton stocks in spite of increased loading. So, these results allow us to say that, even if nitrogen inputs increase continues, phytoplankton stocks will not increase in significant proportions. Nevertheless, changes in the phytoplanktonic populations may occur if such an enrichment continues.

Legovic, T. (1979) When is the phytoplankton biomass a reliable indicator of eutrophication? /[Presented at:- Round Table on Problems of Plankton in the Adriatic; Trieste (Italy); 14 Apr 1978].M (Marine)
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The effects of eutrophication and harvesting of the top predators on the stability and distribution of steady states of a food chain have been investigated. Food chains that are considered include a general chain, a forced one and a self-generated Volterra chain. It has been concluded that while eutrophication might destabilize a food chain, harvesting the top predator of an enriched chain tends to stabilize it. Both eutrophication and harvesting cause uneven distribution of biomass in trophic levels. Dependence of the phytoplankton response on the number of trophic levels in the chain suggests that it might not be a reliable indicator of eutrophication since the number of trophic levels varies within a year in an aquatic ecosystem. The only suitable indicator is the phytoplankton population, which has no predators in the ecosystem.

Lehn, H. (1980) (Phytoplankton during the eutrophication phase of Lake Constance.). Verh. Ges. Oekol., 8, 363-372.F (Freshwater)
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During the eutrophication phase of Lake Constance the density of phytoplankton rose in the deep Obersee to more than the double, and in the shallow Gnadensee to the quadruple; the "Sigmoid" increase (with 10-20 mg/m super(3) dissolved phosphate-phosphorus) was strongest in the sixties. Especially the small phytoplankton forms (Cryptomonads and centric Diatomeae) increased enormously and displaced the larger forms Pennales to a new summer peak. The Pennales and the Chrysophyceae became scarce, while the Chlorophyceae and the Cyanophyceae increased in summer and in autumn. The decrease of phosphate, caused by waste water purification, allows to expect an equivalent decrease of the phytoplankton density and an increase of the oxygen content in the deep water - according to the observed consequences of phosphate decrease. For a stabilization of Lake Constance a phosphate phosphorus content of less than 10 mg/m super(3) is required.

Li, B., Wang, Y. & Zhang, L. (1993) An evaluation of water pollution and eutrophication in the Dalaihu Lake using phytoplankton communities. Acta Hydrobiol. Sin. Shuisheng Shengqu Xuebao., 17, 27-34.F (Freshwater)
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The seasonal changes in the ecological features of phytoplankton community including species composition, population size, dominant species, saprobic indicators, diversity index, diatom biotic index, comprehensive index ect, were preliminarily studied at 30 sampling stations in the Dalaihu Lake, Manzhouli. By using population densities (individuals and cells per litre), dominant species, saprobic indicators, diatom biotic indices and comprehensive index as the important biological parameters, the trophic level and saprobic degree were evaluated for both the whole and subareas of the lake. In the Dalaihu Lake, the annual mean density of phytoplankton reached 54.7 x 10 super(6) cells per litre or 2.3 x 10 super(6) individuals per litre. The diatom biotic index was 149.3, the comprehensive index was 5.6 and the saprobic indicators comprised 65% of the total species in the community. In Spring, the dominant species of planktonic algae were almost entirely composed of green algae, especially Crucigenia quadrata) and Oocystis . In Summer, Autumn and Winter, the dominant species of planktonic algae were almost entirely composed of blue-green algae, especially Microcystis (M. aeruginosa and M. flos-aquae ) and Anabaena (A. spiroides and A. flos-aquae ). All these features indicate that the lake has suffered from moderate pollution and can be regarded as a blue-green and green algae-eutrophic lake.

Marasovic, I. & Pucher Petkovic, T. (1991) Eutrophication impact on the species composition in a natural phytoplankton community In Ecological Problems in the Adriatic Sea. A Symposium Held in Split, Croatia, 7 9 November, 1990., pp. 719-729.M (Marine)
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Mediterranean (MED)

An attempt has been made to estimate the proportion of dinoflagellate group in the total phytoplankton production of coastal middle Adriatic waters (Kastela Bay) on the basis of long-term data series on the phytoplankton cell counts and level of primary organic production. The results of this analysis show considerable changes in the coastal sea (Kastela Bay). These changes are manifested in the relationship between phytoplankton groups within the phytoplankton community which from a community of markedly diatom type has gradually been transformed into a community of dinoflagellates. An increase of dinoflagellate proportion is accompanied with a respective increase of primary production. These results have also been compared to the results of eutrophication trend in the Kastela Bay. It has been established that these parameters are closely related.

Marwood, C.A., Smith, R.E., Solomon, K.R., Charlton, M.N. & Greenberg, B.M. (1999) Intact and Photomodified Polycyclic Aromatic Hydrocarbons Inhibit Photosynthesis in Natural Assemblages of Lake Erie Phytoplankton Exposed to Solar Radiation. Ecotoxicology and Environmental Safety [Ecotoxicol Environ Saf], 44, 322-327.F (Freshwater)
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Recently, there has been a trend toward less turbid water and greater light penetration in parts of western Lake Erie. This could lead to greater phototoxicity from sediment-bound polycyclic aromatic hydrocarbons. To test photosynthesis as a bioindicator of contaminant impacts on algae, water samples containing natural assemblages of phytoplankton were collected from the western and central basins of Lake Erie. These samples were incubated with 0.2 to 2 mg L super(-1) anthracene or its photomodified product 1,2-dihydroxyanthraquinone for 60 min in darkness or in 50% sunlight, to mimic exposure of phytoplankton in the photic zone of a mixed water column. Photosynthetic efficiency was determined from filtered phytoplankton immediately after exposure using a pulse-amplitude modulated chlorophyll fluorometer. Phytoplankton incubated with chemicals in the dark demonstrated chlorophyll fluorescence values similar to those of controls. However, exposure to anthracene or 1,2-dihydroxyanthraquinone in sunlight diminished photosystem II photosynthetic efficiency and photosynthetic quantum yield in a concentration-dependent manner. Anthracene inhibited photosynthesis at lower concentrations than 1,2-dihydroxyanthraquinone, which is consistent with the different modes of action and toxic strengths of these two contaminants. These results demonstrate that phytoplankton in Lake Erie can be subject to phototoxicity from intact and photomodified polycyclic aromatic hydrocarbons after very short exposures. Further, chlorophyll fluorescence was found to be an effective bioindicator in the field for this form of chemical stress.

Meeuwig, J.J. (1999) Predicting coastal eutrophication from land-use: An empirical approach to small non-stratified estuaries. Mar Ecol Prog Ser, 176, 231-241.M (Marine)
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Few models exist to directly and quantitatively predict the effect of land-use on coastal water quality even though it is recognized that land-use is a major determinant of coastal water quality. Such models are needed because (1) land-use is a major source of nutrients transported to estuaries, (2) land-use integrates multiple factors that may determine the mean algal biomass and (3) land-use is more easily managed than single nutrients when nutrient sources are nonpoint. Regression models accurately predict lake eutrophication as a function of land-use. Similar models do not exist for estuaries. A data set was compiled for 15 estuaries in Prince Edward Island (PEI), Canada, that includes phytoplankton biomass as chlorophyll a (chl), total phosphorus (TP), total nitrogen (TN), estuary morphometry and land-use characteristics. A regression model predicting chl as a function of estuary volume and area of agriculture was developed. This model accounts for 68% of the variance in chl, a level similar to that of models based on TN (r super(2) = 0.72) or total phosphorus (r super(2) = 0.66). The estuary models based on land-use and total nutrients demonstrate low yields of chl when compared to analogous lake models; this low yield is likely attributable to high levels of herbivory by suspension feeding mussels. Despite these low yields, the pattern between chl and land-use is sufficiently accurate such that environmental managers can predict the effects of changing land-use on estuary water quality in PEI with a known level of error.

Meng, R. & Liu, Z. (1988) An evaluation of water pollution and eutrophication of the Chaohu Lake by means of phytoplankton. Acta Hydrobiol. Sin. Shuisheng Shengwu Xuebao., 12, 13-26.F (Freshwater)
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Seasonal ecological features of the phytoplankton community including its species composition, population size, dominant species, saprobic indicator, diversity index and diatom biotic index were studied at 22 sampling stations in Chaohu Lake, Anhui Province China. By using population densities (individuals and cells per litre), dominant species, saprobic indicators and diatom biotic indices as the important biological parameters for monitoring and evaluating pollution conditions of water quality, the trophic level and saprobic degree of the lake were evaluated as a whole, and in subareas.

Mihnea, P.E. (1985) Phytoplankton diversity indices as eutrophication indicators of the Romanian inshore waters.M (Marine)
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Mediterranean (MED)

Some 1396 phytoplanktonic samples from Romanian coastal waters were analyzed during 1979-1983 and 1985. Structure peculiarities of the phytoplanktonic community as species number, dominance, total density, index of diversity, evenness, in an eutrophicated area are presented. The significance of diversity index (H') and the use for a complete description of phytoplankton are discussed.

Mills, D., Gowen, R. & Woods, E. (1997) Observation and simulation of the spring bloom in the north-western Irish Sea. Journal of Plankton Research [J Plankton Res], 19, 63-77.
Spring ; Algal blooms; Simulation ; Environmental factors; Algae ; ANE, Irish Sea
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A two-layer, coupled physical-biological model was used to investigate phytoplankton dynamics in the north-western Irish Sea. The model was parameterized with values obtained from the published literature, and predicted the concentration of chlorophyll and dissolved inorganic nitrogen in an upper and lower layer. Simulations were driven with measured hourly values of meteorological data. The timings of the spring bloom predicted by the model at a summer thermally stratified site and a vertically mixed site were compared with observations made during 1992. At the mixed site, good agreement was found between the model and observations. At the stratified site, the results are less satisfactory and show that the model predicted a spring bloom 13 days later than observed. The difference was probably due to overestimation of the surface mixed-layer depth leading to underestimation of upper-layer irradiance. A simple numerical experiment demonstrated that the timing of the spring bloom was best simulated using the maximum theoretically justifiable value of photosynthetic efficiency.

Molot, L.A., Heintsch, L. & Nicholls, K.H. (1990) Response of phytoplankton in acidic lakes in Ontario to whole-lake neutralization. Can. J. Fish. Aquat. Sci., 47, 422-431.F (Freshwater)

acidification ; buffers ; phytoplankton ; oligotrophic lakes; habitat improvement chemical; Canada, Ontario, Bowland L.; Canada, Ontario, Trout L.; Canada, Ontario; chemical limnology; environmental management

Changes in phytoplankton community composition were examined in two acidic lakes in Ontario, Bowland and Trout Lakes, to determine whether neutralization (and subsequent stocking with lake trout (Salvelinus namaycush ) in the case of Bowland Lake) would reverse acidic characteristics. Analysis of community percentage similarity showed that year-to-year variability in phytoplankton community structure would have been low in the absence of neutralization. While changes in phytoplankton biovolumes or chlorophyll a concentration after neutralization were not significant, there were several taxonomic changes. The results suggest that structural changes (taxanomic maintained stability of the phytoplankton communities under chemical stress (in terms of standing crop).

Morling, G. & Willen, T. (1990) Acidification and phytoplankton development in some West-Swedish lakes 1966-1983. Limnologica., 20, 291-306.F (Freshwater)
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acidification

During the period 1966-1983 biological and chemical changes were analysed in some acidified lakes and in a non-acidified lake in the area of Lygners Vider. Western Sweden. Three different phases of the acidification process could be distinguished: a "normal" phase (1966-1969), the real acidification phase (1970-1977), and thirdly, the stabilized or slightly recovering phase (1978-1983). The acidification did not markedly change the number and composition of phytoplankton, but corresponding phases of the phytoplankton development and abundance could be followed in detail. Several cyanophyceans, some chrysophyceans, some chrysophyceans and chlorophyceans and a few other algae disappeared after phase I. During phase III a smaller recolonization was observed.

Mouvet, C. (1984) The use of aquatic bryophytes to monitor heavy metals pollution of freshwaters as illustrated by case studies In Congress in France 1983. Proceedings., pp. 2420-2425.F (Freshwater)
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They focus on aquatic bryophytes to demonstrate that they fit best all the ideal characteristics of a biological indicator. These characteristics have been used in different case studies which will be illustrated in the paper: chromium pollution from a tannery, lead and zinc from iron and steel basin, chromium and copper from plating industry.

Munawar, M. & Legner, M. (1993) Detection of metal toxicity using natural phytoplankton as test organisms in the Great Lakes. Water Pollut. Res. J. Can., 28, 155-176.F (Freshwater)
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This paper presents an overview of techniques utilizing natural phytoplankton for the detection of metal-induced stress in the Great Lakes. Both field and laboratory procedures are designed to evaluate either structural changes or functional response of test organisms. This up-to-date compendium provides a choice of techniques, which permits a holistic assessment of the stress caused by toxic metals. Recently introduced techniques, such as normalized size spectra analysis, flow cytometry, and the evaluation of a continuous-flow system response to metal toxicity, are discussed in more detail to explore their future potential. Owing to their key position in the food web, high turnover rates, abundance, and sensitivity to environmental perturbation, phytoplankton serve as reliable early warning indicators of ecosystem deterioration and its restoration.

Munawar, M. & Munawar, I.F. (1991) Is community structure of Lake Ontario phytoplankton changing? In THE 34th CONFERENCE OF THE INTERNATIONAL ASSOCIATION FOR GREAT LAKES RESEARCH, JUNE 2 6, 1991. PROGRAM AND ABSTRACTS., pp. 59.F (Freshwater)
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Since 1970 Fisheries and Oceans Canada has been monitoring long-term changes of the community structure of Lake Ontario phytoplankton for species and size composition. Lakewide evaluation revealed significant reductions of several taxonomic groups of phytoplankton such as Cyanophyta, Chlorophyta, Chrysophyceae, and Cryptophyceae. Most of the statistically significant changes were due to Fluctuations of Chlorophyta and Cyanophyta. Possible ecological implications of the long-term structural changes of Lake Ontario phytoplankton will be discussed.

Naldi, M. & Wheeler, P.A. (1999) Changes in nitrogen pools in Ulva fenestrata (Chlorophyta) and Gracilaria pacifica (Rhodophyta) under nitrate and ammonium enrichment. Journal of Phycology [J Phycol], 35, 70-77.M (Marine)
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The accumulation of nitrogen in different cellular pools by the macroalgae Ulva fenestrata (Postels and Ruprecht) (Chlorophyta) and Gracilaria pacifica (Abbott) (Rhodophyta) was studied in a laboratory experiment. After 8 or 9 days of nitrogen enrichment, nitrate, ammonium, free amino acid (FAA), protein, chlorophyll (chl), phycoerythrin (PE), and insoluble nitrogen pools were extracted and analyzed, and their relative contribution to total nitrogen (TN) was assessed. In U. fenestrata, the nitrate and ammonium enrichments resulted in a significant increase of TN from 2.41% dry weight (dw) to 4.19% and 4.71% dw, respectively. All the extracted N pools increased significantly. In G. pacifica, TN increased more under ammonium enrichment than under nitrate enrichment. In both macroalgae, proteins and FAA were the most important N storage pools. Protein-N ranged from 700 to 2300 mu mol N times g dw super(-1) (43%-66% of TN) and contributed the most to TN increase (41%-89%). The FAA pool was always larger in G. pacifica than in U. fenestrata. In both species, the FAA pool accounted for 4%-17% of TN (70-600 mu mol N times g dw super(-1)). In U. fenestrata, nitrate can represent a temporary storage pool: it accumulated up to 200 mu mol N times g dw super(-1) (7% of TN) and contributed more than FAA to overall increase in cellular nitrogen. In contrast, G. pacifica had a small nitrate pool. The PE pool in G. pacifica increased with TN but was never more than 9% of total protein-N or 6% of TN, and it was less important than FAA as a storage pool. All TN was recovered in the extracted and insoluble N pools at the end of the experiment in U. fenestrata. In G. pacifica, the extracted and insoluble N pools accounted on average for 83%-90% of TN.

Nicholls, K.H., Nakamoto, L. & Keller, W. (1992) Phytoplankton of Sudbury area lakes (Ontario) and relationships with acidification status. Can. J. Fish. Aquat. Sci., 49, 40-51.F (Freshwater)
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Phytoplankton data from samples collected in July 1981 from 111 lakes in the Sudbury area were analyzed by canonical community ordination analysis and other techniques to reveal associations of taxa which were related to environmental gradients among the lakes. Phytoplankton data from a group of seven lakes sampled in the mid-1970's or early 1980's and in the mid-1980's were analyzed for evidence of temporal change. In both data sets, factors related to trophic status and acidification status were inferred to be important controlling variables. Well-defined relationships existed between lake alkalinity, pH, and total numbers of phytoplankton taxa. The smaller data set included lakes subjected to recent decreases in acid deposition and corresponding increases in pH over a 10-yr interval, and the increased numbers of phytoplankton taxa were indicative of recovery from earlier acidification.

Nicholls, K.H., Robinson, G.W., Taylor, R. & Carney, E.C. (1988) Phytoplankton and phosphorus in southern Georgian Bay, 1973-1982, and implications for phosphorus loading controls In Limnology and Fisheries of Georgian Bay and the North Channel Ecosystems. (Munawar, M. ed.), pp. 85-93.F (Freshwater)
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The phytoplankton and nutrient status of the embayments between Penetanguishene and Waubaushene in southern Georgian Bay (Severn Sound) were examined during the ice-free periods of 1973-1982 because the area showed symptoms of excessive nutrient enrichment. Four wastewater treatment plants currently discharge to the area, another is under construction and a sixth plant has been proposed. Except for Penetang Bay, the area is well-mixed by prevailing winds but is somewhat isolated from the main part of Georgian Bay. Average phytoplankton biomasses throughout the area were 10-20x higher than values from adjacent Nottawasaga Bay where, during 1980, total phytoplankton biomass ranged between 0.15 and 0.25 mm super(3)/l. Total phosphorus concentrations were highest in Penetang Bay, ranging between 30 and 49 mu g P/1 (May-September means) over the 10 year period. Phosphorus concentrations in Nottawasaga Bay averaged 4-6 mu g P/l and no significant differences were detected among the sampling stations; however, phytoplankton densities at stations near urban centres and river inflows were significantly higher than at more remote offshore sites and attests to the use of phytoplankton as a sensitive measure of trophic status in Georgian Bay. Although improvement of Severn Sound water quality to a level comparable to that presently existing in Nottawasaga Bay may never be practical, steps are being taken to control high industrial phosphorus loading and to lessen bypassing of sewage treatment facilities previously hydraulically overloaded during periods of heavy runoff. These measures, along with an evaluation of other major sources of nutrients to Severn Sound, should enable a refinement of the nutrient management programme for Severn Sound and some improvement in trophic status. (DBO)

O' Donohue, M.J.H. & Dennison, W.C. (1997) Phytoplankton productivity response to nutrient concentrations, light availability and temperature along an Australian estuarine gradient. Estuaries, 20, 521-533.M (Marine); B (Brackish); F (Freshwater)
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Phytoplankton productivity and the factors that influence it were studied in the Logan River and southern Moreton Bay, a large embayment on the east coast of Australia. Phytoplankton productivity, dissolved and total nutrient concentrations, and turbidity were determined throughout high and low rainfall periods to characterize light and nutrient influences on productivity. Turbidity and nutrient concentrations were highest at upriver sites, but productivity was highest at the river mouth and within the river plume. Phytoplankton productivity peaked after rainfall events (>150 mg C m super(-3) h super(-1)), commensurate with a decrease in dissolved nitrogen concentrations. Productivity responses to increased nutrient concentrations and light availability were determined in laboratory incubations. During summer, productivities at the bay sites were stimulated by nitrogen (N) enrichment, while productivities at upriver sites were stimulated by phosphorus (P) addition. Light stimulation of productivities was more pronounced at upriver sites than bay sites. The relative magnitude of nutrient and light stimulation of productivities indicate a predominance of light limitation upriver, significant N limitation within the Logan River plume, and little effect of light, N, or P at sites beyond the Logan River plume. Productivity decreased with seasonal decreases in temperature. Lower water temperatures in winter probably helped determine maximum rates of phytoplankton productivity. The combination of light and N limitation of productivity during summer, and temperature limitation during winter, account for low areal productivities (<0.6 g C m super(-2) d super(-1)), compared with other rivers and estuaries worldwide.

Okland, K.A. (1973) phytoplankton and eutrophication in some lakes in Vestfold, South Norway. Blyttia, 31, 175-187.F (Freshwater)

Plankton samples from the Eikeren watercourse were collected in 1970 and 1972. In 1970, algal bloom of Microcystis aeruginosa occurred in Lake Hillestadvatn, and of Anabaena species in Lake Bergsvatn and in Vikeelva entering Bergsvatn. In 1972, a bloom of M. aeguginosa was observed on 1 June and 9 July in Hillestadvatn, and the same turbid greenish coloured water with floating aggregations of the same sp was also found in Bergsvatn on 29 June. The 4 lakes from which net plankton were collected in 1972 may be characterized as follows: Lake Sukkevatn (depth 7.6 meter) and Lake Grennesvatn (depth 4.4 meter) are moderate eutrophic lakes, the former being of a mixotrophic character owing to presence of fair amounts of humic matter in the water. Of the lakes investigated Hillestadvatn (depth 3 m) showed the greatest signs of eutrophication. This lake received sewage from surrounding rural communities, as well as drainage from cultivated fields. Bersgvatn is fairly deep ( similar to 16 m, but subject to an artificial lowering of water level of up to 5.5 meters), and rather eutrophic. It is suggested that the long and severe winter 1969-70 was of major importance for mobilizing nutrients from the sediments into the water masses of the stagnant lakes, thus being a contributing factor for the algal blooms, observed in 1970. Also, that year had a rather hot and sunny spring and early summer. Oxygen conditions in the winter following the first algal bloom were considered, and the possibility for future fish death (especially in Hillestadvatn) is mentioned. A process of rapid eutrophication is obviously present in this watercourse, local people telling that the water quality has been much changed in latter years. In Bergsvatn, for instance, algal bloom are said never to have been observed prior to 1970. Special economical interests are connected with these lakes as they all drain into the large, 154 meters deep Lake Eikeren. This olitrophic lake is considered a potential drinking water supply for large areas in South Norway.

Olding, D.D. (2000) Algal communities as a biological indicator of stormwater management pond performance and function. Water Qual Res J Can, 35, 489-503.F (Freshwater)
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management

An investigation into phytoplankton and periphyton algal communities of two recently constructed stormwater management ponds suggests that stormwater impacts on biological communities are reduced during passage through the ponds, providing a degree of protection for biological communities in their receiving waters. In both ponds, disturbance effects from the incoming stormwater on algal community richness and evenness appear to be greatest in the sediment forebay and are reduced in the main pond. However, the nature of the disturbance in the two systems can be seen to be fundamentally different from a biological perspective, with Rouge pond functioning primarily to reduce toxins harmful to algal communities, and Harding Pond acting to reduce nutrients. The taxonomic composition of the two sites provides an indication of the quality of the incoming stormwater. Rouge Pond, which contains many marine and brackish water species, receives stormwater runoff from a major highway, while Harding Pond, containing more nutrient rich species, receives stormwater primarily from residential properties. Despite the nutrient rich conditions present in both ponds, nuisance blue-green algae are conspicuously absent, and the ponds appear to have little potential for developing harmful algal blooms. The lack of blue-green algae can be linked to the hydraulic functioning of the ponds, suggesting that stormwater facilities may be engineered to inhibit undesirable algal communities.

Olding, D.D., Hellebust, J.A. & Douglas, S.V. (2000) Phytoplankton community composition in relation to water quality and water-body morphometry in urban lakes, reservoirs, and ponds. Can J Fish Aquat Sci; J Can Sci Halieut Aquat, 57, 2163-2174.F (Freshwater)
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Distinct differences in observed summer phytoplankton communities in relation to maximum depth suggest that constraints posed by water-body morphometry may modify the trophic control of phytoplankton-community composition and structure in urban water bodies. In deep urban sites, phytoplankton communities tended to be predictably related to trophic status, although exceptions existed, owing to factors such as human intervention, age of the water body, and flushing rates. In contrast, in shallow urban water bodies, trophic status was a poor predictor of phytoplankton communities. Across meso- to hyper-eutrophic conditions, shallow urban sites were rarely dominated by cyanobacteria and, when they were, the species composition differed from nutrient-rich deep urban sites. The key requirement for cyanobacterial dominance in shallow urban sites appears to be sufficiently long water residence times, viz., greater than 8-14 days. Further study should describe how the relationship between water body residence time and species generation time may limit the development of specific nuisance algal species, aiding in the management and rehabilitation of urban water bodies.

Olenina, I. (1998) Long-term changes in the Kursiu Marios Lagoon: Eutrophication and phytoplankton response. Ekologija; Ehkologiya; Ecology, 1, 56-65.F (Freshwater)
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The long-term changes in the Curonian Lagoon (Lithuania) phytoplankton in relation to eutrophication are discussed. A clear increase in the total phytoplankton abundance during the 16 years of the author's investigations (1984-1996) was observed. Also, the growth in the concentration of nitrates and phosphates was quite distinct. The obtained material was compared with the historical (Schmidt-Ries, 1940; Uselyte, 1959) phytoplankton data. This has shown that the seasonal succession pattern at the level of the main groups of phytoplankton, in principle, remains the same: as 40-60 years ago, the diatoms are dominant in spring and the blue-greens prevail in summer and autumn. However, quite distinct changes in the structure of phytoplankton community at the level of dominant species have been found. The role of 'eutrophic' diatoms Stephanodiscus hantzschii and Diatoma tenuis in spring phytoplankton had increased drastically; also S. hantzschii became one of the most important species in the autumn complexes, while in 1950s these two species were not even mentioned among the dominants. Also, in the summer phytoplankton a new species, the filamentous green alga Planktonema lauterbornii, has appeared among the dominants. Along with the shift in the dominants for the recent five decades, also an increase in the level of summer water blooms by more than one order of values caused by blue-green alga Aphanizomenon flos-aquae was noted.

Oliveira, R. (1985) Phytoplankton communities response to a mine effluent rich in copper. Hydrobiologia., 128, 61-59.F (Freshwater)
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The effects of a mine effluent containing high copper levels on the structure of the phytoplankton communities in a chain of low alkalinity and hardness oligotrophic reservoirs situated north of Portugal were studied monthly, during 1981-1982. In the reservoirs under mine influence, a shift in the dominant species have occurred. In contrast with the uncontaminated areas, more than 50% of the algal species developed lower populations. At the most polluted zone, phytoplankton density, biomass and species number were strongly reduced. The mine input stress on the algal communities was well assessed by species number and percentage similarity index.

Orellana Cepeda, E. & Morales Zambrano, L.A. (1994) Impact of eutrophication on marine phytoplankton. Ser. Cient. Univ. Auton. Baja Calif. Sur, 2, 17-34.M (Marine)
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The impact of eutrophication, both natural and anthropogenic, on the ecophysiological behaviour of marine phytoplankton was analyzed. Emphasis was made on the algal blooming events and on the factors that provoke these. Finally, a brief list of the microalgae species responsible for the dangerous red tides in the Mexican Pacific, is presented.

Oviatt, C., Lane, P., French, F., III & Donaghay, P. (1989) Phytoplankton species and abundance in response to eutrophication in coastal marine mesocosms. J. Plankton Res., 11, 1223-1244.M (Marine)
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In a mesocosm nutrient enrichment experiment the species (or categories) and abundances of diatoms, dinoflagellates, flagellates, monads and ciliates were identified and counted over a 16-month period. Diatoms and ciliates increased with increasing treatment while monads and flagellates, <10 mu m in size, did not. By contrast, in the field diatoms sometimes appeared to decrease while small phytoplankton <10 mu m appeared to increase under eutrophic conditions. In the experiment, in some instances, grazing controlled abundances to low levels in nutrient-enriched treatments. Self-shading by phytoplankton limited upper levels of abundance when nutrients were excessive. While nuisance species were occasionally present in various nutrient treatments, the intensity and frequency of their presence did not tend to increase with nutrient treatment. Generally species (or categories) did not appear to change with nutrient treatment.

Padisak, J. & Reynolds, C.S. (1998) Selection of phytoplankton associations in Lake Balaton, Hungary, in response to eutrophication and restoration measures, with special reference to the cyanoprokaryotes. Hydrobiologia, 384, 41-53.
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Restoration of shallow lakes degraded by eutrophication has often been protracted as a consequence of the accumulation and subsequent releases of phosphorus in their sediments (internal load). Balaton, the largest shallow lake in Central Europe, underwent rapid eutrophication during the 1960s-1970s, during which a west-east gradient of trophic state developed. Measures to reverse the eutrophication and to restore the lake to its historic quality were initiated in the mid-1980s. The external phosphorus load has been decreased considerably but the responses of the phytoplankton have been slight and sometimes counterintuitive. At the level of total biomass, the erstwhile distinctiveness of the down-lake trophic gradient has weakened. The eukaryotic plankton flora has altered little but floristic changes in the dominant cyanoprokaryota are consistent with environmental changes attributable to the eutrophication and subsequent restoration. The dominant species are shown to have been consistently related to variables including sediment-water interactions, physical disturbances and the specific biotic adaptations of the organisms but the phytoplankton development in given years and in given parts of the lake has fluctuated with the stochasticity of the weather. In some years, hypertrophic conditions have continued to develop, marked by the development of prolific cyanoprokaryote blooms; in other years, phytoplankton biomass scarcely exceeded a mesotrophic level, with a species composition resembling that which obtained prior to the recent eutrophication. The species associations represented are believed to be consistent with the responses of groups of species observed elsewhere, suggesting that the patterns of community assembly in the phytoplankton are potentially predictable.

Patrick, R. (1973) Use of algae, especially diatoms, in the assessment of water quality In Biological Methods for the Assessment of Water Quality A symposium presented at the Seventy fifth Annual Meeting of the American Society for Testing and Materials, pp. 76-95.M (Marine); B (Brackish); F (Freshwater)
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Two main systems of approach used to determine if algae can reliably indicate water quality are discussed in this paper. 1 approach is to observe and analyze natural communities. The effect of a pollutant can be estimated by shifts in species composition and structure of the community in this type of study. The 2nd approach studies a single or a few spp in cultures in the 1ab under known and carefully regulated conditions. These studies are valuable in determining the physiological and morphological changes in function rates and polymorphism due to conc of a given chemical or physical factor.

Persich, G.R., Odebrecht, C., Bergesch, M. & Abreu, P.C. (1996) Eutrophication and phytoplankton: comparison between two shallow embayments at the Patos Lagoon estuary. Atlantica, 18, 27-41.B (Brackish)
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Phytoplankton biomass and physico-chemical factors were analyzed weekly from August 1990 to April 1991 (n=74), in two shallow embayments (Saco da Mangueira and Saco do Arraial) at the Patos Lagoon estuary. The chlorophyll a concentration at Saco da Mangueira was higher (average 13.8 ug1 super(-1)) than that of Saco do Arraial (average 7,7 ug1 super(-1)). Eutrophic conditions were more frequent at Saco da Magueira, while oligotrophic ones occurred at Saco do Arraial. The higher phytoplankton biomass in Saco da Mangueira is related to large concentration of dissolved inorganic nutrients, and different N:P, Si:N and Si:P ratios.

Petrova, N.A. (1990) Successions of phytoplankton under man-induced eutrophication of large lakes. In Leningrad Ussr Nauka.F (Freshwater)
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The author's materials obtained during comprehensive studies of the Ladoga and Onega Lakes made by the AS USSR Lake Research Institute, and other literary sources were used to analyze the mechanism of variations in structural and functional characteristics of planktonic algae communities under man-induced eutrophication in large lakes of the temperate zone. (Lakes of several hundred km super(2) having the depth of over 25 m where the development of phytoplankton is restricted by phosphorus were referred to this category). The paper considers the effect of transformation of phytoplankton on limnic processes, especially on the regime of organic matter and on formation of hypolimnial oxygen deficiency in the lake.

Phillips, D.J.H. (1977) The use of biological indicator organisms to monitor trace metal pollution in marine and estuarine environments - a review.M (Marine); B (Brackish)
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The elucidation of the comparative pollution of aquatic areas by trace metals is theoretically possible by the analysis of water, sediments, or a member of the indigenous biota. The use of water analysis is expensive and laborious; multiple sampling must be undertaken to eliminate variations in metal concentration with time, season, freshwater run-off, currents, tides and other factors. The use of sediments is also subject to some error, according to local variations in sedimentation rates of particulate material and in the amounts of organic material present; in addition it gives little direct information on the amounts of metal entering the biomass of a given area. The use of biological indicator organisms to define areas of trace metal pollution appears most attractive, as these organisms not only concentrate metals from water, allowing inexpensive and relatively simple analysis, but they may also represent a moving time-averaged value for the relative biological availability of metals at each site studied. However, the use of indicator organisms introduces biological variables which are not present in physico-chemical studies of water or sediments. These variables merit consideration inasmuch as they may affect the results of indicator surveys for trace metals. In addition, different indicator organisms measure different portions of the total trace metal load on an ecosystem. The present state of knowledge on the use of indicator organisms to study trace metal pollution is reviewed, with particular reference to the use of macroalgae, bivalve molluscs and teleosts. It is suggested that the macroalgae and bivalve molluscs are the most efficient and reliable indicators developed to the present time. It is further suggested that the effects of sampling and environmental variables have been largely overlooked, and that futher study in the field and in the laboratory is necessary before the results of surveys using biological indicator organisms can be relied upon.

Pillsbury, R.W. & Kingston, J.C. (1990) The pH-independent effect of aluminum on cultures of phytoplankton from an acidic Wisconsin lake. Hydrobiologia, 194, 225-233.F (Freshwater)
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Negative correlations between aluminum and planktonic algal abundance have been reported in acidic lakes. Natural assemblages of phytoplankton from a low-pH, low-Al lake (Franklin Lake, WI) were grown in semi-continuous cultures consisting of four treatments at pH 5.7 with 0.0, 50, 100, and 200 mu g Al/L and one treatment at pH 4.7 with no Al added. Asterionella ralfsii var. americana (a common diatom plankter in acidic lakes) grew well at both pH 4.7 and 5.7 when no Al was added but declined in all other treatments and so may be useful as an indicator of acidic, low monomeric-Al conditions. Other common plankters that showed this pattern included: Arthrodesmus indentatus, Ar. octocornus, Ar. quiriferus, Staurastrum arachne var. curvatum, S. longipes var. contractum, and S. pentacerum. Common taxa showing no toxic effects of Al were Dinobryon bavaricum, Peridinium limbatum, Stenokalyx monilifera, Elaktothrix sp. and Oedogonium sp. We hypothesize that metal toxicity as a pulse at spring snowmelt could dramatically change algal succession in moderately acidic lakes. The experimental results agreed well with field observations. These types of experiments are useful for predicting the responses of natural phytoplankton communities to increases in Al concentration. (DBO)

Poehlmann, W., Kaul, U. & Kopf, W. (1989) Eutrophication of running waters. Part 1: Effect of temperature, phosphorus, silicate, carbon dioxide, ammonia, nitrate and complexing agents on the growth of phytoplankton (laboratory studies). Z. Wasser Abwasser Forsch. J. Water Wastewater Res., 22, 187-195.F (Freshwater)
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In more than 380 laboratory trials the growth of natural phytoplankton population was studied. The influence of water temperature and of nutrient consumption on dominating algal groups was determined. The alteration of the pH-value in the tests could be avoided by adding CO sub(2) - bubbles. The nutrient concentration of phosphorus, silicate, nitrate, ammonia and carbon dioxide have a considerable relationship to the growth rates of algae. An increased availability of essential nutrients by the complexing agents EDTA and NTA is able to stimulate the eutrophication considerably. The release of the incorporated nutrients by the algae takes place very slowly according to algal species.

Popp, J., Hoag, D. & Hyatt, D.E. (2001) Sustainability indices with multiple objectives. Ecological Indicators, 1, 37-47.
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One of the many debates about sustainability centers on how a natural resource stock (e.g. a forest) generates flows of desired human services (such as lumber and recreation). Should resources be sustained as they currently exist or should the services that they provide be sustained? This is a difficult question to address since there is very little quantitative information available. The purpose of this study was to address this question by using information from an empirical study that was able to look at sustainability when there is one output and extend that framework to a multiobjective setting. We then discuss the framework by using a multiobjective resource, the Neuse River in North Carolina. We identified several concepts from the single objective study, including that there are at least three important types of resource stocks, two types of goals, substitutes for natural resources, and a need to consider uncertainty and reversibility. An index of resource quality was used in a production model, which also allowed substitution of manufactured inputs to achieve the sustainability objective over long periods of time. The relationship between resource quality, manufactured inputs and output over time proved critical to meeting sustainability definitions and varied from one resource to another. When we expanded the framework, we found that constructing indices for one resource output might reveal that it is positively or negatively correlated to another output. For example, an index for drinking water might be made better through an indicator that is a positive, or negative, input into another index such as fishability. Sustainability should consider what is being sustained  i.e. stock, flow or something else, and be inclusive enough to account for multiple services, lest governments will under fund conservation (when services are positively correlated) or waste money by competing one objective against another (when they are negatively correlated)  addressing one objective through some policy requires more money in another government program to fix a problem that the first program caused. It should also be dynamic to allow for changes in relationships over time.

Prange, J.A. & Dennison, W.C. (2000) Physiological Responses of Five Seagrass Species to Trace Metals. Marine Pollution Bulletin [Mar Pollut Bull], 41, 327-336.
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Pacific Southwest (ISEW)

Trace metal run-off associated with urban and industrial development poses potential threats to seagrasses in adjacent coastal ecosystems. Seagrass from the largest urban (Moreton Bay) and industrial (Port Curtis) coastal regions in Queensland, Australia were assessed for metal concentrations of iron (Fe), aluminium (Al), zinc (Zn), chromium (Cr) and copper (Cu). Trace metal concentrations in seagrass (Zostera capricorni) leaf and root-rhizome tissue had the following overall trend: [Fe] > [Al] > [Zn] > [Cr] > [Cu]. Rainfall events and anthropogenic disturbances appeared to influence metal concentrations in seagrasses with the exception of Al, which does not appear to bioaccumulate. In laboratory experiments, five seagrass species (Halophila ovalis, H. spinulosa, Halodule uninervis, Z. capricorni, Cymodocea serrulata) were incubated with iron (1 mg Fe l super(-1)) and copper (1 mg Cu l super(-1)) and responses assessed by changes in PSII photochemical efficiency (Fv/Fm), free amino acid content and leaf/root-rhizome metal accumulation. Iron addition experiments only affected Halophila spp, while copper additions affected other seagrass species as well. Trace metal contamination of seagrasses could have ramifications for associated trophic assemblages through metal transfer and seagrass loss. The use of photosystem II photochemical efficiency as well as amino acid concentrations and composition proved to be useful sublethal indicators of trace metal toxicity in seagrasses.

Raschke, R.L. (1994) Phytoplankton bloom frequencies in a population of small southeastern impoundments. Lake Reservoir Manage., 8, 205-210.F (Freshwater)
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Phytoplankton biomass is a commonly used indicator of eutrophication because it measures values or human benefits of a lake (Carlson 1977, Reckhow and Chapra 1983, EPA 1988, EPA 1990). The biomass measurement most frequently used is corrected chlorophyll a (EPA 1988, EPA 1990). It has become a surrogate of its specificity and ease of analysis; therefore, chlorophyll a has become the eutrophication criterion of choice for a few USA states. Those states use the mean or instantaneous maximum concentrations to determine standards violations. Corrected chlorophyll a data were gathered for 17 small southeastern piedmont impoundments <648 ha (<1600 a) ranging in trophic state from mesotrophic to hypereutrophic. Working with the managerial concept that water-use impacts are more directly related to frequency of blooms than to mean seasonal values, regression equations were calculated to relate bloom frequency to seasonal mean chlorophyll a concentrations. The relationship between bloom frequency (chlorophyll a greater than or equal to 30 mu g/L) and mean chlorophyll a concentration in this study was very similar to that found for U.S. Army Corps of Engineers (COE) impoundments. Based on this bloom frequency analysis, literature values, and experience, a mean growing season limit of less than or equal to 15 mu g/L of chlorophyll a is recommended for small southeastern piedmont water supply impoundments. For other water uses, a mean growing season chlorophyll a concentration of <25 mu g/L is recommended to maintain a minimal aesthetic environment for viewing pleasure, safe swimming, and good fishing and boating.

Ravera, O. (2001) A comparison between diversity, similarity and biotic indices applied to the macroinvertebrate community of a small stream: the Ravella River (Como Province, Northern Italy). Aquatic Ecology [Aquat Ecol], 35, 97-107.F (Freshwater)
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This study aimed at comparing the results obtained by processing a series of data according to several diversity indices (Simpson, Berger-Parker, Margalef, Menhinick, McIntosh, Shannon) and one similarity index (Jaccard) with those obtained from two biotic indices (Trent River Biotic Index, Extended Biotic Index). In addition, Cody's index was adopted to measure the species turnover along the stream gradient. The source of the data was a study of the seasonal variations of macroinvertebrates from the Ravella stream (Como Province, Northern Italy). The conclusions are the following. There is clearly a certain connection between the organic debris in the habitat, the abundance of individuals and the decrease in the diversity value of the macroinvertebrate association. The species turnover along the stream gradient is rapid which is due, in addition to birth and death rates, to the fact that most of the insects emerge as terrestrial adults. The species abundance distribution is a very simple and powerful tool for describing and comparing the species diversity from different sampling stations. Any type of monitoring (e.g., biotic indices, diversity indices) is useful in comparing non-polluted and heavily polluted environments. Conversely, small differences between species associations are better highlighted if diversity indices with high discriminant ability (e.g., Simpson's index) or species abundance distribution are used rather than biotic indices.

Rawlinson, M.B. & Mills, D.K. (1998) Plankton are the key to climate change: New towed body system enhances 65-year dataset. International Ocean Systems Design [Int Ocean Syst Des], 2, 4-9.M (Marine)
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The Continuous Plankton Recorder (CPR) survey programme has provided a singular, 65-year data set identifying the distribution of plankton in European regional seas and the North Atlantic. Operating on an ocean basin scale for more than 60 years (Ref.1) it is a yardstick against which changes in the planktonic ecosystem can be assessed (Ref.2). As a sensitive indicator of marine environmental change, observations showing the evidence of a climate-induced response in surface marine plant communities have recently been published for the first time (Ref.3).

Reynolds, C.S., Reynolds, S.N., Munawar, I.F. & Munawar, M. (2000) The regulation of phytoplankton population dynamics in the world's largest lakes. Aquatic Ecosystem Health and Management [Aquat Ecosyst Health Manage], 3, 1-21.F (Freshwater)
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large lakes; Golden brown algae

The world's largest lakes, really inland seas, are characterised by long retention times, and are dominated by internal physical forcing, generally low nutrient loadings and predominantly internal recycling. Most are oligotrophic. Many are severely phosphorus deficient. Certainly few ever support large crops of phytoplankton. Horizontal heterogeneity sometimes permits enhanced production in shallow bays or behind thermal bars and occasional blooms develop under conditions of near-surface stratification. An assessment of published information on the composition and seasonality of phytoplankton in the open water habitats of these lakes confirms the oligotrophic nature of the world's great lakes. There is a predominance of diatoms at all latitudes; chrysophytes are seasonally prominent in some lakes at high latitude; other flagellates, including dinoflagellates, and species of cyanobacteria represent increasing proportions of the pelagic biomass towards the equator. There is an indication that species composition is influenced by underwater light availability and a positive correlation between Microcystis plankton and relatively higher concentrations of total phosphorus (TP > 30 mu g l super(-1)) is suggested. Picoplankton is apparently abundant during periods of relatively high isolation of the water column. Although the carrying capacity of the nutrients available is scarcely large, the production of biomass is strongly related to seasonal variability in the intensity and extent of water-column mixing and its relation to the periodicity and underwater penetration of photosynthetically active radiation. Attainment of nutrient-limited crops generally coincides with shallow mixing whereas deep circulation suppresses production. The differential effects of latitude, local climate and salinity upon this general deduction are also evaluated. The role of grazing, its contribution to nutrient recycling, and its contribution to sustaining pelagic food webs, is also considered. The paper makes some deductions about the threats placed on large-lake ecosystems by pollution, eutrophication and acidification and upon how their ecosystem health might be monitored and conserved in the future.

Rhee, G.Y. & Thompson, P.A. (1992) Sorption of hydrophobic organic contaminants and trace metals on phytoplankton and implications for toxicity assessment. J. Aquat. Ecosyst. Health., 1, 175-191.
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hydrophobic organic contaminants

The partitioning of trace metals and hydrophobic organic contaminants to phytoplankton determines their toxicity as well as their fate and transport in aquatic ecosystems. Accurate impact assessments, therefore, depend on a good understanding of the factors regulating the sorption of these compounds to biotic particles. The uptake of inorganic and hydrophobic organic pollutants and their bioaccumulation are influenced in a complex manner by duration of exposure and cell density, by environmental factors such as pH, the concentration of cations and of dissolved and colloidal organic matter, as well as by phytoplankton physiological condition. High concentrations of H super(+), Ca super(2+), and Mg super(2+) ions will reduce trace metal sorption by directly competing for uptake sites on the cell's surface, whereas the presence of dissolved organic carbon such as natural and synthetic chelators and phytoplankton exudates will reduce the bioavailability of both trace metals and hydrophobic organic contaminants. Thus, the impact of toxic contaminants on phytoplankton may be determined as much by the factors influencing uptake and partitioning as by the potency of the toxicants and interspecies differences in sensitivity. Recommendations for improving toxicity assessments are presented.

Riegman, R. (1995) Nutrient-related selection mechanisms in marine phytoplankton communities and the impact of eutrophication on the planktonic food web In Iawq Sil Conference on Selection Mechanisms Controlling Biomass Distribution, Held in Noordwijkerhout, the Netherlands, 11 15 December 1994. (Mur, L.R., et al. eds.), pp. 63-75.M (Marine)
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A general increase in nutrient discharges during the last few decades has caused various changes in the algal community structure along the European continental coast. Coincidentally and maybe consequently, the foodweb structure and functioning has altered in local areas causing various phenomena like oxygen depletion, mortality of groups of organisms, foam on beaches, and an increase in the productivity of benthic communities and some commercial fish species. The observed increases in algal biomass and shifts in species composition are discussed in relation to the involved key mechanisms: resource competition and selective grazing. Along the Dutch coastal zone of the North Sea eutrophication has caused a doubling of the yearly averaged algal biomass during the past three decades. The sudden appearance of Phaeocystis summer blooms coincided with a shift from P-limitation towards N-limitation in the Dutch coastal area due to a stronger increase in P-discharge relative to the increase in N-discharge. Competition experiments in continuous cultures showed Phaeocystis to become dominant under N-limitation. Additionally, the large Phaeocystis colonies, which can reach a diameter up to one centimetre, escape from microzooplankton grazing. A computer model is presented which demonstrates a shift from bottom-up towards top-down control if the pelagic environment becomes eutrophicated.

Rodrigues, A.M.F., Santos, M.C.R., Santana, F.J.P. & Sobral, P. (1995) Phytoplankton and eutrophication of Furnas Lake (S. Miguel Islands, Azores).F (Freshwater)
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Furnas lake is a shallow water body of volcanic origin situated in S. Miguel Island, Azores. Qualitative and quantitative study of phytoplankton communities was made from September 1988 to July 1989, in order to determine its trophic state. Cyanobacteria were the main organisms presented, specially in Summer and Autumn, and are responsible of the water quality degradation in Furnas lake. By the end of the last century, the registered water quality of this lake was very good, as shown by Barrois, who referred to the presence of Dinobryon sertularia, an indicator species of oligotrophic waters. Its disappearance will be connected with the increasing supply of nutrients (specially nitrogen and phosphorus compounds) in this century, that will be related to the cattle breeding development in S. Miguel island, which began in the early part of this century. The utilization of permanent grazing ground zones for the bovine cattle in fields which belong to the drainage basins in Furnas lake, has contributed to an increasing eutrophication, as can be seen by high values of phytoplankton enumeration, biomass and chlorophyll a (annual averages of 7 991 500 cells.l super(-1), 18.165 mg.l super(-1) and 37.47 mu g.l super(-1), respectively). The values of trophic state index also indicate eutrophic conditions. The cyanobacteria dominated most of the year and Aphanizomenon flos-aquae blooms occurred in July and November. This species, as well as other species of cyanobacteria, in special conditions, could produce toxic substances. These toxins, when present in great amounts, could provoke serious problems, not only to fish but also to other animals, including man if the water is used for human consumption.

Rosen, G. (1981) Phytoplankton indicators and their relations to certain chemical and physical factors. Limnologica., 13, 263-290.F (Freshwater)
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In Sweden an extensive lake survey was carried out in Augut 1972. A total number of 1250 lakes were examined and samples were taken for chemical and physical analysis as well as phytoplankton. The latter samples (300 ml) have been examined quantitatively and qualitatively and the resulting data have been computerized. Important parameters for identification of indicator species were pH, transparency, colour, conductivity, alkalinity, total nitrogen and total phosphorus. The relations of these parameters to frequent and certain uncommon but good indicator species is demonstrated in distribution functions for each species.

Rosser, S.M.J.H. & Thompson, P.A. (2001) Phytoplankton of the Swan-Canning Estuary: a comparison of nitrogen uptake by different bloom assemblages. Hydrological Processes [Hydrol Process], 15, 2579-2594.B (Brackish)
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Indian Ocean (ISW)

Spring chlorophyte-, summer dinophyte- and autumn cryptophyte-dominated phytoplankton blooms occurring in the upper reaches of the Swan-Canning Estuary have been studied to compare species composition and diurnal distribution and to determine preferential uptake rates for different nitrogen sources. Species distribution patterns over diurnal cycles showed dinophyte and cryptophyte species exhibiting diurnal vertical migration patterns which changed over a three-week bloom period. The dinophyte and cryptophyte behaviour appeared to be related to measured changes in ambient nitrogen profiles over the course of the bloom. Chlorophyte species were not shown to be strongly migratory over diurnal periods. Absolute uptake rates ( rho , approximating P sub(max)) for nitrogen, in the form of super(15)NO super(-) sub(3), super(15)NH super(+) sub(4) or super(15)N-urea, were compared between seasonal bloom assemblages and ranged between 0.02 and 12 mu g N l super(-1) h super(-1) (NO sub(3) 0.02-7; NH sub(4) 0.4-9; urea 0.1-12 mu g N l super(-1) h super(-1)). Specific uptake rates ( upsilon ) ranged between 2 and 1770 ng N mu g Chla super(-1) h super(-1) (NO sub(3) 2-290; NH sub(4) 19-1770; urea 6-1730 ng N mu g Chla super(-1) h super(-1)). Relative preference indices (RPI) for NO sub(3) (new N) vs. NH sub(4) (recycled N) were calculated to determine whether allochthonous or autochthonous nitrogen sources were implicated in supporting these blooms. Results indicated no physiological preference at any depth for NO sub(3) or NH sub(4) during spring and autumn, and for summer surface assemblages. There was a strong preference for NH sub(4) (RPI similar to 0.95) at mid and bottom depths during summer. Ambient NH sub(4) uptake rates were compared with changes in ambient NH sub(4) profiles to determine the importance of measuring fluxes against absolute parameter measurements in understanding the nitrogen dynamics supporting phytoplankton growth. From flux measurements it was found that apparent reappearance rates for NH sub(4) ranging between 1% and 1030% of absolute uptake rates occurred during summer, with decreases equivalent to 100% of ambient uptake rate occurring at depth at night. Nutrient profiling alone, in the absence of knowledge of nutrient fluxes, was insufficient in assessing possible nutrient control over phytoplankton growth and biomass maintenance. Within this system there is the potential for phytoplankton growth and bloom maintenance to occur supported solely by recycling of NH sub(4).

Sanders, J.G. (1985) Arsenic geochemistry in Chesapeake Bay: Dependence upon anthropogenic inputs and phytoplankton species composition. Mar. Chem., 17, 329-340.M (Marine)
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Arsenic is not conservative in Chesapeake Bay. Inputs of man-derived arsenic, of the order of 100 kg d super(-1), cause substantial positive deviation from theoretical dilution. The chemical form on the arsenic varies both seasonally and along the axis of the Bay. During winter, arsenic is present only as arsenate. During summer, substantial quantities of reduced and methylated forms are present in different areas, indicative of separate formation processes. Arsenite, present in low-salinity regions, may have been formed by chemical reduction in anoxic, subsurface waters and then mixed into the surface layer. Methylated arsenicals correlate highly with algal standing stocks. One particular form, methylarsonate, is highly correlated with the dominant algal genus, Chroomonas . As both arsenic reactivity and toxicity are altered by transformation of chemical form, the observed variations in arsenic speciation have considerable geochemical and ecological significance.

Sanders, J.G. & Cibik, S.J. (1988) Response of Chesapeake Bay phytoplankton communities to low levels of toxic substances. Mar. Pollut. Bull., 19, 439-444.M (Marine); B (Brackish); F (Freshwater)
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Chronic inputs of contaminants may cause changes to the structure of natural communities, potentially altering trophic relationships. Continuous inputs of low concentrations of both arsenic and silver led to large changes in species composition and species succession in natural phytoplankton communities from the Chesapeake Bay. Both contaminants led to loss of sensitive, dominant algal species and replacement by species more resistant. Arsenic caused declines in large centric diatoms and replacement by a smaller diatom and small flagellates. Silver caused the disappearance of a colonial cyanophyte and increased dominance by a chain-forming centric diatom. Arsenic led to reductions in overall cell size and a community that was of lesser value to higher trophic levels while silver inputs resulted in a community that, if anything, was "better" than the original. Chronic exposure to low-level contaminants can have a profound effect to the phytoplankton community, with resultant alterations affecting the survival of higher trophic levels.

Sanders, J.G. & Vermersch, P.S. (1982) Response of marine phytoplankton to low levels of arsenate. J. Plankton Res., 4, 881-894.M (Marine)
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Phytoplankton species vary widely in their degree of inhibition to low levels of dissolved arsenate (1-10 x ambient). Similarly, natural phytoplankton assemblages cultivated outdoors under ambient temperature and nutrient conditions indicate that the observed variance in sensitivity is sufficient to cause a marked change in species composition and succession in dosed assemblages relative to controls, again at very low levels of arsenate. The changes in species that occurred, however, were not always similar to the response predicted from single-species cultures.

Sanders, R., Jickells, T. & Mills, D. (2001) Nutrients and chlorophyll at two sites in the Thames plume and southern North Sea. Journal of Sea Research [J Sea Res], 46, 13-28.M (Marine)
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Seasonal cycles; Diatoms

Atlantic Northeast (ANE)

The Thames plume is a moderately turbid (suspended load up to 80 mg dm super(-3)), high nutrient (summer NO super(-) sub(3) concentrations >10 mu M, summer PO super(3) sub(4) super(-) concentrations >2.5 mu M) and well-mixed aquatic ecosystem which connects the Thames Estuary to the southern North Sea. Six cruises were undertaken to investigate the response of an inshore site in this system to these high nutrient levels via a comparison with a site in the seasonally nutrient-depleted southern North Sea. The seasonal cycle of chlorophyll concentrations in both environments was similar, consisting of higher chlorophyll a levels in spring than in summer. A spring bloom of diatoms occurs in both environments; in the plume it is succeeded by low chlorophyll levels and a diatom-dominated community at low silicate levels and at the offshore site by a non-siliceous community at similar silicate levels. The low summer chlorophyll levels and diatom dominance, which occur at the inshore site despite an abundance of nitrate and phosphate may be due to a simultaneous inhibition of non-siliceous growth and silicate limitation of diatom growth. We hypothesise that this is caused by the high turbidity at the inshore site reducing water column light levels such that they become adequate for diatom growth but inadequate for non-siliceous growth; however, we have inadequate data to confirm this suggestion. The benthic silicate flux cannot support the inferred diatom silicate requirement at the inshore site suggesting that silicate mineralisation in the water column may occur and control diatom growth. Nutrient/salinity plots suggest that the net effect of this complex biogeochemistry is a semi-conservative transport of NO super(-) sub(3) and PO super(3) sub(4) super(-) through the plume to the offshore region.

Sasaki, K., Matukawa, Y. & Suzuki, T. (1988) Analysis of mechanism of eutrophication, circulation of nutrients and dynamics of phytoplankton by a box model In STUDIES ON FISHERIES OCEANOGRAPHY. PROCEEDINGS OF THE 25th ANNIVERSARY SYMPOSIUM ' FISHERIES AND FISHERIES OCEANOGRAPHY IN THE COMING CENTURY' HELD IN TOKYO, NOVEMBER 10 13, 1986., pp. 238-252.M (Marine)
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In order to investigate the mechanism of eutrophication (occurrence of red tide, formation of oxygen-deficient water) in Atsumi Bay, the distributions of salinity, dissolved oxygen, nutrients, phytoplankton and zooplankton were observed. Supplies of fresh water and nutrients were estimated and balances of salt, dissolved oxygen, nutrients and phytoplankton were examined using a modified box model.

Schiewer, U., Boerner, R., Wasmund, N. & Kiel Univ. . Inst. fuer, M. (1988) Deterministic and stochastic influence of nutrients on phytoplankton function and structure in coastal waters In The Baltic Sea Environment. History Eutrophication Recruitment Ecotoxicology. (Theede, H. & Schramm, W. eds.), pp. 173-183.M (Marine); B (Brackish)
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Knowledge of how phytoplankton responds to nutrient inputs is essential for water management and for minimizing eutrophication. Only processes that are deterministic, i.e. that can respond as algorithms, are controllable. The study area is the chain of inshore water (so called Bodden) south of the Darss-Zingst peninsula-shallow eutrophic waters of estuarine character in the Southern Baltic. Results show that the scale of phytoplankton reactions and the species involved are stochastic in character and are governed by stochastic interactions between meteorological events and water exchange processes in the chain of Bo don; all processes affecting phytoplankton growth are deterministic in character, conforming to simple batch theories: simultaneous addition of nitrogen and phosphorus favours green algae, and in exceptional cases one algal species became dominant; nutrient loadings do not affect the time of transition to the mid-summer phytoplankton population, the most important regulating factor obviously being temperature.

Schiller, A., C. T. Hunsaker, M. A. Kane, A. K. Wolfe, V. H. Dale, G. W. Suter, C. S. Russell, & G. Pion, M.H.J., and V. C. Konar. (2001) Communicating Ecological Indicators to Decision Makers and the Public. Conservation Ecology, 5(1).

common language, communication, decision making, ecological indicators, ecological monitoring, environmental assessments, environmental values, public input.

Ecological assessments and monitoring programs often rely on indicators to evaluate environmental conditions. Such indicators are frequently developed by scientists, expressed in technical language, and target aspects of the environment that scientists consider useful. Yet setting environmental policy priorities and making environmental decisions requires both effective communication of environmental information to decision makers and consideration of what members of the public value about ecosystems. However, the complexity of ecological issues, and the ways in which they are often communicated, make it difficult for these parties to fully engage such a dialogue. This paper describes our efforts to develop a process for translating the indicators of regional ecological condition used by the U.S. Environmental Protection Agency into common language for communication with public and decision-making audiences. A series of small-group sessions revealed that people did not want to know what these indicators measured, or how measurements were performed. Rather, respondents wanted to know what such measurements can tell them about environmental conditions. Most positively received were descriptions of the kinds of information that various combinations of indicators provide about broad ecological conditions. Descriptions that respondents found most appealing contained general reference to both the set of indicators from which the information was drawn and aspects of the environment valued by society to which the information could be applied. These findings can assist with future efforts to communicate scientific information to nontechnical audiences, and to represent societal values in ecological programs by improving scientist-public communication.

Schlüter, L., Mohlenberg, F., Havskum, H. & Larsen, S. (2000) The use of phytoplankton pigments for identifying and quantifying phytoplankton groups in coastal areas : testing the influence of light and nutrients on pigment/chlorophyll-a ratios. Marine Ecology Progress Series [Mar Ecol Prog Ser], 192, 49-63.

The influences of light and nutrients on ratios of pigments/chlorophyll a (chlo a) were investigated for several species of different phytoplankton groups from estuaries and coastal areas for the purpose of calculating the biomass of individual phytoplankton groups as chl a based on pigment/chl a ratios. Pigment ratios were constructed for varying light intensities and qualities and for nutrient-starved algae cultured in the laboratory. The pigments ratios were tested on 4 data sets obtained in estuaries and coastal areas using the CHEMTAX program, for calculating phytoplankton group abundance as chl a...

Schulz, S., Kaiser, W. & Breuel, G. (1992) A comparison of biological data from 1976-1990 and 1991 - the influence of a warm winter. ICES, Biological Oceanography Committee, Committee Meeting, 1-5.Achnanthes taeniata is cold-stenotherm (p.4)

Sei, S., Rossetti, G., Villa, F. & Ferrari, I. (1996) Zooplankton variability related to environmental changes in a eutrophic coastal lagoon in the Po Delta In Coastal Lagoon Eutrophication and Anaerobic Processes Clean: Nitrogen and Sulfur Cycles and Population Dynamics in Coastal Lagoons. (Caumette, P., et al. eds.), pp. 45-55.Reprinted from Hydrobiologia, vol. 329 1996.;
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Zooplankton variability in a lagoon of the Po Delta, the Sacca di Goro, was studied in relation to changes in its hydrodynamic and hydrological features. From 1987 to 1992 the lagoon was affected each summer by severe anoxia due to the decomposition of dense and widespread beds of Ulva rigida. In August 1992 a canal was opened through the sand bank closing off the lagoon from the sea in order to improve the water circulation. This hydraulic intervention led to significant environmental changes in the lagoon: during the two subsequent years the summer dystrophic crises were brief and less severe, due to a sharp decrease in the Ulva cover. At the same time a clear increase in phytoplankton biomass values was observed. Following the opening of the channel, the most remarkable change in zooplankton was a significant density increase of calanoids, particularly of Acartia tonsa.

Sharples, E.J. (1972) The use of phytoplankton for indication of the effect of waste disposal on water quality in Liverpool Bay In Liverpool UK.M (Marine)

Sewage ; Pollution effects; Marine pollution; Phytoplankton ; Indicator species; Horizontal distribution; Seasonal variations; Toxicity ; Inhibitors ; Phaeocystis pouchetii; Skeletonema costatum; ANE, Irish Sea

Atlantic Northeast (ANE)

A general survey of the phytoplankton in the Eastern Irish Sea was carried out, involving field surveys to find the horizontal distribution and seasonal behaviour of phytoplankton in the surface waters and lab tests to determine the growth potentials of the phytoplankton. Toxicity tests were also carried out, for the sludge itself and for its main components, copper, zinc and anionic detergent, using Phaeocystis pouchetti and Skeletonema costatum as indicator organisms. These showed the dilution required to remove the toxic effect was of the order 10 Super(4) -10 Super(5). Both Cu and anionic detergent in the sludge required dilution of the same order, so either may be responsible for the toxic effect of the sludge. An investigation into the time taken for a sludge load, after dumping at sea, to reach a concn, non-inhibiting to S. costatum growth showed that this time could be as short as 2h, under rough sea conditions.

Shehata, F.H.A. & Whitton, B.A. (1981) Field and laboratory studies on blue-green algae from aquatic sites with high levels of zinc In Congress in Japan 1980. Proceedings. (Sladecek, V. ed.), pp. 1466-1471.F (Freshwater)
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Blue-green algae are often frequent in waters with very high levels of zinc, and laboratory assays have shown that these are much more resistant to zinc than most isolates from sites lacking zinc enrichment. One isolate of Calothrix (C. parietina ) did, however, show considerable zinc resistance, even though the level of zinc is low in the stream from which it was taken. Of the 20+ forms listed from field sites with more than 10 mg 1 super(-1) filtrable Zn, most are very narrow forms of Oscillatoriaceae. Healthy materials of Calothrix have been taken from field sites with about 9 mg 1 super(-1) Zn and one isolate of Calothrix (D184) can grow in the laboratory at well above this level. Four strains of Anabaena and Calothrix were shown to be more sensitive to zinc when grown in the absence of combined nitrogen than in its presence.

Smayda, T.J. (1997) What is a bloom? A commentary. Limnol. Oceanogr., 42, 1132-1136.M (Marine)
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There are at least eight different modes and mechanisms by which harmful phytoplankton species can cause mortality, physiological impairment, or other negative in situ effects. Their distinction from nonharmful phytoplankton taxa is clearly warranted. Increasing use of bloom descriptors such as "exceptional," "unusual," "nuisance," and subjective reference to specific occurrences as blooms reveal widespread confusion concerning: what is a bloom?, how is it to be defined?, what is harmful?, and what distinguishes a harmful bloom from other blooms? Such efforts have been influenced by comparison with perceived spring diatom bloom characteristics. Examples, selected from among harmful bloom events, are presented to support the view that the classical focus on the spring diatom bloom has significant conceptual and operational biases as to what constitutes a bloom. This and the inexact criteria used to define a bloom compromise research on both harmful algal blooms and phytoplankton blooms in general. The subjective, differing, and arbitrary criteria used to define blooms and their presumed ecological consequences need to be replaced by a quantitatively based, ecological classification of the various types of phytoplankton blooms. The issue of what constitutes a bloom is more than simply a biomass issue.

Socal, G., Bianchi, F. & Alberighi, L. (1999) Effects of thermal pollution and nutrient discharges on a spring phytoplankton bloom in the industrial area of the Lagoon of Venice. Vie Milieu, 49, 19-31.M (Marine)
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In order to follow a spring phytoplankton bloom in an area affected by cooling waters discharged from a thermoelectric power plant as well as by high dissolved nutrient concentrations, hydrochemistry and phytoplankton time trends were studied in the industrial area of the Venice lagoon. Samples were collected weekly from the beginning of the bloom until it ended, from February to May 1986, in 10 stations. The centric diatom Skeletonema costatum (Grev.) Cl. (abundances up to 6 x 10 super(7) cells dm super(-3)) was responsible for the bloom; afterwards, the community was mainly represented by phytofiagellates and pennate diatoms. At the end of May, slow growth of various taxa was recorded in the area. Statistical analyses were performed to highlight thermal and chemical effects : results showed that modifications in phytoplankton abundances due to thermal perturbation were only transient. Permanent effects on species composition were not observed, probably because of the strong hydrodynamics of the Malamocco-Marghera channel. The data also showed that thermal pollution was partly masked by pollutant inputs from industrial plant in the study area.

Soika, A.G. & Perin, G. (1974) The pollution of the Venice Lagoon: study of the chemical modifications and bottom population of the lagoon sediments in the last twenty years. Boll Mus Civ Stor Nat Ven, 26, 25-68.B (Brackish)
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Research concerning the organic pollution of the sediments in the Lagoon of Venice, with reference to bottom fauna (endofauna, infauna) and chemical composition in 2 different periods (1948-1968) and for 150 sampling stations, are reported. A remarkable and gradual impoverishment of fauna has been noted. On the other hand, a remarkable increase has been recorded regarding the salt water spp, due to the increased introduction of fresh water into the lagoon because of industrial and municipal wastes. This eutrophication which appears evident for phytoplankton and macroalgae (Ulna etc.) is reducing the levels of O Sub(2) in the lagoon. It is apparent that the fresh water population is now changing to a sea water one, because of the new Canal of Malamocco (the so called Oil Canal) connecting the Adriatic Sea with Central Lagoon. From the chemical data, it is apparent that the organic pollution of the sediments is increasing by yr. This can be explained by big industrial growth in the neighborhood of Venice (Mestre-Marghera) during the last 20 yrs and the discharge of waste and sewage from the country. Another fact is the use of synthetic detergents with phosphate compds used by builders. Concerning the parameters, N, S, P and organic C research shows a badly polluted lagoon. Organic C was found in the 1968 samples, in the range of 4.07-13.74%. Total N in the range of 1.06-5.88 mg/g; organic N in the range of 0.55-3.18 mg/g; inorganic N between 0.20 and 4.19 mg /g; total P was found in amounts not more than 0.5 mg/g (all values on dry sediment). Organic Sediment Index (OSI), calculated following Ballinger and McKee, is reported in all the sections but one in the range of 0.53-4.13 OSI units. These results, compared with the analytical data of the 1948 samples, points to an increase in pollution since that time. In fact the 1968 N levels are 3 times the 1948 levels; P levels > 10 times; S levels, in a particular part of the lagoon, are > 30 times. In spite of this great increase from 1948 to 1968, the phosphate conc is not very high, but, owing to periodical discharges of wastes, it can reach abruptly very high values. This provides a good explanation of the periodical algal bloom, noted many times in the lagoon, because this high P-conc can reach the critical P/N ratio and result in eutrophication. Apart from the P-cone other parameters are very high, indicating an evident organic pollution in the entire Lagoon of Venice.

Solidoro, C., Dejak, C., Franco, D., Pastres, R. & Pecenik, G. (1995) A model for macroalgae and phytoplankton growth in the Venice Lagoon In Water Modelling. (Post, D. & Beer, T. eds.), pp. 619-626.M (Marine)
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The definition and a first parameterization of a dynamic model of macroalgal growth is described, aimed at including this species and related physicochemical variables in a more comprehensive 3-D eutrophication-diffusion, water-quality model of the Venice lagoon. Relevant physicochemical factors affecting macroalgal and phytoplankton competition and succession have been analyzed as a function of physiological and trophic conditions. Results of simulations show that while phytoplankton response to growth factors is more intense and of shorter duration, internal nutrient storage in macroalgae stabilizes the growth process and makes macroalgal communities relatively more independent of variations of chemical and external forcing functions. The model provides results which appear to be qualitatively and quantitatively consistent with available functional in situ measurements.

Sommer, U. & International Counc. for the Exploration of the Sea, C. (1995) Eutrophication related changes in phytoplankton species composition: Is there a role of nutrient competition? In Copenhagen Denmark.M (Marine)

Eutrophication ; Pseudonitzchia pungens; Stephanopyxis palmeriana; Lauderia annulata; Neostreptotheca subindica; Asterionella glacialis; Nitzschia closteroides; Chaetoceros sociale; ANE, Baltic Sea; ANE, North Sea

Atlantic Northeast (ANE)

Eutrophication of coastal waters does not only lead to an increase of phytoplankton blooms but also to changes in species composition. A partial replacement of diatoms by non-siliceous algae has been related to decreased Si:N or Si:P ratios because of increased N-and P-loadings in culturally eutrophicated regional seas. This explanation seems consistent with the resource ratio hypothesis derived from Tilman's competition theory. Extendend experimental evidence with freshwater, and more recently, with marine phytoplankton support this hypothesis. In steady-state competition experiments, diatoms become dominant at high Si:N ratios while flagellates dominate at low ones. There is a strong species-dependence of the Si:N ratio where the transition from diatom to flagellate dominance takes place: In experiments with the diatom species Pseudonitzschia pungens, Stephanopyxis palmeriana, Lauderia annulata, Neostreptotheca subindica Si:N ratios of 25:1 or more were required to obtain a dominance by diatoms. With Asterionella glacialis, Nitzschia closteriodes, and Chaetoceros sociale Si:N ratios of 1:1 were sufficient for a complete dominance by diatoms. The latter value is more in accordance with the Si:N-shift recorded during the eutrophication process in situ. Light intensity and daylength had no impact at the outcome of competition experiments at the level of functional groups (diatoms vs. flagellates), but they were important in selecting species. The nitrogen source (nitrate vs. ammonium) had no impact on the outcome of competition experiments.

Sorokin, Y.I., Sorokin, P.Y., Giovanardi, O. & Venezia, L.D. (1996) Study of the ecosystem of the lagoon of Venice, with emphasis on anthropogenic impact. Mar. Ecol. Prog. Ser., 141, 247-261.M (Marine)
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The parameters of the structure and functioning of the ecosystem in the lagoon of Venice (Italy) were estimated in September-October 1993 at 36 stations. Phytoplankton was dominated by its nano- and pico-fractions, which comprised 60 to 99% of the total phytoplankton biomass. Phytoplankton wet biomass varied between 100 and 600 mg/m super(3) its primary production between 30 and 90 mg C /m super(2)/d. The numerical abundance of bacterioplankton (3 to 6 x 10 super(6) cells/ml) and its wet biomass (0.3 to 1 g/m super(3)) was 2 to 3 times greater than in adjacent waters of the Adriatic. Bacterial production was 20 to 40 mg C/m super(3)/d. Microzooplankton was dominated by ciliates with biomasses of 30 to 700 mg/m super(3), while the density of rotifers and nauplii was low. The composition of mesozooplankton resembled that of the Adriatic complex only near the port entrances connecting the lagoon to the sea, while in polluted areas it was drastically depleted. Its average wet biomass was 80 to 300 mg/m super(3), attaining 700 to 1100 mg/m super(3) near the port entrances. The total plankton biomass was 0.8 to 2 g/m super(3), and was dominated by microplankton. The stock of labile organic matter in the lagoon was 2 to 3 times greater than in the waters of the adjacent Adriatic, with a turnover time which varied between 10 and 20 d. The stock of labile sulfides in the upper layer of the bottom sediments in the central basin of the lagoon was 1.5 to 2 g S/dm super(3) of wet silt. Data were generalized using the approach of energy balances and energy flows. The latter were used to evaluate the present state of the ecosystem of the lagoon of Venice, its changes due to anthropogenic impact, and its capability for self-purification.

Spodniewska, I. (1979) Phytoplankton as the indicator of lake eutrophication. 2. Summer situation in 25 Masurian lakes in 1976.F (Freshwater)

eutrophication ; indicator species; phytoplankton ; Algae ; Poland, Masuria; indicator organisms; Poland ; lakes ; eutrophic environments; freshwater environments

The differentiation of total phytoplankton biomass within the range 0.7-36.7 mg/l is shown. In 10 out of 16 eutrophic lakes examined the biomass was high (over 8 mg/l) and in 2 lakes - very high (over 30 mg/l). In eutrophic lakes with high phytoplankton biomass the blue-green algae dominated (even up to 80% of total phytoplankton biomass) or dinoflagellates (attaining up to 60% of total biomass) and exceptionally the nannoplanktonic forms. In lakes of a small phytoplankton biomass the share of nannoplanktonic forms in biomass was greater. Relations between the phytoplankton biomass and chosen environmental factors are analysed.

Stachura-Suchoples, K. (2001) Bioindicative values of dominant diatom species from the Gulf of Gdansk, southern Baltic Sea, Poland. In Lange-Bertalot-Festschrift. Studies on diatoms. (Jahn, R., et al. eds.), pp. 477-490. A.R.G. Gartner Verlag KG, Ruggell.
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Ston, J. & Kosakowska, A. (2000) Qualitative and quantitative analysis of baltic phytoplanton pigments. Oceanologia, 42, 449-471.
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Suter, G.W. (2002) Applicability of indicator monitoring to ecological risk assessment. Ecological Indicators,, 1, 101-112.
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Although ecological risk assessment (ERA) and environmental monitoring would seem to be potentially complimentary activities, they have been disjunct in practice. This is because of differences in goals and products. Environmental monitoring determines status and trends in indicators to determine whether the environment is improving. ERA estimates effects of stressors on endpoint attributes to support decision making. Indicators are, by definition, indicative of some unmeasured condition. Assessment endpoints are valued properties of the environment that are susceptible to stressors of concern. Indicators are justified by the logic of the monitoring program, which may be self-referential. Assessment endpoints are justified by their potential susceptibility and by environmental policies and public values. Indicators are often expressed in terms of indices or scores that obscure the actual condition of the environment. Because assessment endpoints must be clear to decision makers and the public, they require real units of actual environmental properties. Monitoring programs are peripherally concerned about causal relationships, while risk assessment is devoted to elucidating causal relationships. As a result, risk assessments may use the results of monitoring studies, but only after disaggregating the indicators to their components and choosing those that are appropriate. Monitoring programs could be more useful if they used a risk-based approach to address important problems rather than simply tracking indicators.

Tett, P., Kennaway, G.M., Boon, D., Mills, D.K., O' Connor, G.T., Walne, A.W. & Wilton, R. (2001) Optical monitoring of phytoplankton blooms in Loch Striven, a eutrophic fjord. International Journal of Remote Sensing [Int J Remote Sens], 22, 339-358.M (Marine)

Algal blooms; Phytoplankton ; Downwelling ; Photosynthetic pigments; Environmental monitoring; Coastal waters; ANE, British Isles, Scotland, Striven Loch; Atlantic Northeast (ANE)

During May 1991, a mooring equipped with a blue-green colour sensor and two fluorometers was deployed in Loch Striven, Scotland. The colour sensor recorded the ratio of downwelling irradiances at 440 and 524 nm, which is strongly influenced by phytoplankton abundance. The fluorometers recorded the red fluorescent response of phytoplankton pigments to a blue flash. Profiles of water properties were made almost daily near the mooring, in order to assess the reliability of automatic bio-optical measurements of phytoplankton abundance. Each type of instrument had limitations, but all were able to estimate chlorophyll concentration with a precision of 10-14% over the observed ranges of 1 to 21 or 33 mg m super(-3), giving an r super(2) (between the bio-optical signal and extracted chlorophyll) of about 0.8. There were large day-to-day, and, sometimes, hour-to-hour changes in amount of phytoplankton. These were largely the result of (non-tidal) water movements: biological changes were slow. Implications for the monitoring of phytoplankton blooms in coastal waters are discussed.

Thompson, G.B. & Ho, J. (1981) Some Effects of Sewage Discharge Upon Phytoplankton in Hong Kong. Mar. Pollut. Bull., 12, 168-173.M (Marine); B (Brackish)
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The coastal waters of Hong Kong constitute a transition from estuarine conditions in the west to more oceanic conditions in the east, with a major discharge of untreated sewage located at the mid-point. Chlorophyll a was determined and net phytoplankton was sampled at 45 stations throughout this transition. Over a period of 20 months, chlorophyll a values rarely exceeded 2 mu g l. super(-1) in unpolluted coastal waters. Estuarine waters generally contained 2-6 mu g l. super(-1) and, in waters influenced by sewage discharge, values sometimes exceeded 20 mu 1. super(-1). There was no evidence of a reductionin taxonomic diversity in polluted areas except in summer, when the net phytoplankton was dominated by Chaetoceros spp. In the autumn and early winter, Skeletonema costatum was abundant in the central polluted areas.

Thompson, P., Waite, A., South Australian, R. & Development Inst, A. (2000) Phytoplankton responses to waste water discharges: an example from Western Australia In Proceedings of the National Workshop on Wastewater Treatment and Integrated Aquaculture, pp. 119-136.M (Marine)
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Since March 1996, phytoplankton biomass, species composition and primary production have been measured in the vicinity of a wastewater outlet near the city of Perth, Western Australia. The wastewater delivers approximately 2,518 kg of nitrogen and 683 kg of phosphorus per day into the oligotrophic marine waters 1.7 km from shore. Within the vicinity of the outlet there are measurably greater concentrations of nitrate, phosphate and silicate and the low salinity of the wastewater means that the effluent rises to the surface. Under relatively calm conditions, there is a measurable phytoplankton response in the vicinity of the outlet. Phytoplankton biomass and productivity are some 50% greater up to 4 km away from the outlet. The ecosystem is strongly dominated by diatoms, which make up to approximately 55% of all phytoplankton cells. Phytoplankton species composition and biodiversity seem relatively unimpacted by the nutrient discharge, which may be related to the unusually low levels of dissolved inorganic nitrogen relative to phosphate and silicate in the ambient seawater.

Thompson, P.A. (2001) Temporal variability of phytoplankton in a salt wedge estuary, the Swan-Canning Estuary, Western Australia. Hydrological Processes [Hydrol Process], 15, 2617-2630.B (Brackish)

Australia, Swan R.; Australia, Canning R.; Estuaries ; River Flow; Rainfall ; Phytoplankton ; Biomass ; Species Composition; Data Interpretation; Temporal Distribution; Variability ; Eutrophication ; River discharge; Nutrients mineral; Temporal variations; Algal blooms; Environmental factors; Environment management; Ecosystem management; Salt wedge estuaries; Algae ; ISW, Australia, Western Australia, Swan Canning Estuary; Indian Ocean (ISW)

The temporal cycles of variation in salinity, temperature and river flow in the Swan-Canning Estuary plus rainfall in the vicinity are examined. A `normal' pattern is defined for rainfall and river flow based on long-term median monthly values from available historical data. Long-term monthly median rainfall and median monthly river flow were highly correlated. Deviations from the `normal' patterns of rainfall and river flow are documented. Three years of detailed data on the temporal distribution of the algal biomass and phytoplankton community composition from the Swan-Canning Estuary are presented and discussed. Significant interannual variability in the phytoplankton biomass was observed with 1996 having a significantly lower median chlorophyll a concentration than 1995 or 1997. Different years also had pronounced differences in the timing, persistence and occurrence of algal blooms. Links with, and between, rainfall, river flow, nutrient concentrations and phytoplankton biomass are made by careful examination of the temporal patterns. Deviations from the proposed `normal' temporal pattern of physical and chemical environmental factors relevant to the growth of phytoplankton biomass are assessed. Deviations from `normal' rainfall and river flow, depending upon their timing and intensity, appear to be associated with occurrence of algal blooms. For example, the lack of a dinoflagellate bloom in December 1996 or January 1997 appears to be associated with a wetter than normal spring. Based upon the observed data, published reports and basic principles of algal ecology a set of predicted responses to variation in the major environmental variables (rainfall and river flow) are tabulated. The tabulated predictions are proposed as a useful tool for resource managers.

Thompson, P.A. & Rhee, G.Y. (1994) Phytoplankton responses to eutrophication In Algae and Water Pollution (Rai, L.C., et al. eds.), pp. 125-166.F (Freshwater)
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In many freshwater bodies, the availability of P controls primary production during most growing seasons. In general, there is a correlation between algal biomass and total P concentration or P loading. Nutrient loading rates causing P to be in excess of N tend to enhance atmospheric N sub(2) fixation. The results of eutrophication research have shown that the most fundamental remedial strategy to restore water quality is a reduction of P loading.

Tolomio, C. & Bullo, L. (2001) Qualitative survey of phytoplankton in three areas in the seashore of Venice. (March 1995-June 1996). Lavori, Societa Veneziana di Scienza Naturali [Lav, Soc Veneziana Sci Nat], 26, 29-52.
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The results of a qualitative analysis of the phytoplankton present in three stations (one in the Venice Lagoon and two in the coastal area) are reported. Analyses at the light microscope on phytoplankton samples have been carried out. These samples have been collected with a net near the water surface for 16 months. With the data obtained we did three floristic lists; they evidenced a similar composition among the sampling stations, expecially between those located near the littoral zone. Even if there was a differentiated and rich microflora, the station in the lagoon was influenced by a hydrological isolation, also represented by eupelagic taxa. However, even in the sea, there were freshwater species, which confirm that in the seashore the water coming from the rivers can lead the maintenance of oligoalobie species.

Trifonova, I.S. (1989) Changes in community structure and productivity of phytoplankton as indicators of lake and reservoir eutrophication In Proceedings of the International Conference on Reservoir Limnology and Water Quality. 2. Chemical Limnology, Primary Production, Plankton, Benthos and Fish Interactions. (Talling, J.F., et al. eds.), pp. 363-371.F (Freshwater)
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The direct correlation between phytoplankton productivity and total phosphorus content (P sub(tot)) was demonstrated for lakes of the north-west of the USSR. When the concentration of P sub(tot) changes from 0.01 to 0.2 g/m there is variation of 0.4-23 g/m for phytoplankton biomass and 1.0-65 mg/m for chlorophyll a content, as season averages, and 23-326 gC/m for annual primary production.

Tsirtsis, G. & Karydis, M. (1998) Evaluation of phytoplankton community indices for detecting eutrophic trends in the marine environment. Environmental Monitoring and Assessment [Environ Monit Assess], 50, 255-269.
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Twenty two diversity, evenness and dominance indices based on phytoplankton community structure were examined for their sensitivity to assess eutrophic conditions. Data from two sampling sites, one eutrophic and one oligotrophic, were used as reference data-sets for evaluating the indices. McNaughton's dominance index, cell number, species number (Hill's N0), Kothe's species deficit, Odum's species per thousand individuals and Evenness E2, E3 seemed to be the most sensitive indices for discriminating between eutrophic and oligotrophic conditions. A case study was also performed using a data-set from ten stations spaced along the coastal area of the city of Rhodes, Aegean Sea, Greece to find out which of the indices were appropriate to assess different levels of eutrophication. Kothe's species deficit, Hill's N0 (species number), Margalef's and Gleason's indices have shown the highest sensitivity to resolve oligotrophic, mesotrophic and eutrophic conditions.

Udy, J.W. & Dennison, W.C. (1997) Physiological responses of seagrasses used to identify anthropogenic nutrient inputs. Mar. Freshwat. Res., 48, 605-614.M (Marine)
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Fertilization experiments have established that seagrass growth in Moreton Bay can be limited by the supply of both N and P. In the present study, morphological and physiological characteristics (canopy height, shoot density, biomass, growth, tissue nutrient content, amino acid concentrations and delta super(15)N ratios) of Zostera capricorni Aschers. in Moreton Bay, close to and distant from nutrient sources, were compared. Z. capricorni at the four sites close to nutrient sources (sewage, septic or prawn-farm effluent, or river discharge), had physiological characteristics representative of high nutrient availability and at the five sites distant from nutrient sources had physiological characteristics representative of low nutrient availability. Differences in sediment nutrient concentrations (NH sub(4) super(+) and PO sub(4) super(3-)), seagrass morphology and growth were not related to proximity to nutrient sources. However, the nutrient content of the seagrasses and their amino acid concentrations were consistently higher at sites close to a nutrient source. The amino acids glutamine and asparagine were the most responsive to elevated nutrient availability, and delta super(15)N values of seagrasses reflected the source of N rather than the nutrient load. These results demonstrate that physiological characteristics of seagrasses can be used to identify the nutrient load and source affecting marine ecosystems.

Udy, J.W., Dennison, W.C., Long, W.J.L. & McKenzie, L.J. (1999) Responses of seagrass to nutrients in the Great Barrier Reef, Australia. Mar Ecol Prog Ser, 185, 257-271.M (Marine)
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Declines in seagrass biomass and growth have been widely reported in response to anthropogenic impacts. In contrast, the distribution and biomass of seagrass in the carbonate sediment around Green Island reef, part of Australia's Great Barrier Reef (GBR), has measurably increased during the past 50 yr, possibly due to increases in the availability of nutrients from local and regional anthropogenic sources. Using historical aerial photography, increases in seagrass distribution at Green Island have been mapped. The growth, morphological and physiological responses of 2 seagrass species (Halodule uninervis and Syringodium isoetifolium) to elevated sediment nitrogen (N; 100x control) and /or phosphorus (P; 10x control) were measured to investigate whether increased nutrients could account for the observed increase in distribution. Increases in the growth rate, amino acid composition and tissue nutrient content of both species occurred in response to elevated sediment N, but not P. Concentrations of the N-rich amino acids asparagine and glutamine increased 3- to 100-fold in seagrass leaves from N treatments. The delta super(15)N values of leaves decreased in response to additions of nitrogen, probably due to increased discrimination against the super(15)N isotope, because N availability was surplus to demand. The low delta super(15)N value of seagrasses in the Green Island back reef suggests that their primary source of N is either from N sub(2) fixation or fertilisers and that the N from sewage is not a large component of their N budget. This study is the first to demonstrate N, rather than P, as the primary limiting nutrient for growth of seagrass in carbonate sediments and supports the hypothesis that the increase in the seagrass distribution and biomass at Green Island was caused by an increase in nutrient availability. We also hypothesise that seagrass distribution and biomass in many regions of the GBR may be limited by nutrients and that the lack of substantial seagrass meadows in the southern GBR could be due to these reefs receiving less nutrients from the mainland.

Van Beusekom, J.E.E. & Brockmann, U.H. (1998) Transformation of phosphorus in the Elbe Estuary. Estuaries, 21, 518-526.M (Marine); B (Brackish); F (Freshwater)
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The distribution of dissolved and particle-bound phosphorus (P) was investigated in the Elbe estuary during March 1995. The forms of particulate P were studied with a sequential extraction technique. Organic P dominated particle-bound P in the outer reaches of the estuary (52%), decreased to a minimum of 21% in the turbidity zone, and increased to 33% further upstream. Fe-bound P was the second most important P species in the outer reaches (27%) and dominated in the turbidity zone (up to 57%) and upstream of the turbidity zone (up to 48%). The P:Fe ratio increased with decreasing salinity, from 0.11 in the outer reaches to about 0.22 at zero salinity. Dissolved inorganic P release from riverine suspended matter was about two to three times larger than release from marine suspended matter and was dominated by release of Fe-bound P. Dissolved inorganic P release from marine and from riverine organic matter were of equal importance. Because marine suspended matter dominates in the estuary, this suggests riverine organic matter is remineralized much faster than marine organic matter. This is in line with the refractory nature of marine organic matter (no phytoplankton bloom) and the easily degradable character of the riverine suspended matter (phytoplankton bloom) in the Elbe estuary during March 1995.

van Dam, H., Mertens, A. & Sinkeldam, J. (1994) A coded checklist and ecological indicator values of freshwater diatoms from The Netherlands. Neth. J. Aquat. Ecol., 28, 117-133.B (Brackish); F (Freshwater)
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This first comprehensive checklist of the diatoms from fresh and weakly brackish water in The Netherlands comprises 948 taxa, belonging to 776 species in 56 genera. The genera Navicula, which has a very wide ecological amplitude, and Nitzschia, which has many pollution tolerant species, are most numerous. Each taxon is identified with a unique eight-letter code, to facilitate computer processing of data. Ecological indicator values for pH, salinity, nitrogen uptake metabolism, oxygen, saprobity, trophic state and moisture are presented.

van der Wal, P., Kraay, G.W. & van der Meer, J. (1994) Community structure and nutritional state of phytoplankton growing in mesocosms with different initial N:P ratios studied with high performance liquid chromatography. Sarsia, 79, 409-416.M (Marine)
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In May 1992 the effects of changing nutrient conditions on the algal community structure and the nutritional state of phytoplankton populations were studied in three seawater enclosures installed at the Marine Biological Field Station near Bergen, Norway. The enclosures were fertilized with nitrate and phosphate; they differed in the amount of phosphate administered. Phytoplankton groups were identified on the basis of pigment concentrations measured by means of high performance liquid chromatography. Multivariate statistical analysis of the data revealed that the algal communities in the three enclosures developed according to a comparable pattern. In the first half of May phytoplankton composition changed from a dinoflagellate-rich community into a diatom bloom culminating around 10 May; in the second half of May haptophyte blooms developed in two enclosures. Carotenoid/chlorophyll a ratio was used as a diagnostic tool to probe the nutritional state of the phytoplankton community. Nutrient-stressed on senescent cells could not be detected. The observed changes in the ratio were more likely the result of changes in species composition. It is discussed that the carotenoid/chlorophyll a ratio is an invalid indicator of nutrient stress on the level of the whole algal community, due to the complex interactions in the pelagic ecosystem.

Vidal, M., Duarte, C.M. & Sanchez, M.C. (1999) Coastal Eutrophication Research in Europe: Progress and Imbalances. Marine Pollution Bulletin [Mar Pollut Bull], 38, 851-854.
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Freshwater eutrophication has been successfully predicted using a combination of chlorophyll a:total phosphorus regression model and phosphorus mass balance model. The widespread increased nutrient loading to freshwaters has also led to increased nutrient loading to coastal areas world wide, thereby transferring the eutrophication problem to the coast. In the absence of models specific for coastal waters, the models derived for freshwaters are being applied. Whether the models transferred from freshwater are applicable to marine coastal waters has not been, however, sufficiently tested, largely because of the paucity of studies on coastal eutrophication. Yet, these models are essential to the management of the quality of coastal waters. Here we review, on the basis of a thorough bibliographic search, the development of studies on coastal eutrophication over the past decade and examine the geographical spread of the effort, in an attempt to establish whether the empirical basis to test the performance of eutrophication models or to derive specific models for the coastal zone is now available.

Vila, I., Contreras, M. & Pizarro, J. (1997) Eutrophication and phytoplankton selective responses in a temperate reservoir In Congress in Sao Paulo 1995 Proceedings, pp. 798-802.F (Freshwater)
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Vilicic, D. (1989) Phytoplankton population density and volume as indicators of eutrophication in the eastern part of the Adriatic Sea. Hydrobiologia., 174, 117-132.M (Marine)
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Population density and volume-biomass of microplankton, nanoplankton and total phytoplankton were analyzed at 14 stations along the eastern part of the Adriatic Sea. Based upon data frequency distribution four categories of ecosystems were established in the investigated area. Criteria for ecosystem categorization and biological evaluation of eutrophication are proposed.

Villegas, I. & de Giner, G. (1973) Phytoplankton as a biological indicator of water quality. Water Research [Water Res], 7, 479-487.F (Freshwater)

A qualitative and quantitative study of phytoplankton was made in order to determine the abundance of a group as its percentage of the total phytoplankton population from each sample. Despite waterborne phytoplankton, it is thought that an adequate number of analyses would allow the group structure at any point to be determined. It is concluded that the ecological condition of phytoplankton groups bears a direct relationship to the sanitary state of the water, and that the use of phytoplankton as biotic community indicators of pollution has value when the comprehensive ecological factors are known.

Vinebrooke, R.D. & Leavitt, P.R. (1999) Phytobenthos and phytoplankton as potential indicators of climate change in mountain lakes and ponds: A HPLC-based pigment approach. Journal of the North American Benthological Society [J N Am Benthol Soc], 18, 15-33.Canada, Rocky Mts.; Phytoplankton ; Benthos ; Indicators ; Climatic Changes; Pigments ; Liquid Chromatography; Regression Analysis; Prediction ; Ponds ; Mountain Lakes; Physicochemical Properties; Lakes ; Periphyton ; Indicator species; Mountains ; Photosynthetic pigments; Phytobenthos ; Ultraviolet radiation; Community composition; Limnology ; Environmental factors; Alpine environments; Methodology ; Canada ; Bioindicators ; Dissolved organic carbon; Cyanophyta ; Chlorophyta ; Bacillariophyceae ; Cryptophyta ; Canada, Rocky Mts.; indicators ; physicochemical properties; prediction ; Rocky Mountain lakes

Shallow mountain lakes and ponds may function as reference systems for monitoring the effects of global climate change. A survey of phytobenthos and phytoplankton communities was conducted along an altitudinal gradient of Canadian Rocky Mountain lakes and ponds to relate patterns in algal abundance and community composition to catchment and climate-related variables. Algal abundance and community composition were quantified using pigments as analyzed by high performance liquid chromatography (HPLC). Regression analyses revealed that the abundance of rock-attached algae (epilithon) was negatively correlated (r super(2) = 0.54, p < 0.001) to lake elevation, and positively correlated to conductivity and dissolved organic carbon (DOC) content (r super(2) = 0.52, p sub(cond.) < 0.03, p sub(DOC) < 0.01). Redundancy analysis (RDA) showed that elevation, conductivity, and DOC were also significant predictors of epilithon community composition. Epilithic diatoms (diatoxanthin, diadinoxanthin, fucoxanthin) declined disproportionately with increasing water transparency and decreasing chemical concentrations. In contrast, patterns in sediment-dwelling algal (epipelon) abundance and community composition were not well-explained by the suite of measured environmental variables. Phytoplankton community composition, but not abundance, was best predicted by zooplankton biomass and elevation as cryptophytes (alloxanthin) were favored in low-elevation, montane lakes and ponds containing abundant zooplankton. Also, elevated conductivity and low DOC content were associated with a compositional shift away from planktonic cryptophytes and green algae (lutein, violaxanthin) towards siliceous algae (fucoxanthin, chlorophyll c) and colonial cyanobacteria (myxoxanthophyll). These comparative results corroborate experimental findings that suggest epilithon is regulated by DOC, inorganic nutrients, and exposure to ultraviolet radiation (UV) in alpine littoral habitats. Thus, epilithon appears better suited than either phytoplankton or epipelon as a bioindicator of climatically induced variations in the abiotic environments of shallow mountain lakes and ponds.

Wasmund, N. (1989) Characteristics of phytoplankton in brackish waters of different trophic levels. Limnologica., 20, 47-51.B (Brackish)

trophic levels; turbidity ; annual variations; species diversity; indicator species; seasonal variations; ANE, Baltic, Darss Zingst Estuary; phytoplankton; Atlantic Northeast (ANE)

Investigations on phytoplankton have been carried out in the waters south of the Darss-Zingst Peninsula. These consist of a chain of several water bodies (boddens), differing in their trophic level. Annual phytoplankton production and a mean biovolume of 100-200 g C/m super(2) and 2-10 mm super(3)/l respectively were found for the mesotrophic level, of 200-400 g C/m super(2) and 10-20 mm super(3)/l for the eutrophic level, and of 400-600 g C/m super(2) and 20 (-35) mm super(3)/l for the polytrophic level. Since the water becomes more turbid as the trophic level increases, the higher the trophic level, the smaller is the contribution of the phytobenthos to the total primary production.

Wasmund, N. (1994) Phytoplankton periodicity in a eutrophic coastal water of the Baltic Sea. Int. Rev. Gesamt. Hydrobiol., 79, 259-285.M (Marine); B (Brackish)
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Atlantic Northeast (ANE)

The phytoplankton periodicity in the Darss-Zingst bodden chain, an estuary-like coastal water of the southern Baltic Sea, was investigated from 1984 to 1990. The following functional groups were established: 1.) nitrogen-fixing Cyanobacteria plus Oscillatoria limnetica, 2.) coccoid Chlorophyceae, Gomphosphaeria pusilla, Lyngbya contorta and Stephanodiscus hantzschii, 3.) coccoid Cyanobacteria except Gomphosphaeria, 4.) diatoms except Stephanodiscus, 5.) Cryptophyceae and some other flagellates. A general seasonal pattern was observable: in cold winters group 5 dominates; in spring a diatom bloom (= group 4) occurred, which was followed by the development of group 2; steep temperature increases caused a summer bloom of nitrogen-fixing cyanobacteria (= group 1), which was followed by groups 2 and 3 in autumn in bland winters group 2 lasts until spring. Grazing was shown to be of minor importance for the phytoplankton periodicity.

Wasmund, N., M. Zalewski und S. Busch (1999) Phytoplankton in large river plumes in the Baltic Sea. ICES J. Mar. Sci., Suppl. 56, 23-32.

Changes in phytoplankton composition along a gradient (mainly salinity) in river plumes of the south-eastern Baltic Sea

Wasmund, N., Nausch, G., Postel, L., Witek, Z., Zalewski, M., Gromisz, S., Lysiak-Pastuszak, E., Olenina, I., Kavolyte, R., Jasinskaite, A., Müller-Karulis, B., Ikauniece, A., Ojaveer, H., Kalliste, K., Jaanus, A. (2000) Trophic status of coastal and open areas of the south-eastern Baltic Sea based on nutrient and phytoplankton data from 1993-1997. Meereswiss. Ber., Warnemünde, 38, 83 pp.

Compiled data bank 1993-1998 for coastal and open waters

Wasmund, N., Andrushaitis, A., Lysiak-Pastuszak, E., Müller-Karulis, B., Nausch, G., Neumann, T., Ojaveer, H., Olenina, I., Postel, L., Witek, Z. (2001) Trophic status of the south-eastern Baltic Sea: a comparison of coastal and open areas. Estuar. Coast. Shelf Sci., 53, 849-864.

Primary production in river plumes and open sea, trends and budget of primary production in the Baltic Proper

Wasmund, N., Alheit, J., Pollehne, F., Siegel, H. & Zettler, M.L. (1999) The biological state of the Baltic Sea in 1998 at the basis of phytoplankton-, zooplankton- and zoobenthos-investigations In Meereswiss Ber;.M (Marine)
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sedimentation ; abundance ; HELCOM; Atlantic Northeast (ANE)

The results of the biological environmental monitoring carried out by the Baltic Sea Research Institute (IOW) in 1998 within the HELCOM programme are presented and discussed. In 1998, the spring bloom of phytoplankton started in Mecklenburg Bight in the mid of March and was produced mainly by diatoms (Chaetoceros sp.). At later stages, the contribution of dinoflagellates (Gymnodinium spp.) increased continuously. In the Arkona Sea, the spring bloom started approximately on 20 March (Chaetoceros sp.), again followed by Gymnodinium spp. Also in the Bornholm Sea, the spring bloom started at the end of March, but was dominated by Gymnodinium spp. from the beginning. In summer, cyanobacteria and several flagellates were the dominant groups in the Baltic Proper. The diatom Dactyliosolen fragilissimus formed a bloom in Mecklenburg Bight in June/July 1998. A sample from 15 September 1998 from the Arkona Sea showed an enormous bloom of Prorocentrum micans. In late autumn, the diatom Coscinodiscus granii dominated in the Baltic Proper but the dinoflagellate Ceratium tripos in Mecklenburg Bight. The statements on phytoplankton development are supported by chlorophyll data (gathered both by fluorometric analysis and remote sensing). The chlorophyll data are especially useful for long-term trend analyses. Different hypotheses for explaining the relatively late spring blooms in the eastern parts of the Baltic Sea and the long-term replacement of diatoms by dinoflagellates in the spring blooms are discussed. The analysis of sedimenting particles for the year 1997 revealed the prevailance of the spring season for the vertical flux of particulate matter, in contrast to 1996, when high sedimentation occurred also in late summer/autumn. The qualitative analysis of sedimenting phytoplankton species showed, however, similar patterns in 1996 and 1997. The seasonal cycle of pelagic algae was well reflected in the sediment traps. The abundance of rotatoria (Synchaeta sp.) increased strongly in comparison with the previous year (maximum in May, frequently a second maximum in October), but the abundance of copepods decreased. A seasonal shift in the copepod maxima was conspicuous: in 1997, the peak was reached only in August, but in 1998 already in May (exception: deep water in the Bornholm Sea and Eastern Gotland Sea). The abundance of cladocerans in 1998 was clearly lower than in 1997, especially in August. It has to be admitted that the real abundance peaks of the different zooplankton groups may have been missed due to a rather low sampling frequency. Methodological problems are discussed in detail. The number of species of macrozoobenthos increased when compared with data from previous years. It amounted to 83 in 1998 and ranged from 3 in the Bornholm Sea to 49 in the Fehmarn Belt. The well-flushed, sandy or gravelly areas of Fehmarn Belt, Darss Sill and southern Arkona Sea were especially rich in species. At silty stations in Mecklenburg Bight, the stock of Euchone papillosa (Polychaeta) recovered. As in the previous year, the glacial relicts Pontoporeia femorata and Saduria entomon occurred at several stations. Also the mussels Astarte borealis and A. elliptica were noticed. Some species, absent for years or decades in Mecklenburg Bight, Arkona Sea and Pomeranian Bay, are still missing: Monoporeia affinis, Buccinum undatum, Nassarius reticulatus, Astarte montagui, Scrobicularia plana and Macoma calcarea. The density of individuals of macrozoobenthos ranged from 13 ind./m super(2) (in Bornholm Sea) to 7.235 ind./m super(2) (southern Arkona Sea) in 1998. The biomass (as ash-free dry weight) was between 0,01 g/m super(2) (Bornholm Sea) and 48,4 g/m super(2) (east of Darss Sill).

Wasmund, N. & Kell, V. (1991) Characterization of brackish coastal waters of different trophic levels by means of phytoplankton biomass and primary production. Int. Rev. Gesamt. Hydrobiol., 76, 361-370.B (Brackish)
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Investigations on phytoplankton have been carried out in Baltic coastal waters, which are widely separated from the sea. Corresponding to their distance to the sea they differ in their trophic level. Annual phytoplankton production and a mean biovolume of 100-200 g C/m super(2) and 2-10 mm super(3)/l respectively were found for the mesotrophic level, of 200-400 g C/m super(2) and 10-20 mm super(3)/l for the eutrophic level, and of 400-600 g C/m super(2) and over 20 mm super(3)/l for the polytrophic level. In the course of nearly two decades of investigation a slight increase of phytoplankton biovolume, but no increase of primary production was recorded. Some changes in species composition are to be recognized in Greifswalder Bodden, if old literature is compared with recent data. In the Darss-Zingst boddens a shift from Cyanobacteria dominance towards Chlorophyceae dominance has appeared for at least 5 years. This was on account of the disappearance of Gomphosphaeria pusilla), which is thought to be an indicator species of the mesotrophic level.

Wasmund, N., Nausch, G. & Matthaeus, W. (1998) Phytoplankton spring blooms in the southern Baltic Sea--spatio-temporal development and long-term trends. Journal of Plankton Research [J Plankton Res], 20, 1099-1117.
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The seasonal and long-term development of the phytoplankton spring bloom in different regions of the southern Baltic Sea was investigated on the basis of monitoring data. The development of a spring bloom starts when the upper mixed layer becomes shallower than the euphotic zone, as proved also by a mesocosm experiment. This already happens in March in Mecklenburg Bight and the western part of the Arkona Sea, leading to a diatom bloom, but only in April in the Bornholm Sea, increasingly giving rise to a dinoflagellate bloom. The new production of the spring phytoplankton may be calculated from the decrease in nutrients during spring. In comparison with the Redfield ratio, phosphorus is taken up in excess (N:P = 9.2-10.2). The consumption of silicate in spring has been reduced in the southern Baltic proper since 1989, pointing to a decline in diatoms. The increase in chlorophyll a in the Bornholm and the southern Gotland Seas is related to eutrophication, whereas the decrease in diatoms in favour of the dinoflagellates is related to mild winters. The lack of deep-reaching circulation after mild winters may be one reason for the suppression of the nonmotile diatoms.

Wasmund, N., Pollehne, F., Postel, K., Siegel, H. & Zettler, M.L. (2002) Biologische Zustandseinschätzung der Ostsee im Jahre 2001. Meereswiss. Ber., Warnemünde, in press, 1-78.

Trends in Phytoplankton and Chlorophyll in the Baltic Proper and Mecklenburg Bight

Wasmund, N.M.Z., Susanne Busch (1999) Phytoplankton in large river plumes in the Baltic Sea. ICES Journal of Marine Science, Vol. 56, No. a, 23-32.
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Coastal regions of the south-eastern Baltic Sea subjected to large river inflow (Oder, Vistula, Klaipeda Strait, Daugava) were investigated from 1993 to 1997. The gradual increase in salinity due to mixing of river plumes with sea water was associated with a decrease in nutrient concentration, Chl a, and phytoplankton biomass. Dilution of the high biomass of riverine phytoplankton, however, does not result in a steady decrease of all components, but in the successive disappearance of different freshwater species. When salinity increased to about 7, most limnetic (oligohalobic) species (chlorophyceae, most of the cyanobacteria, some diatoms) disappeared almost completely. Therefore, this concentration was used to define the border of the plume. Sometimes, different water bodies can be distinguished more readily by their species composition than by physico-chemical parameters. From an ecosystem perspective, the coastal waters must be distinguished from the open sea because of their special characteristics: e.g. higher N/P ratios indicating potential P-limitation and higher phytoplankton biomass  (>2g m-3). In contrast to the open Baltic Proper, the river plumes were characterized by spring blooms of diatoms instead of dinoflagellates.

Watanabe, Y. & Drucker, V.V. (1999) Phytoplankton blooms in Lake Baikal, with reference to the lake's present state of eutrophication In Ancient lakes Their cultural and biological diversity, pp. 217-225.F (Freshwater)
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Lake Baikal (Russia) is the largest ancient lake in volume, containing about 20% of the Earth's surface fresh water. The water of Lake Baikal has long been considered clear, but recent observations have shown decreases in the transparency of the lake, in particular owing to phytoplankton blooms over broad areas in early spring and summer, when the lake's water is thermally stratified. Especially in summer, blooms of very small phytoplankton develop in the pelagic zone of most the lake. Additionally, massive growths of large colony-forming, nitrogen-fixing cyanobacteria such as Anabaena and Gloeotrichia, similar to those observed in highly eutrophic temperate lakes, are observed in bays into which large rivers flow. These facts suggest that the water of lake Baikal is potentially eutrophic. Because of the large amount of cold water in the hypolimnion and long retention time of the lake's water, eutrophication of Lake Baikal does not appear to be advancing rapidly. However, it is urgent to monitor the water quality of the lake and the nutrient loads from the watershed, where great social and economic changes are now taking place. The influence of eutrophication on the biological community, made up of many valuable endemic species, also has to be investigated for the protection and conservation of Lake Baikal, an invaluable natural heritage of the world .

Wawiye, O., Dzeha, T., Ohowa, B.O., Njoya, J., Kenya, M. & Fisheries Research Inst, M. (1997) Phytoplankton as bioindicators of environmental stress: Comparison between a polluted (Kibarani dump site) and a pristine (Mida creek) environment along the Kenya coastline In Environmental monitoring in the coastal zone.B (Brackish); M (Marine)
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The phytoplankton populations were monitored in Makupa Creek (Kenya) where there is high anthropogenic input of nutrients from ship waste, sludge from septic tanks, pit latrines and municipal solid waste. Two stations were chosen in the creek, one station adjacent to the point of disposition of the solid waste and the other station adjacent to the Kipevu power plant where there is the influence of thermal stress. A reference station was chosen at Mida Creek where the influence of anthropogenic nutrient loading is very minimal and the counting of faecal coliforms is nil. Multivariate direct gradient analysis was then applied to assess the possible influence of the high anthropogenic nutrients loading on the species assemblages in the three sites. Simpsons diversity index was used to compare the diversity in the three sites. A relation was observed between the species assemblages and the supplied environmental variables after the application of the Monte Carlo permutation test between the Mida and Makupa stations. The species assemblage within the Makupa Creek stations was similar, probably because of mixing between the two sites. The phytoplankton population in Makupa Creek was very low as compared to Mida Creek and showed a dominance of Prorocentrum micans when there was high count of faecal coliforms indicating recent discharge of sewage or contamination by other anthropogenic sources.

Wei, B., Sugiura, N. & Maekawa, T. (2000) Evaluation of trophic state of eutrophicated lake and biotic response from algal community level. Environmental Technology [Environ Technol], 21, 1047-1053.
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Trophic state indices were developed according to the comprehensive assessment approach. The results of the average trophic state index at four sampling stations with different contamination situations in Lake Kasumigaura, Japan, showed that trophic state index ranged monthly from 55 to 75, and the limiting factors were chemical oxygen demand and total phosphorus. Further, two empirical expressions indicating the trophic state of total nitrogen and total phosphorus were established by regressing with Carlson index. To analyze the biotic responses from algal community level, the correlation between the chlorophyll-a (representing the total biomass of phytoplankton), Shannon's diversity index (representing the information content), and trophic state indices of main water quality factors were studied. It was found that chlorophyll-a was suitable as one biological indicator to show the trend of eutrophication of Lake Kasumigaura. However, it will be limited as diversity index is employed to test the biotic response to the change of water environment only.

Wheelerb, M.N.a.P.A. (1999) Changes in nitrogen pools in Ulva fenestrata ( chlorophyta) and Gracilaria pacifica ( Rhodophyta) under nitrate and ammonium enrichment. J. Phycol, 35.

amino acids; Gracilaria; macroalgae; nitrogen pools; proteins; storage; Ulva

The accumulation of nitrogen in different cellular pools by the macroalgae Ulva fenestrata (Postels and Ruprecht) (Chlorophyta) and Gracilaria pacifica (Abbott) (Rhodophyta) was studied in a laboratory experiment. After 8 or 9 days of nitrogen enrichment, nitrate, ammonium, free amino acid (FAA), protein, chlorophyll (chl), phycoerythrin (PE), and insoluble nitrogen pools were extracted and analyzed, and their relative contribution to total nitrogen (TN) was assessed. In U. fenestrata, the nitrate and ammonium enrichments resulted in a significant increase of TN from 2.41% dry weight (dw) to 4.19% and 4.71% dw, respectively. All the extracted N pools increased significantly. In G. pacifica, TN increased more under ammonium enrichment The accumulation of nitrogen in different cellular pools by the macroalgae Ulva fenestrata (Postels and Ruprecht) (Chlorophyta) and Gracilaria pacifica (Abbott) (Rhodophyta) was studied in a laboratory experiment. After 8 or 9 days of nitrogen enrichment, nitrate, ammonium, free amino acid (FAA), protein, chlorophyll (chl), phycoerythrin (PE), and insoluble nitrogen pools were extracted and analyzed, and their relative contribution to total nitrogen (TN) was assessed. In U. fenestrata, the nitrate and ammonium enrichments resulted in a significant increase of TN from 2.41% dry weight (dw) to 4.19% and 4.71% dw, respectively. All the extracted N pools increased significantly. In G. pacifica, TN increased more under ammonium enrichment than under nitrate enrichment. In both macroalgae, proteins and FAA were the most important N storage pools. Protein-N ranged from 700 to 2300 µmol N·g dw-1 (43%-66% of TN) and contributed the most to TN increase (41%-89%). The FAA pool was always larger in G. pacifica than in U. fenestrata. In both species, the FAA pool accounted for 4%-17% of TN (70-600 µmol N·g dw-1). In U. fenestrata, nitrate can represent a temporary storage pool: it accumulated up to 200 µmol N·g dw-1 (7% of TN) and contributed more than FAA to overall increase in cellular nitrogen. In contrast, G. pacifica had a small nitrate pool. The PE pool in G. pacifica increased with TN but was never more than 9% of total protein-N or 6% of TN, and it was less important than FAA as a storage pool. All TN was recovered in the extracted and insoluble N pools at the end of the experiment in U. fenestrata. In G. pacifica, the extracted and insoluble N pools accounted on average for 83%-90% of TN.

Whitton, B.A. (1984) Algae as monitors of heavy metals in freshwaters In Algae as Ecological Indicators. (Shubert, L.E. ed.), pp. 257-280.F (Freshwater)
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A review is presented of biological methods for assessing the environmental impact of heavy metals, using freshwater algae, assessing which can be put to practical use and suggesting which might be considered suitable for ultimate development into a standard method.

Wilhelm, C., Volkmar, P., Lohmann, C., Becker, A. & Meyer, M. (1995) The HPLC-aided pigment analysis of phytoplankton cells as a powerful tool in water quality control. Aqua, 44, 132-141.F (Freshwater)
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The composition of the phytoplankton in natural waters is a reliable indicator for changes in the trophic state. Monitoring the amount and the composition of the phytoplankton will yield important information about the biological processes in the water body. In routine, the quantitative phytoplankton analysis is hindered by the fact that the determination of the phytoplankton assemblage is very time-consuming, because it can be done only by counting the number of cells and measuring cell size in the Utermoehl microscope. In this paper we present the state-of-the-art of quantitative measurement of the phytoplankton assemblage by HPLC-aided pigment analysis. This method is based on the fact that the major algal groups contain specific pigments which can be easily extracted and chromatographed. The method and the data obtained are discussed in relation to water quality control.

Willen, E. (1987) Characteristics of the phytoplankton of large lakes In Lake Paeijaenne Symposium. (Saerkkae, J. ed.), pp. 37.F (Freshwater)
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Phytoplankton in large lakes of Sweden is mainly composed of the three groups blue-greens, diatoms and cryptophycean flagellates. Due to often strong water movements many large and heavy diatoms as well as other large algae can be kept in the trophogenic layer also in the summer. Those species that prefer a calm and strongly stratified water column like many blue-greens, desmids and euglenophytes are not found but in small quantities and in bays or regions near shores. The distinct pattern in the seasonality of phytoplankton found in small sheltered lakes is more diffuse in large lakes where the time of appearance of a certain species is just roughly estimated. The littoral zone has in general a smaller impact on a large lake than on a small lake. Its role as breeding and growth area for many phytoplankton species, especially green algae, is of minor importance considering the central water mass of a large lake.

Willen, E. (1987) Phytoplankton and reversed eutrophication in Lake Maelaren, Central Sweden, 1965-1983. Br. Phycol. J., 22, 193-208.phytoplankton ; population changes; pollution control; nutrients mineral; community composition; nutrients ; population dynamics; eutrophication ; Sweden, Maelaren L.; long term changes

Summaries of changes since 1965 in the phytoplankton flora of Lake Maelaren, the third largest lake in Sweden, are presented. With changes in the ratios of N/P and Si/P as well as the turbidity of the water there have been drastic alterations in species composition and total phytoplankton biomasses. There was a rise in the number of species over the period of study at all times of the year. Colonial species decreased while small and large flagellates of chrysophytes, cryptomonads and dinoflagellates increased. In the most polluted basins cyanobacterial blooms have halved their peak biomasses or have almost disappeared.

Willen, E. (1988) Abundance distribution models tested on phytoplankton Swedish lakes In Congress in New Zealand 1987. Proceedings. (Sladecek, V. ed.), pp. 692.F (Freshwater)
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Since the 1930's and 1940's different species abundance models have been described and related to various kinds of ecological conditions. The log-normal model was the only one applicable here. Its distribution is expected to be valid in large samples with a heterogeneous assemblage of species, where the environment is randomly fluctuating, with an interplay of many independent factors. There are also statements of its validity in equilibrium and unaffected communities. The material consisted of summer phytoplankton communities from 50 oligotrophic lakes distributed all over Sweden. The aim was to demonstrate how an efficient phosphorus precipitation programme has affected the phytoplankton abundance distribution in two basins, one that has changed from hypereutrophic to eutrophic conditions and another which now is of mesotrophic character.

Willen, E. (1992) Long-term changes in the phytoplankton of large lakes in response to changes in nutrient loading. Nord. J. Bot., 12, 577-587.F (Freshwater)
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In Sweden the recovery process of the four largest lakes (> 500 km super(2)) has been followed since the mid-1970's when the phosphorus loading was reduced by approximately 50%. A ten-year investigation period before that acts as a basis of comparison. The response of the dominating species in the phytoplankton communities in the eutrophic Lake Maelaren and the oligotrophic Lake Vaettern is discussed also in relation to a pristine state of the lakes. The long-term investigations with monthly sampling make a natural phytoplankton biomass variation range possible to establish - a range that is mainly due to effects of weather fluctuations. In order to get a tool for water management where disturbing and highly disturbing total phytoplankton volumes can be anticipated from a certain phosphorus concentration, a model is suggested based on experiences from more than 50 Swedish lakes investigated during a series of years.

Willen, E., Hajdu, S. & Pejler, Y. (1990) Summer phytoplankton in 73 nutrient-poor Swedish lakes. Limnologica., 20, 217-227.F (Freshwater)
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A summer study of phytoplankton in 73 mainly oligotrophic lakes, distributed from latitude 56 to 68 degree N in Sweden, was performed in two steps, 1983 and 1986. The aim was to make an evaluation of objects for long-term monitoring. Lakes, species' biomasses and 9 environmental variables were tested by multivariate techniques using the TWINSPAN classification, a discriminant analysis and the CANOCO ordination. The ordination technique is considered superior in this context due to its integrated analysis of both chemical and biological variables. In this way, some evident groups of lake-types could be defined. The very acidified (median pH 4.5) clearwater lakes in western Sweden were especially discerned and the humic, acid (median pH 5.5) lakes containing Gonyostomum , situated south of limes norrlandicus - a climatic transition zone in Sweden.

Willen, T. (1972) The gradual destruction of Sweden's lakes. Ambio, 1, 6-14.F (Freshwater)

Lake Malaren and other large Swedish lakes have been the objects of a long-term investigation. Evidence of progressive deterioration is presented in this article. Various changes in concentrations of nitrogen and phosphorus, in the composition and quantity of phytoplankton, in maximum chlorophyll alpha values, in amounts of macrophyte vegetation and in bottom fauna have been recorded.

Willen, T. (1974) Water pollution and phytoplankton. MemSocFauna Flora Fenn, 50, 67-79.F (Freshwater)
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The concept of water pollution is examined, and systems for classifying lakes on trophic and pollutional status are discussed with special reference to the possibility of using phytoplankton as acriterion. Qualitative phytoplankton investigations have been employed to obtain indicator taxa for the different trophic classes, and various quotient systems have been based on the occurrence of certain spp. The results of quantitative analyses have been used in attempts to fix limiting values for the trophic classes. Algal growth potential tests are performed especially in studies of the recovery of polluted lakes. Results from long-term studies of the phytoplankton of the large Swedish lakes are given. In Lake Malaren condiderable variation occurred during the period 1965-1972, but there was a general tendency for the phytoplankton biomass to be high in the peripheral parts and low in the central basins. There are also obvious spatial differences in the occurrence of the main groups of cyanophytes, desmids and chrysophytes as well as of various other taxa. Blooms of the genera Synura and Oscillatoria are reported.

Willen, T. & Wingqvist, E.M. (1986) Swedish lakes investigated by H. Skuja concering phytoplankton. Sven. Bot. Tidskr., 80, 198-208.F (Freshwater)

species composition; phytoplankton ; plankton surveys; Sweden ; lakes ; physicochemical properties; community composition

After his arrival at Sweden in 1944 Heinrichs Skuja examined a very large number of phytoplankton samples from Swedish lakes and watercourses. In addition to his own collections he analysed material received from other scientists, especially from Dr. G. Lohammar and Prof. W. Rodhe. The results of most analyses were published by Skuja; some results, however, only exist as hand-written analysis notes. In this paper a list is given comprising lakes investigated, their coordinates, the topographical map-sheets, the possible existence of physico-chemical analyses, publications and, finally, some remarks. Information is also given about institutes in Uppsala where the original notes and data are kept.

Wojciechowska, W., Peczula, W. & Zykubek, A. (1998) Eutrophication and winter-period structure of phytoplankton in three deep lakes in the Leczna-Wlodawa Lakeland, eastern Poland. Polish Journal of Ecology [Pol J Ecol], 46, 89-99.
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Studies were done in winter 1996 in three ice-covered dimictic lakes of the Leczna-Wlodawa Lakeland, eastern Poland. They involved physico-chemical conditions (temperature, oxygen concentration, pH, conductivity and Secchi-disc transparency), as well as biological ones (abundance, chlorophyll a concentration and phytoplankton structure). The oxygenation of the near-bottom layers combined with the observed structure of the winter phytoplankton confirm the rate of eutrophication of these bodies of water which had already been observed in the summer.

Wojciechowski, I., Wojciechowska, W., Czernas, K., Galek, J. & Religa, K. (1988) Changes in phytoplankton over a ten-year period in a lake undergoing de-eutrophication due to surrounding peat bogs. Arch. Hydrobiol. Suppl.. 78, 373-387.F (Freshwater)
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During summer seasons the composition and biomass of phytoplankton, percent of nannoplankton, concentration of chlorophyll-a, primary production and water visibility of a polymictic, pond-like lake in mid-eastern Poland were examined. The changes of the investigated parameters have shown that the lake lost an excessive degree of its fertility, which was caused by stopping major inflow by surrounding ditches not only into the lake itself, but also into the adjacent peat bogs; peat bogs have assumed an ombrophilous character and supply the lake more abundantly with humic substances.

Wu, Y., Li, Y., Wu, M., Wang, F. & Xia, S. (1991) Study on relativity between phytoplankton succession and eutrophication of the East Lake in Wuhan. China Environ. Sci. Zhongguo Huanjing Kexue., 11, 23-28.F (Freshwater)
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Based on field investigation and laboratory work from March to June in 1986 and 1987, the seasonal change and relativity of phytoplankton succession East Lake in Wuhan and several ecological factors are studied in the paper. It is believed that the succession of phytoplankton in the East Lake is in a stable stage. The existence and migration of phosphorus is important for further study. Generally speaking, the development of eutrophication is in a transition period after a course of dramatic development. Some comments on the treatment of eutrophication of the East Lake are made.
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A relationship between the trophic structure of benthic communities in the water bodies of the northeastern part of Fennoscandia and the type of human impact is discussed. The structures that have formed under the conditions of contamination and acidification, as well as under eutrophication and thermal pollution, are demonstrated to have a certain similarity. It is found that, under the conditions of contamination and acidification, it is the toxicity of the environment that controls the trophic structure and the increase in the proportion of predators in the communities, whereas under the conditions of eutrophication and thermal pollution, the proportion of predators declines and that of the epifaunal and infaunal deposit feeders, as well as (in littoral communities) crushers and filter feeders, increases. The use of the relative biomass of predators as an indicator of the type of human impact, water quality index, and ecological indicator for aquatic ecosystems is discussed.
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Characeae are considered to be bioindicators of freshwater quality. They occur in oligotrophic to mesotrophic waters, not, however, in eutrophic waters. Until the 70s, they formed extensive meadows in the bodden waters of Mecklenburg-Vorpommern, down to a depth of 2 meters. In the following years the abundance of this group of algae decreased markedly. Today, only 10 % of all characeae species in Germany are not endangered, while the rest are either endangered or near extinction, or have already disappeared. Increasing eutrophication leads to increased phytoplankton growth, which in turn causes a deterioration of underwater light conditions and changes in the spectral composition of light. Characeae occur only in very shallow areas of such eutrophic waters. In the bodden waters of Mecklenburg-Vorpommern which have been investigated, only 4 characeae species were found. These species occur at different depths, i.e. they need different light conditions. The light conditions required by these characeae species are discussed in this paper and, on that basis, their possible indicator function for the bodden waters is investigated.

Zurlini, G. (1996) Multiparametric classification of trophic conditions. The OECD methodology extended: combined probabilities and uncertainties -- application to the North Adriatic sea. The Science of The Total Environment, 182, 169-185.
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A new approach to trophic classification of water bodies, based on combining the exact probabilities from the OECD (Organization for Economic Cooperation and Development) lognormal frequency distributions of chlorophyll, nitrogen, and phosphorus concentrations and Secchi depths, is presneted, using a sample data set from monitoring activities carried out in the North Adriatic Sea in the summer of 1992. This probabilistic approach is shown to be effective in solving uncertain or even contradictory classifications which may often arise from membership probabilities, based on single sample variables, as in the present OECD system. Such an extension to multiparametric sample space is open to possible modifications of trophic variables, and allows comparisons among samples with inhomogeneous or even unmatching types of measurements. Classification uncertainties, caused by the uncoupling of trophic variables, are shown to be related to environmental disturbances given by discharges, inflows and turbulent diffusion. Their role in trophic classification procedures, and environmental importance and meaning is stressed in relation to the applicability of the extended OECD methodology to non-steady state systems.
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