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DISTRIBUTION AND TYPOLOGY OF LARGE LAKES IN EUROPE: AN ANALYSIS BASED ON THE WISE DATASETS
Oral


WISE, the Water Information System for Europe, is under development at the Joint Research Centre of the European Commission and should be fully implemented by 2010. At the moment the system is used as a prototype, to collect information from the EU Member States as well as Norway and Switzerland based on the Water Framework Directive reporting requirements. As a geographical reference WISE uses the Catchments and River database generated in the CCM project (Catchment Characterization and Modelling), and the data submitted to the European Commission containing lake and main rivers geometries. From these data one can measure lake areas and –perimeters. The geometry of the lakes allows intersection with climate databases. We used a dataset generated for the MARS project (Monitoring Agriculture with Remote Sensing) based upon a 50 km grid size. Using this intersection a set of climate characterizations for each lake could be appended. We complemented the large lakes (>100 km2) in the WISE lake database with additional morphometric (mean and maximum depth) and water chemistry data and analyzed those together with the data on the geographic location, climatic and catchment parameters of lakes. Based on the analysis, a typology of European large lakes is proposed.
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TRENDS OF AIR AND WATER TEMPERATURE IN ESTONIA AND IN LARGE LAKES PEIPSI AND VOTSJARV, POSSIBLE CONSEQUENCES ON WATER QUALITY.
Oral

In Estonia the yearly average air temperature (AT) had increasing trend (p<0.01) in 1961-2004 being most significant (p<0.01) in spring (March- May) and in winter (December- February), less significant (p<0.05) in summer (June- August) and non-significant in autumn (September- November). A step jump up of yearly, summer and winter AT occurred in 1987 (p<0.01, p<0.05 and p<0.05, respectively). In spring AT step jump up (p<0.01) occurred already in 1981. No significant step jump up was detected in autumn AT. In large shallow temperate Lake Vortsjarv (270 km2, mean depth 2.8 m) yearly average surface water temperature (WT) had a significant  increasing trend (p<0.01). The trend was most significant (p<0.01) in summer WT, less significant (p<0.05) in spring WT and non-significant in winter and autumn WT. A step jump up of yearly and summer WT occurred in 1987 (p<0.01 and p<0.1, respectively). In spring WT a step jump up (p<0.05) occurred in 1988. No significant step jump up was detected in winter and autumn WT. WT trends in the large shallow Lake Peipsi (3555 km2, mean depth 7.1m) will be presented and possible consequences on water quality will be discussed on the background of global change and altered catchment management practices.
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PHYTOPLANKTON RESPONSE TO NUTRIENT CONTROL: LONG TERM CHANGES IN PRIMARY PRODUCTION AND CHLOROPHYLL A IN LAKE GENEVA FOLLOWING PHOSPHORUS REDUCTION
Oral

Lake Geneva is one of the largest lake in the Western Europe. It has undergone eutrophication in the early 60’s in relation with the increase of the human activity. Management strategies, especially phosphorus (P) reduction, in order to improve the water quality in this lake began in the early 70’s. As a consequence, the total P concentration has decreased from a maximum of 90 µgP/L in the late 70’s to about 30 µgP/L in 2005. This study, examined the long term (1972 -2005) response of phytoplankton to this P reduction. In contrast to what has been observed in most large lakes, phytoplankton primary production (PP) and Chlorophyll a (Chl a) in lake Geneva exhibited an increasing trend, which, likely, is the cause of the loss of the transparency of waters in this lake. The factors controlling PP seem to be the dissolved phosphorus concentration (which fluctuated, on the annual basis, in synchrony with PP starting in the 90’s), the water temperature and the global radiation (which both have increased). The results suggest that climate may cause phytoplankton to show unexpected response to nutrient reduction, especially when the involved nutrient is still above limiting concentration.
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ZOOPLANKTON COMMUNITY STRUCTURE AND PRODUCTION IN LAKE KIVU (EAST AFRICA)  Oral

In a 3-year study of zooplankton in Lake Kivu, we assessed the status of the mesozooplankton community, several decades after the introduction of Limnothrissa miodon, a planktivorous sardine. Present Lake Kivu mesozooplankton is diversity poor and dominated by cyclopoid copepods (Thermocyclops consimilis, Mesocyclops aequatorialis and Tropocyclops confinis) in spite of cladodocerans and rotifers presence. Total crustacean biomass increased to a distinct seasonal maximum following a rise of phytoplankton production associated with a deep epilimnetic mixing in the dry season. This suggests that mesozooplankton dynamics in Lake Kivu is mainly bottom-up controlled, contrary to expectations from the food web structure. However, measurements of body size indicate that the sardine predation affects the cladoceran Diaphanosoma excisum, while copepods efficiently escape predation by diel vertical migration depending on their feeding habits, life stages and body size at the adult stage. |The mean annual total copepod production was 8.3 g C m-2 y-1, about three times as low as found in lakes Malawi and Tanganyika. |The ratio between phytoplankton primary production and zooplankton secondary production was of about 1.6 %. This suggests a relatively very low exploitation of phytoplankton production which can be attributed to the disappearance of the key grazer, Daphnia curvirostris, following the planktivorous fish introduction. Thus, the introduction of the sardine may have caused changes in the biogeochemical of the lake.|
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PREVENTING SHIP-MEDIATED AQUATIC INVASIVE SPECIES IN THE LAURENTIAN GREAT LAKES
Oral

Aquatic invasive species (AIS) are being introduced to the large lakes of the world at an alarming rate, often resulting in large ecological and economic consequences. Recent introductions in the Laurentian Great Lakes have been attributed primarily to activities associated with transoceanic shipping (ballast water, sediments and hull fouling). Despite introduction of ballast water exchange regulations in 1989, the rate of discovery of AIS has not declined. Multi-port operations of vessels declaring `no ballast on board` (NOBOB), originally exempt from ballast water exchange, have been cited as a possible mechanism for the continued establishment of AIS. We conducted a study to determine if management practices recently introduced for NOBOB vessels have decreased the vector strength of NOBOB vessels. Residual water salinity was tested from over 2400 ballast tanks during 300 transoceanic vessel transits to the Great Lakes during the 2005 and 2006 shipping seasons. A small-scale biological sampling program was also undertaken to verify that the risk of introduction of freshwater AIS has been reduced as compared to pre-regulatory samples. While preliminary results indicate that compliance is high, and the current risk posed by vessels in compliance is low, we make recommendations for improvement in the management of transoceanic vessels.
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RESEARCH-BASED DECISION FRAMEWORK FOR THE FUTURE MANAGEMENT OF A LARGE OLIGOTROPHIC LAKE IN A RAPIDLY DEVELOPING CATCHMENT: LAKE TAUPO, NEW ZEALAND  Oral

Monomictic, oligotrophic Lake Taupo is New Zealand`s largest lake (area-622 km2; mean depth-100m, residence time-11 yr). The lake is valued for its scenic, cultural and recreational values and for hydropower. Of significance is the ownership of the lake bed by the first nation Maori tribe Ngati Tuwharetoa whose cultural and spiritual values demand maintenance of high quality lake water.  Land-use intensification, especially dairy farming, in the catchment has been identified as a threat to water quality. There is a considerable groundwater component in the catchment with long (> 35 yr) groundwater residence times resulting in a legacy of enriched groundwater from farming activities over the last 30 years that will enter the lake in the next few decades. This `load still to come` has been estimated and results will be presented that describe the catchment and lake modeling work that has identified effects on chlorophyll and water clarity under various development scenarios. Based on this research, a management regime has been established to achieve a 20% reduction in nitrogen entering the lake from managed rural and urban sources over the next 15 years supported by an $81M fund to meet the target reduction in nitrogen load.
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MODELING THE CLARITY RESPONSE OF LAKE TAHOE TO REDUCTIONS OF WATERSHED AND ATMOSPHERIC PARTICLE LOADS
Oral

Water quality modeling has been widely used to predict the response of lakes to changes in external loads, particularly in response to legislative mandates such as the US Clean Water Act. These models have typically dealt with nutrient loads, and the response of the receiving water in terms of changes of biomass and dissolved oxygen. Lake Tahoe represents a unique and therefore important departure. Lake Tahoe is mandated to meet an aesthetic standard, specifically the water clarity as measured by the annual average Secchi depth. To better understand the impacts of load reductions on lake clarity, a water quality model that includes both ecological processes (such as algal growth, nutrient uptake, zooplankton grazing) and optical processes (light scattering and absorption by organic, inorganic and dissolved components) has been developed and applied to Lake Tahoe. The results show that light scattering by inorganic particles is the dominant process in the diminution of lake transparency, and that modest reductions in annual loading, each year, over several decades could restore the lake to its former condition.










1097
Moore
Marianne

Wellesley College
mmoore@wellesley.edu

SYNERGISTIC EFFECTS OF CLIMATE CHANGE AND ANTHROPOGENIC STRESSORS ON LAKE BAIKAL, SIBERIA   Oral

Lakes at subarctic latitudes are responding strongly to contemporary climate change, but little is known about synergisms with additional anthropogenic stressors.  In the Lake Baikal region during the last 60-137 years, annual air temperatures increased 1.2 degrees C, annual water inflow increased 300 cubic meters/s, the ice-free season lengthened 16.1 days, and surface water temperatures in the southern basin increased 1.21 degrees C with most of the warming occurring in summer months. Climate change projections for the Baikal region in 2050 include an additional increase in annual air temperature of 2-3 degrees C and an increase in precipitation with greatest increases occurring in autumn and winter.  Such changes could exacerbate biomagnification of POPs in the lakes food web and promote population growth of existing invasive species while aiding the colonization of new invasives. Greater precipitation and warmer surface waters could enhance eutrophication of nearshore waters near river inflows in summer and fall via elevated inputs of nutrients from the watershed and increased stratification from warm river water inflow.  Finally, projections of permafrost melting, particularly for regions surrounding the southern basin, could promote indirectly the loading of additional pollutants to the lake.  Impacts of these synergistic effects upon endemic species are likely but difficult to predict.
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MANAGING THE FISHERY RESOURCES OF THE LAURENTIAN GREAT LAKES
Oral
The Laurentian Great Lakes contain nearly 20% of the world’s freshwater, straddle the international boundary between Canada and the U.S.A., and provide significant socio-economic benefit to the people’s living along their shores. The fishery resources of the lakes support subsistence, recreational, and commercial harvests that are presently valued in excess of $4 billion annually. Multi-agency cooperative management is facilitated by the Great Lakes Fishery Commission through public presentations and sharing of information annually.  Our presentation will summarise findings reported at the most recent series of Lake Committee meetings, providing, where possible, comparison of status and trends in major stocks and fisheries amongst the lakes.  Results will summarise current management actions to mitigate the effects of invasive species, toxic chemicals, eutrophication, and exploitation on the sustainable production of the fishery resources.
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LOADING OF FINE INORGANIC PARTICLES TO LAKE TAHOE FROM WATERSHED AND ATMOSPHERIC SOURCES
 Oral

An inverse relationship exists between Secchi depth and particles in oligotrophic Lake Tahoe. While earlier investigations focused on phytoplankton as the primary form of these particles, fine inorganic soil particles from watershed and atmospheric sources also affect lake clarity. It was found that both biological and inorganic matter contribute to clarity attenuation. Because of the high scattering cross-section of inorganic particles, the fraction  <15 µm (diameter) largely determine Secchi depth. In support of the Lake Tahoe TMDL Program, which is guiding water quality restoration efforts, basin-wide loads of fine inorganic particles were estimated from stream flow, stream channel erosion, overland runoff directly to the lake, shoreline erosion and atmospheric deposition. Size classes included 0.5-1 µm, 1-2 µm, 2-4 µm, 4-8 µm and 8-16 µm. Total load from all sources was  1.2 x 10^20 particles/year with a logarithmic decline in numbers with increasing size. All watershed source combined contributed 64% of the total inorganic particle load with 13% specifically from stream channel erosion. Wet and dry atmospheric deposition accounted for 35% and shoreline erosion was minimal source at 1%.
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DAY-TO-DAY VARIATION OF PELAGIC PHYTO- AND ZOOPLANKTON IN A LARGE LAKE, FINLAND
Oral 

In this study, we have used a combination of short-interval sampling and spatial data analysis to quantify the factors influencing the distribution patterns of pelagic phyto- and zooplankton in Lake Pyhäselkä, a moderately large (263 km2) mesotrophic and humic lake in eastern Finland. The general goal of this work was to improve our understanding of pelagic plankton interactions and dynamics in large lakes. Our study reveals and verifies the short-interval day-to-day temporal and spatial distribution patterns of pelagic phyto- and zooplankton and evaluates the influence of abiotic (water temperature, water currents, nutrients) factors on the distribution. We can conclude from our results that phytoplankton and zooplankton exhibit temporally and spatially heterogeneous distributions which may be related to the hydrodynamic properties of the water body and to the water quality parameters; the distribution pattern of phytoplankton and zooplankton in nearby deep stations was different; water temperature and water currents were one of the main factors related to plankton distribution in the deep stations; and the validity of a comparative inter-lake approach and long term monitoring of one lake would greatly depend on the question when, where and which depth the samples have been taken. |
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DECREASED LIGHT INTENSITY AND FEEDING EFFICIENCY IN MOLLUSC SHELLING CICHLIDS
Oral

Siltation and eutrophication are common problems in water bodies, causing among other things decreased light intensities. It has been shown that changed light conditions have an impact on mate choice in haplochromine cichlid fish from Lake Victoria. Here we report another effect; namely feeding efficiency of oral shelling molluscivores. More than 23 species of mollusc shellers are known from Lake Victoria. They seem to have declined during the past decades, having been common in shallow sandy habitats. Oral shellers feed by grasping the extended foot of the snail, subsequently shaking the prey fiercely until the soft parts are removed from the shell. In the laboratory we investigated feeding of two oral shelling species under different light conditions. The efficiency of shelling decreased significantly with decreasing light intensity. As controls the fish were fed molluscs that had been removed from their shell, and small molluscs that could be swallowed without shelling. In both cases there was no significant effect of light intensity on feeding. These results show that increased turbidity in Lake Victoria may have had a negative impact on oral shelling, and thus on the abundance and diversity of this haplochromine trophic group.        
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GREAT  EUROPEAN LAKES: EFFECT OF GLOBAL CHANGES ON ECOSYSTEM DYNAMICS
Oral

The European Great Lakes - Ladoga and Onego - attract attention researchers and users. The European Great Lakes are important due to their use for drinking water, recreation, transportation, energy, etc. They are recipient of industrial (pulp and paper) and municipal wastes. The proper management of the catchment areas will necessitate scientifically based recommendations.  During the 1970s-1980s, these lakes were adversely affected by human activities.  Temporal and spatial dynamics of changes lake changes were thoroughly studied which have been summarized in a number of monographs. The data suggests that although the stress decreased during the past 15 years, however there has been increasing evidence of global warming.  Thermo-hydrodynamic and ecosystem models have been developed to study the contemporary changes to enable the understanding of the main mechanisms of the ecosystem transformation and predictions for the future. The present state of socio-economic development in the basin and its effect on the water quality has been considered.  Recommendations for the sustainable development of the region have been formulated.
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THE LARGE LAKES AND DELTAS OF THE MACKENZIE RIVER BASIN: THEIR ECOLOGY AND THREATS TO THEIR WELL BEING
Oral

Lakes Athabasca, Great Slave, and Great Bear are the three large lakes in the Mackenzie River Basin.  This presentation provides an overview of their limnology and the factors threatening their ecological integrity.  Most of the ecological risk to Lake Athabasca comes from development along the Peace and Athabasca rivers, particularly from oil sands operations along the Athabasca River and reduced water flow to the Peace and Athabasca deltas.  Great Slave Lake receives most of its water from the Slave River, formed by the confluence of the Peace and Athabasca rivers; its major ecological issues are contaminant and nutrient inputs from the Slave River, reductions in water flow, and managing sports and commercial fisheries.  Great Bear Lake, the most northerly lake, receives its water from a small, undeveloped watershed.   The main concerns for this lake are protecting its ecological integrity from development, including secondary effects from Mackenzie Gas Pipeline development activities, increased fishing pressures, and climatic warming.  Global warming is a growing issue of concern for many reasons including increased mercury levels in fish, shifts in fish species distributions, and changes in water flow.  While these lakes are minimally impacted by anthropogenic activities, this may change with increasing development.
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FISHERIES MANAGEMENT ON AFRICAN GREAT LAKES; A COMPARISON OF LAKES VICTORIA AND TANGANYIKA
Oral

Fisheries resources on Lakes Victoria and Tanganyika are under heavy exploitation for a considerable period. Many stakeholder representatives have been consulted on how to solve the problems on the lakes. Many Conferences have been held, numerous projects implemented and international fisheries management organizations (FMOs) established. These FMOs attracted ample funding from development banks and funds, UN organizations, riparian governments and NGOs. A historic overview is presented of numerous interventions and management measures as well as their expected results. A preliminary analysis for each lake is presented as well as a comparison of the fisheries potentials, biological diversities, socio-economic conditions, environmental threats and possible solutions to improve management and governance of the lakes ecosystems, economic growth and health infrastructure. The risks of a continued expansion of the fisheries effort are also discussed.
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THE BAY OF QUINTE: A MODEL FOR LARGE LAKE ECOSYSTEM MANAGEMENT
Oral

The Bay of Quinte is a large embayment (254 km2) of Lake Ontario which has experienced many of the same stressors affecting other portions of the Great Lakes basin, and can serve as a model for the management of large aquatic ecosystems. Since 1972, the Bay of Quinte has been the focus of a holistic ecosystem research and monitoring program aimed at better understanding how ecosystems respond to both natural and human-induced perturbations. The Bay of Quinte has been subject to cultural eutrophication, nutrient control, fisheries exploitation, habitat modification, and repeated impacts from invasive species. Research has taken an integrated, multi-trophic and multi-disciplinary approach from fish habitat and water quality through food web dynamics (microbial loop, phytoplankton, zooplankton, benthic invertebrates, and fish). Nutrient, population and ecosystem modelling have been used to integrate research across trophic levels and provide advice for management. The Bay of Quinte can serve as an example of the benefits of taking an ecosystem approach to research in support of management.
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COMPOUND EFFECTS OF EUTROPHICATION, STRATIFICATION AND HYPOLIMNETIC HYPOXIA ON ZOOBENTHOS IN LAKE WINNIPEG. Oral

Lake Winnipeg has experienced accelerated nutrient loading over the last 30 years resulting in significant changes in the zoobenthic community (e,g, increased abundance of oligochaetes and chironomids, decline in molluscs) at all depths in the lake. Typically considered a cold monomictic lake, well-mixed throughout its entire volume during the open water season, during midsummer of 2003, a deep thermocline at 13 -15 m was observed, separating a well-mixed oxygenated epilimnion from a cooler, hypoxic hypolimnion. Composition and abundance of major zoobenthic taxa at sampling stations within the 15 m isobath in August 2003 were compared with August 2002 and 2004 when there was no evidence of stratification of the lake.The observed depletion of zoobenthos may have long-term detrimental effects on components of the food web, especially lake whitefish. Depending on frequency of occurrence and duration of stratification in the north basin, ecosystem processes such as bioturbation of sediments, sedimentation of organic matter, and nutrient fluxes from sediments will also be negatively affected, with substantial impacts on the overall health of Lake Winnipeg.
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THE RESPONSE OF LAKE WINNIPEG TO THE CUMULATIVE IMPACTS OF LAKE REGULATION, NUTRIENT ENRICHMENT, EXOTIC SPECIES AND CLIMATE CHANGE.
Oral

In 2006, satellite imagery, in-situ surveys and local media identified the worst accumulations of cyanobacteria ever encountered on Lake Winnipeg or along its public beaches. After two decades of increasingly prolific algal blooms, the world’s 10th largest lake is now it’s most eutrophic freshwater system.  Recent lake-wide monitoring by the Lake Winnipeg Research Consortium, Inc. has detected high concentrations of total phosphorus in water and sediments, increased net plankton, reduced algal biodiversity, and declining oxygen levels. Structural changes within cyclopoid, calanoid and cladoceran crustacean communities indicate deteriorating food and environmental quality, increasing temperatures, and possible exotic species impacts. Sustainability of North America’s largest commercial walleye fishery may be in peril if current ecosystem trends are not reversed by application of appropriate science-based nutrient control and water management strategies.
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EFFECTIVE SOURCE PROTECTION FOR DRINKING WATER INTAKES ON LAKE ONTARIO, CANADA
Oral

Lake Ontario is major ecological and socioeconomic resource which provides drinking water to >10m North Americans, and sustains large fishing, shipping, industrial, domestic, agricultural and recreational uses. Eutrophication, remediation and basin development have imposed numerous ecological stressors which threaten the Lake and its integrity. These, superimposed on the size and multidimensional complexity of the basin and climate produce considerable spatial and temporal variability in the quality and safety of water arriving at treatment plant intakes. Water utilities have been largely reactive and reliant on treatment. Recently, however, Canadian provinces have legislated a more sustainable ‘source to tap’ approach, based on source-water characterization and stewardship and involvement of public, scientific, legislative and drinking water sectors. This paper describes the Collaborative Study to Protect Lake Ontario Drinking Water, a unique and significant source-water protection partnership of municipalities, conservation authorities, and federal/provincial/university scientists which evolved from a highly effective cooperative model now addressing drinking water taste-odour. The Collaborative is developing a strategic approach to protect Lake Ontario drinking water by identifying and mapping vulnerable drinking water intake zones, assessing basin and in-lake threats, developing and implementing effective remedial and management plans and measuring the effectiveness of this approach though continuous monitoring & reporting.
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GREAT LAKES TO GREAT LAKES: NORTH AMERICA AND AFRICA, WORKING TOGETHER TO BETTER MANAGE OUR MOST PRECIOUS FRESHWATER ECOSYSTEMS
Oral

Created by treaty in 1909, the International Joint Commission of the U.S. and Canada (IJC) has two key responsibilities: permitting and managing dams that affect levels and flows on the other side and providing advice to the governments on key issues such as the control of phosphorus.  The countries surrounding the African Great Lakes have more recently begun to work together to jointly manage their shared resources despite the challenge of poverty and lack of economic growth needed to support programs vital to successful resource management.  This paper will describe a twinning initiative, bringing together the IJC and the nascent Lake Victoria Basin Commission, along with the Great Lakes Fishery Commission and the Lake Victoria Fishery Organization, drawing on the experience of the older North American organizations to build the capacity of more recently formed African regional organizations.  All parties will benefit by working together to meet common challenges such as nonpoint source pollution and other land use impacts on water quality and ecosystem health.  Key objectives of the initiative include:  identifying key institutional structures for effective governance; sharing approaches to conflict resolution; seeking opportunities for better stakeholder participation and community management; discussing approaches to setting water quality goals; and developing methodologies for managing lake water levels to benefit multiple stakeholders.
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CHANGES IN LAKE VICTORIA NILE PERCH FISHERY: A NEED FOR A PARADIGM SHIFT?
 Oral

Lake Victoria is shared by Kenya (6%), Uganda (43%) and Tanzania (51%). Population characteristics of Lates niloticus collected during bottom trawl surveys of 1998-2000 and 2004-2006 were compared. Data was analysed using FAO-ICLARM stock assessment tool (FISAT). Commercial catches since 1973, frame survey results for 2000, 2002, 2004 and 2006 were analysed for each country. Water quality parameters were reviewed over the years. There are differences in population parameters between the territorial waters indicative of high exploitation. Commercial landings indicated decline in catches. Physicochemical parameters have deteriorated. The changes observed in L. niloticus fishery are attributed to increased exploitation and environmental degradation, and with the current management structures sustainability of the fishery is questionable. Management of the fishery is done by each riparian country with little consultations. Each country formulates policies with minimal input from their neighbours. To sustain the fishery there need of paradigm shift where the lake is treated as one ecosystem. Sense of ownership need to be reviewed, enactment of new fishery policies should provide for a harmonised and holist approach. There is also need to lay more emphasis on curbing water quality deterioration which is affecting the entire lake fishery.
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PAST CHANGES IN THE GREAT LAKES OF NORTH AMERICA: CONTEXT FOR A BETTER UNDERSTANDING OF THEIR FUTURE?
Oral

The history of the Great Lakes since their formation during the last deglaciation is, as yet, a largely unused dimension of knowledge that provides many examples of changing climate, hydrology and limnology. As scientists face the challenge of developing scenarios for Great Lakes hydrology and ecology under the influence of future climates, which may differ from present, their projections are necessarily based on knowledge of the current lakes as understood through observations and measurements of the last decade to century. Projections of future conditions that lie outside the range of observed variability are subject to uncertainty. Evaluation of past events could provide a context for understanding change in the lakes, and potentially for validating numerical models to increase confidence in the results of future scenarios. Here, selected events from the geological history of the Great Lakes will be presented. These include long term lake–level records emerging from beach ridge studies, sedimentary black bands as a proxy of anoxic events, an episode of hydrologic closure to illustrate sensitivity of lake levels to climate change, and teleconnection of the lakes with Pacific El Nino oscillations.
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EUTROPHICATION THREATENS THE SIZE STRUCTURE OF NILE PERCH STOCKS IN LAKE VICTORIA
Oral

Lake Victoria`s foodweb is driven by top-down and bottom-up processes, the main components of which are the (selective) fisheries on Nile perch and eutrophication. The rapid increase in fishing pressure over the past decades and the demands of the export industry has instigated a strong emphasis on mesh regulations limiting the allowable size of Nile perch in the catch between 50 to 85cm. Nile perch becomes piscivorous at >60cm and the resurgence of haplochromines over the past decade has been attributed to the selective fishery. However, continued eutrophication increasingly leads to higher organic sedimentation to the hypolimnion. This significantly increased the seasonal area and volume of hypoxic and anoxic water layers below 20m depth. Large Nile perch is highly sensitive to reduced oxygen levels. We present evidence that between 1985 and 2006 in deep waters (>30m), with no or low fishing pressure, a highly significant decrease in average length of Nile perch >40cm took place. In contrast the average length of large Nile perch has significantly increased or remained stable in the heavily fished waters between 0 and 30m depth.  We argue that eutrophication is a greater threat to the stability of the Nile perch stock size-structure than fishing.
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ARE THE LAURENTIAN GREAT LAKES RESILIENT ENOUGH TO COPE WITH MULTIPLE STRESSORS?
Oral

The Laurentian Great Lakes form one of the largest freshwater ecosystems in the world.  They range in size from 19000 to 82000 km2 and contain 20% of world freshwater reserves.  The Great Lakes have consistently suffered from various anthropogenic stressors such as eutrophication, contamination, exotic species and over fishing.  These lakes are now a unique collection of ultra-oligotrophic to meso-trophic ecosystems.  Total phosphorus concentrations have declined in all the Great Lakes since the 1970s as a result of P abatement.  In Lake Superior, mean summer TP declined from 4 ug/l (1973) to 2.5 ug/l  (2001).  Primary productivity also declined from 2.0 to 1.2 mg C/m3/h in the same period in Lake Superior.  Lake Ontario summer mean TP declined from 24 ug/l (1970) to 7.3 ug/l (2003).  Lake Ontario primary productivity declined from 8.0 to 5.4 mg C/m3/h.  Important native fish populations in Lakes Superior and Ontario, including Lake Trout, have been lost and replaced with stocked or exotic species.  This paper will discuss how changes in the lower trophic levels have reverberated upwards through the food web and provide insights into large lakes management.
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CAN AREAS OF CONCERN SERVE AS A MODEL FOR LARGE LAKES MANAGEMENT?  HAMILTON HARBOUR AND BAY OF QUINTE (LAKE ONTARIO) CASE STUDIES
Oral

Large lakes pose challenges for managers in that they can appear healthy while nearshore areas suffer degradation.  Lake Ontario, for example, covers over 19000 km2 and has experienced dramatic improvements in its trophic status recently due to a phosphorus abatement strategy.  However, Lake Ontario contains 7 Areas of Concern (AOCs) which have been designated as unhealthy due to the impairment of beneficial uses.  This paper will examine two of these AOCs: Bay of Quinte and Hamilton Harbour, which have been intensely investigated by Fisheries & Oceans Canada.  An attempt will be made to explore the structure and function of microbial and planktonic communities in these stressed ecosystems and to compare these with the main Lake Ontario.  Various criteria for determining beneficial use impairment indicators will be evaluated towards improving the health of these perturbed environments.
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LAKE VICTORIA NILE PERCH FISHERY: A NEED FOR A PARADIGM SHIFT? Oral

Lake Victoria is shared by Kenya (6%), Uganda (43%) and Tanzania (51%). Population characteristics of Lates niloticus collected during bottom trawl surveys of 1998-2000 and 2004-2006 were compared. Data was analysed using FAO-ICLARM stock assessment tool (FISAT). Commercial catches since 1973, frame survey results for 2000, 2002, 2004 and 2006 were analysed for each country. Water quality parameters were reviewed over the years. There are differences in population parameters between the territorial waters indicative of high exploitation. Commercial landings indicated decline in catches. Physicochemical parameters have deteriorated.  The changes observed in L. niloticus fishery are attributed to increased exploitation and environmental degradation, and with the current management structures sustainability of the fishery is questionable. Management of the fishery is done by each riparian country with little consultations. Each country formulates policies with minimal input from their neighbours. To sustain the fishery there need of paradigm shift where the lake is treated as one ecosystem. Sense of ownership need to be reviewed, enactment of new fishery policies should provide for a harmonised and holist approach. There is also need to lay more emphasis on curbing water quality deterioration which is affecting the entire lake fishery.||
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PHOSPHORUS UPTAKE PARTITIONING BETWEEN BACTERIOPLANKTON AND PHYTOPLANKTON: NORTH AMERICAN GREAT LAKES EXAMPLE
Oral

The uptake and partitioning of P between bacterioplankton and phytoplankton was examined across a wide range of habitats that differed in trophic status in Lakes Superior, Huron, and Erie during the summer season.  Trophic status of the communities, measured both from chlorophyll quantity per L and by primary productivity under standard conditions, ranged from hyper-oligotrophic to hyper-eutrophic.  The P-quota (amount of P per cell) of phytoplankton generally far exceeded the P-quota of bacterioplankton.  P-quota of bacterioplankton was greatest in the most oligotrophic communities.  The uptake of phosphate (measured radiometrically using 32-P or 33-P) by bacterioplankton varied widely.  In the most oligotrophic communities greater than 90 percent of the available phosphate assimilated was taken up by bacterioplankton.  In contrast, the bulk of available P was assimilated by phytoplankton in the most eutrophic communities.   The partitioning of P to bacterioplankton under conditions of low primary productivity indicated that bacterioplankton affinity for phosphate may control the partitioning of P to phytoplankton, potentially exerting a control on phytoplankton production. These data may be useful in serving as indicators of ecosystem stress and recovery.
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THE GREAT LAKES GORDIAN KNOT: GOVERNANCE FOR AQUATIC ECOSYSTEM HEALTH, INTEGRITY AND RISK MANAGEMENT
Oral

The Parties to the Boundary Waters Treaty of 1909 hold equal and similar usufructuary rights to the waters of the Great Lakes system; and therefore share management responsibilities for aquatic ecosystem health, integrity and risk in accordance with the 1987 Protocol to the Great Lakes Water Quality Agreement. Canada and the United States must act now to formalise a framework for Agreement accountability, grounded in a public Statement of ethical principles and practices. The Boundary Waters regime is supported by large storage capacities and restricted outflows. The Lakes are presently exhibiting symptoms of disturbance that preclude a complete understanding of resilience. Concomitant loss of ecological goods, services and management options are encouraging a Basin-wide evaluation of ecosystem integrity and socio-economic values. If ecosystem integrity is the ability to self-organise structurally when confronted with multiple stressors, then future Great Lakes ecology is uncertain due to the potential tipping point to a less valued, weakly-integrated state for which the Precautionary Principle is recommended. Managing multiple stressors requires flexible goals, stakeholder intervention guidelines and appropriate uses of remaining lower quality resources so to avoid catastrophes and irreversible negative effects. Unequivocal accountability for Agreement implementation may sever this Great Lakes Gordian Knot of governance.
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CHASING ECOLOGICAL CHANGE IN LARGE LAKE ECOSYSTEMS: THE LAKE ONTARIO STORY
Oral

Lake Ontario is the 17th largest lake in the world and provides a wide range of socio-economic services to over eleven million people in both Canada and the United States.  In the 1970s, the implementation of two binational programs was successful at reversing eutrophication through reducing phosphorus loads and at restoring several native fish by controlling sea lamprey.  Scientists continue to chase ecological change in the Lake Ontario ecosystem, and stressors associated with invasive species, watershed land use, and global climate change continue to challenge our understanding of the system.  Current concerns include water quality degradation in coastal areas, the increasing occurrence of toxic algal blooms and viral outbreaks, the loss of the native benthic amphipod Diporeia, and exotic predatory zooplankton competing with forage fish for food.  We review how new technologies, modeling, stakeholder involvement, and long-term ecological studies have been incorporated toward a comprehensive management and monitoring plan for Lake Ontario.  This plan includes an evaluation of the sensitivity of the lake ecosystem to multiple uses and services that will guide future management decisions.
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RISK ASSESSMENT OF THREATS TO LARGE LAKE ECOSYSTEMS AROUND THE WORLD.
Oral

Risks to the productivity, diversity and use of aquatic resources in large lake ecosystems around the world were assessed using data from a web-based survey (http://www.surveymonkey.com/home.asp). On a lake-by-lake basis, survey respondents were asked to identify key threats affecting the lake ecosystems, including fishing exploitation,eutrophication, invasive species, water pollution, habitat degradation and other factors. The respondents were then asked to rank the top three threats, and to indicate the likelihood and magnitude of impact, and the time frame that applied to each stress factor. The results were used to address three general hypotheses: 1) risks to aquatic resources in large lakes are region and lake-size dependent; 2) changes to lower trophic levels have a greater magnitude of impact to the ecosystem than changes to high trophic levels; and 3) stress factors have increased over time. Risk assessment based on expert opinion from different countries was instructive and can be used as a useful resource tool for the management of large lake ecosystems.
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THREATS TO SPECIES AT RISK IN LARGE LAKES: A GREAT LAKES PERSPECTIVE
Oral

The Great Lakes are home to one of the greatest concentrations of freshwater biodiversity in North America with nearly 200 established mussel and fish species. They also have the greatest number of mussel and fish species at risk in Canada.  The top three threats impacting species at risk in the Great Lakes are aquatic invasive species, overexploitation and habitat alteration.  Aquatic invasive species impact species at risk by competing for food and space resources, predation, and indirectly through trophic disruption and management efforts to control unwanted species.  Commercial exploitation has led to the decline and, in some cases loss, of species within the Great Lakes.  The alteration of aquatic habitat, such as shoreline hardening and loss of coastal wetlands, has also impacted several nearshore species at risk.  However, it is important to note that these threats do not work alone, but rather synergistically with one another.  These threats may be exacerbated in the future by emerging issues such as climate change and pharmaceuticals in wastewater effluents.
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LONG-TERM CHANGES OF LAKE CONSTANCE WITH SPECIAL REGARD TO THE CLIMATE IMPACT
Oral

Water quality and ecosystem monitoring at Lake Constance, a large deep lake on the Northern fringe of the Alpes, has been carried out for many decades. The data gained thereby can be evaluated in conjunction with hydrological and meteorological time series with regard to the influence of climate change. Such analysis cannot be undertaken without considering many other factors having an impact on the observed parameters. The rising trends in air and water temperature roughly coincide e.g. with a period of reoligotrophication, effective changes in fishing practice as well as some shifts in the hydrological regime. The multivariate and frequently non-linear relations in the ecosystem add to the complexity of climate change signals in large lakes. Yet some trends and shifts in the limnic time series can be attributed to the altering meteorological conditions. Stratification and vertical mixing are affected and thus the deep water renewal. Meteorological shifts transformed by the specific characteristics of the Alpine catchment area contribute to changes in the seasonal course of the lake water level. These evolutions have an observable impact on the ecosystem.
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PHYTOPLANKTON CHANGES IN LAKE WINNIPEG : CYANOBACTERIA, NUTRIENT AND TOXIN ISSUES
Poster

Lake Winnipeg, Manitoba, the most eutrophic great lake in the world, is beginning to attract more attention and scientific study. Eutrophication has produced major changes in this aquatic ecosystem with a major impact on phytoplankton species and biomass. Species losses within the Bacillariophyta have been counterbalanced by significant increases in Cyanobacteria diversity and biomass. This presentation summarizes important algal community changes and depicts the dominant Cyanobacteria species implicated in nitrogen fixation and toxin production in Lake Winnipeg. The combined effects of nutrient increases, algal species shifts and toxin production represent a significant threat to the sustainability of ecosystem function and productivity.
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MARINE DINOFLAGELLATE CYSTS IN THE BALLAST TANK SEDIMENTS OF SHIPS ENTERING THE ST. LAWRENCE GREAT LAKES   Poster

Ballast water from ocean-going ships has been implicated in at least 70% of the non-indigenous species introduction in the Great Lakes. In this study we examined the residual sediment from NOBOBs ocean-going vessels entering the Great Lakes for the presence of marine dinoflagellates.  Of the 49 ballast tank sampled, only 4 did not have marine dinoflagellate cysts present. Marine dinoflagellates presented 24% of total algal abundance, and a total of 35 marine dinoflagellates were found in our samples.  The most common cysts were Protoperidinium species, such as P. oblongum and P. conicum. Potentially toxic, bloom-forming cysts of Alexandrium species occurred in 47% of samples.  Ship management practices were found to influence the presence and numbers of marine dinoflagellates in the tanks. The number of dinoflagellates presents was negatively correlated with ship’s age and whether the tanks were flushed at sea. Given the abundance of marine dinoflagellates in our samples, NOBOBs ships entering the Great Lakes are a likely vector for the introduction of non-indigenous species into the Great Lakes; however, ship management practice may be able to reduce that risk.
Sandra Poikane
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LAKE ASSESSMENT STRATEGY IN THE EU: CASE STUDY OF EUROPEAN LARGE LAKES  
Assessment of lake ecological quality and setting of quality aims are key elements of the lake management.  In Europe, lake quality aims are set in the Lake Intercalibration process under the European Commission Water Framework Directive (WFD). The Lake Intercalibration exercise is carried out within 5 Geographical Intercalibration Groups (GIGs) – Alpine, Atlantic Central/Baltic, Mediterranean and Northern GIG. 15 Common Intercalibration types shared by Member states were defined for the Intercalibration exercise.

The first results of the Intercalibration exercise are the boundary setting for chlorophyll a values for all GIGs (phytoplankton biomass for two GIGs), including three consecutive tasks:

-
Defining of reference criteria and compiling of reference lake datasets;

-
Setting of reference conditions and  high-good status boundaries;

-
Setting of good-moderate status boundaries.

The setting of reference conditions and boundaries for chlorophyll a values can be considered as an important step towards harmonized assessment of lake ecological status across the European Union.  The results will be used for setting of national WFD compliant assessment schemes and development of River basin management plans

The approach is illustrated through a case study - the ecological status of several European large lakes was evaluated according to the proposed criteria.
