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Climate warming reduces fish production and benthic habitat in Lake
Tanganyika, one of the most biodiverse freshwater ecosystems

Andrew S. Cohen; Elizabeth L. Gergurich; Benjamin M. Kraemer; et al.

Warming climates are rapidly transforming lake ecosystems worldwide, but the breadth of changes in
tropical lakes is poorly documented. Sustainable management of freshwater fisheries and biodiversity
requires accounting for historical and ongoing stressors such as climate change and harvest intensity.
This is problematic in tropical Africa, where records of ecosystem change are limited and local
populations rely heavily on lakes for nutrition. Here, using a ~1,500-y paleoecological record, we show
that declines in fishery species and endemic molluscs began well before commercial fishing in Lake
Tanganyika, Africa’s deepest and oldest lake. Paleoclimate and instrumental records demonstrate
sustained warming in this lake during the last ~150 y, which affects biota by strengthening and
shallowing stratification of the water column. Reductions in lake mixing have depressed algal production
and shrunk the oxygenated benthic habitat by 38% in our study areas, yielding fish and mollusc declines.
Late-20th century fish fossil abundances at two of three sites were lower than at any other time in the last
millennium and fell in concert with reduced diatom abundance and warming water. A negative correlation
between lake temperature and fish and mollusc fossils over the last ~500 y indicates that climate
warming and intensifying stratification have almost certainly reduced potential fishery production, helping
to explain ongoing declines in fish catches. Long-term declines of both benthic and pelagic species
underscore the urgency of strategic efforts to sustain Lake Tanganyika’s extraordinary biodiversity and

ecosystem services.

CRJE: PNAS, 2016, 113 (34): 9563-9568)
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Outburst flood at 1920 BC supports historicity of China’s Great Flood
and the Xia dynasty

Q Wu; Z Zhao; L Liu; et al.

China's historiographical traditions tell of the successful control of a Great Flood leading to the
establishment of the Xia dynasty and the beginning of civilization. However, the historicity of the flood
and Xia remain controversial. Here, we reconstruct an earthquake-induced landslide dam outburst flood
on the Yellow River about 1920 BCE that ranks as one of the largest freshwater floods of the Holocene
and could account for the Great Flood. This would place the beginning of Xia at ~1900 BCE, several
centuries later than traditionally thought. This date coincides with the major transition from the Neolithic
to Bronze Age in the Yellow River valley and supports hypotheses that the primary state-level society of
the Erlitou culture is an archaeological manifestation of the Xia dynasty.

CRJE: SCIENCE, 2016, 353(6299):579-582)
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The size-distribution of Earth’s lakes

B. B. Cael; D. A. Seekell

Globally, there are millions of small lakes, but a small number of large lakes. Most key ecosystem
patterns and processes scale with lake size, thus this asymmetry between area and abundance is a
fundamental constraint on broad-scale patterns in lake ecology. Nonetheless, descriptions of lake
size-distributions are scarce and empirical distributions are rarely evaluated relative to theoretical
predictions. Here we develop expectations for Earth’s lake area-distribution based on percolation theory
and evaluate these expectations with data from a global lake census. Lake surface areas =8.5km? are
power-law distributed with a tail exponent (1=1.97) and fractal dimension (d = 1.38), similar to theoretical
expectations (1=2.05; d=4/3). Lakes <8.5km? are not power-law distributed. An independently
developed regional lake census exhibits a similar transition and consistency with theoretical predictions.
Small lakes deviate from the power-law distribution because smaller lakes are more susceptible to
dynamical change and topographic behavior at sub-kilometer scales is not self-similar. Our results
provide a robust characterization and theoretical explanation for the lake size-abundance relationship,
and form a fundamental basis for understanding and predicting patterns in lake ecology at broad scales.
CR¥E: SCIENTIFIC REPORTS, 2016, doi:10.1038/srep29633)

A lake data set for the Tibetan Plateau from the 1960s, 2005, and 2014

Wei Wan; Di Long; Yang Hong, et al.

Long-term datasets of number and size of lakes over the Tibetan Plateau (TP) are among the most
critical components for better understanding the interactions among the cryosphere, hydrosphere, and
atmosphere at regional and global scales. Due to the harsh environment and the scarcity of data over the
TP, data accumulation and sharing become more valuable for scientists worldwide to make new
discoveries in this region. This paper, for the first time, presents a comprehensive and freely available
data set of lakes’ status (name, location, shape, area, perimeter, etc.) over the TP region dating back to
the 1960s, including three time series, i.e., the 1960s, 2005, and 2014, derived from ground survey (the
1960s) or high-spatial-resolution satellite images from the China-Brazil Earth Resources Satellite
(CBERS) (2005) and China’s newly launched GaoFen-1 (GF-1, which means high-resolution images in
Chinese) satellite (2014). The data set could provide scientists with useful information for revealing
environmental changes and mechanisms over the TP region.
CEJE: SCIENTIFIC DATA, 2016, doi:10.1038/sdata.2016.39)
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Erosion and deposition within Poyang Lake: evidence from a decade of
satellite data

Zhang, Siyu; Liu, Yongxue; Yang, Yuhao; et al.

Poyang Lake, an important wetland in the Ramsar Convention List, is the largest freshwater lake in China
and an essential component of the Yangtze River system. The lake is increasingly experiencing serious
water crises including seasonal desiccation, decreased wetland area, and water shortages, all of which
are closely related to progressive changes in the lake's topography over recent years. Atime-series of
bottom topography would contribute to our understanding of the lake's evolution during the past several
decades. However, quality bathymetric data for Poyang Lake are scarce owing to the highly dynamic and
turbid nature of its water. To resolve this limitation, we used a total of 146 medium-resolution satellite
images to build annual and quasi-annual bottom topography maps of Poyang Lake during the period
from 2000 to 2010 based on the well-established waterline method. Our results show that: (1)the average
elevation of the lakebed relative to sea level has decreased by 14.4 cm/yr. from 2000 to 2010; and (2)the
observed annual changes in the lakebed elevation were well correlated (r = 0.84) with measured
changes in the lake's annual net sediment flux. The observed trends may be attributed to the impacts of
human activities, especially the operation of the Three Gorge Dams, frequent sand mining, and the
implementation of a large water conservancy project. This decade-long quantitative understanding of the
lake's evolution and bottom topography elevations might assist both researchers and local policymakers
in ecological management, wetland protection, and lake navigation safety.
(RiF: JOURNAL OF GREAT LAKES RESEARCH, 2016, 42(2): 364-374)

Development of a mobile phone application for the prediction of
harmful algal blooms in inland lakes

Gotthold, J. P.; Deshmukh, A.; Nighojkar, V.; et al.

Harmful algal blooms mainly caused by cyanobacteria in freshwater ecosystems often present a health
risk to the public within eutrophied shallow lakes due to algal toxins released into the water during the
final stage of an algal bloom. Thus, algal growth should be carefully monitored during the summer
season, especially in frequented recreational areas. Traditionally, water samples must be sent to a lab to
analyze the data to predict algal blooms, costing time and money. Models on a smartphone predicting
harmful algal blooms from easily measurable parameters could help individuals to take precautionary
measures in order to prevent health risks from drinking and bathing in water and help to raise public
awareness. In this work we present a mobile smartphone application that generates a prediction of the
likelihood of an algal bloom from a variety of easily-measured input parameters that could be obtained by
an informed smartphone user with simple instruments. Our model was implemented in an Android mobile
phone application using App Inventor. The model we use is based on the Verhulst equation and allows
users to enter any of the following measurements to predict and algal bloom: surface temperature,
inverse Secchi depth, dissolved oxygen (DO) at the surface, and chlorophyll fluorescence (Chl-a).

Our model was developed using a data set by weekly sampling of eutrophication parameters
(temperature, conductivity, DO, phosphate, ammonia, nitrite, nitrate, Chl-a, Secchi depth) during the
summer season of 2013 (June-October) from a shallow lake situated in a recreational area within the
town of Wolfenbuttel, Germany. Temperature differences within water depth layers were observed in

mid-June, then partial circulation of the upper three water layers was reached in mid-August until
4
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temperatures gradually reached equilibrium at the beginning of August (full circulation). This coincided
with full development of algal bloom (cyanobacterial Chl-a values reaching 40 mu g L-1), Secchi depth
values below 0.6 m and a sharp drop in phosphate and ammonia levels within the bottom water layer.
Thus, phosphate concentration at lake bottom, temperature difference between water layers, and surface
temperature were recognized as valuable parameters for a simple prediction model of harmful algal
growth based on the Verhulst equation N-t = N-O + (k-N-O)*exp(-r(0)*t). A partial least square analysis
revealed parameters for estimation of chlorophyll fluorescence (total Chl-a (mu g L-1) = -6.4775 +
21.6396 * inverse Secchi depth (m) + 0.0006 * square (DO surface (%); r(2) = 0.69) as well as
cyanobacterial chlorophyll fluorescence (cyanobacterial Chl-a (mu g L-1) = 0.409-0.7486 * surface
temperature (degrees C) + 17.6979 * inverse Secchi depth (m); r(2) = 0.76) from this data set. From
these datasets and models, we created a single model that uses Secchi depth in combination with either
DO or temperature at the surface to predict algae blooms..
(ki : FUNDAMENTAL AND APPLIED LIMNOLOGY, 2016, 188(1): 1-17)

Verification of a simple band ratio algorithm for retrieving Great Lakes
open water surface chlorophyll concentrations from satellite
observations

Lesht, Barry M.; Barbiero, Richard P.; Warren, Glenn J.

We compared in situ surface chlorophyll concentration values measured between 2012 and 2015 as part
of the U.S. Environmental Protection Agency's Great Lakes National Program Office (GLNPO) annual
monitoring program with corresponding concentration estimates obtained by applying our previously
published (Lesht et al., 2013) Great Lakes Fit (GLF) band ratio algorithm to data from the
Moderate-resolution Imaging Spectroradiometer (MODIS) sensor. Coefficients used in the original GLF
algorithm were derived from similarly matched GLNPO and satellite observations collected between
2002 and 2011. The Model Il linear relationship between the original GLF-predicted log-transformed
values and the new set (2012-2015) of field observations yielded intercept = 0.036, slope = 1.063, and
r(2) = 0.830. Residuals for modeled chlorophyll concentrations below similar to 8.0 mg m(-3) were
unbiased and normally distributed, but positively biased at higher modeled concentrations. When applied
to the entire dataset (2002-2015), the linear relationship between the GLF-modeled and the observed
values had intercept = 0.000, slope = 0.999, and r(2) = 0.820. New model coefficients derived from the
entire (2002-2015) dataset were very similar to those obtained from the 2002-2011 data. Continual
testing and assessment of any empirical model are desirable especially when the model is designed to
be employed by a broad community. We conclude that this comparison of the GLF algorithm with the
additional four years of independent data further validates its use for estimating surface chlorophyll
concentrations from satellite observations of the open waters of the Great Lakes.

(kJs: JOURNAL OF GREAT LAKES RESEARCH, 2016, 42(2): 448-454)

Hydrological drivers of record-setting water level rise on Earth's largest
lake system

Gronewold, A. D.; Bruxer, J.; Durnford, D.; et al.
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Between January 2013 and December 2014, water levels on Lake Superior and Lake Michigan-Huron,
the two largest lakes on Earth by surface area, rose at the highest rate ever recorded for a 2 year period
beginning in January and ending in December of the following year. This historic event coincided with
below-average air temperatures and extensive winter ice cover across the Great Lakes. It also brought
an end to a 15 year period of persistently below-average water levels on Lakes Superior and
Michigan-Huron that included several months of record-low water levels. To differentiate hydrological
drivers behind the recent water level rise, we developed a Bayesian Markov chain Monte Carlo (MCMC)
routine for inferring historical estimates of the major components of each lake's water budget. Our results
indicate that, in 2013, the water level rise on Lake Superior was driven by increased spring runoff and
over-lake precipitation. In 2014, reduced over-lake evaporation played a more significant role in Lake
Superior's water level rise. The water level rise on Lake Michigan-Huron in 2013 was also due to
above-average spring runoff and persistent over-lake precipitation, while in 2014, it was due to a rare
combination of below-average evaporation, above-average runoff and precipitation, and very high inflow
rates from Lake Superior through the St. Marys River. We expect, in future research, to apply our new
framework across the other Laurentian Great Lakes, and to Earth's other large freshwater basins as well.

CEJE: WATER RESOURCES RESEARCH, 2016, 52(5):4026-4042)

In-situ erosion of cohesive sediment in a large shallow lake
experiencing long-term decline in wind speed

Wu, Tingfeng; Timo, Huttula; Qin, Bogiang; et al.

In order to address the major factors affecting cohesive sediment erosion using high-frequency in-situ
observations in Lake Taihu, and the response of this erosion to long-term decline in wind speed, high
frequency meteorological, hydrological and turbidity sensors were deployed to record continuous field
wind-induced wave, current and sediment erosion processes; Statistical analyses and mathematic
modeling spanning 44 years were also conducted. The results revealed that the unconsolidated surficial
cohesive sediment frequently experiences the processes of erosion, suspension and deposition. Wind
waves, generated by the absorption of wind energy, are the principal force driving this cycle. When the
wavelength-to-water depth ratio (L/D) is 2-3, wave propagation is affected by lakebed friction and surface
erosion occurs. When L/D > 3, the interaction between wave and lakebed increases to induce massive
erosion. However, influenced by rapid urbanization in the Lake Taihu basin, wind speed has significantly
decreased, by an average rate of -0.022 m s(-1) a(-1), from 1970 to 2013. This has reduced the erodible
area, represented by simulated L/D, at a rate of -16.9 km(2) a(-1) in the autumn and winter, and -8.1
km(2) a(-1) in the spring and summer. This significant decrease in surface erosion area, and the near
disappearance of areas experiencing massive erosion, imply that Lake Taihu has become calmer, which
can be expected to have adverse effects on the lake ecosystem by increasing eutrophication and

nuisance cyanobacteria blooms.

CkJE: JOURNAL OF HYDROLOGY, 2016, 539:254-264)
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Movements of the thermocline lead to high variability in benthic
mixing in the nearshore of a large lake

Chowdhury, Mijanur R.; Wells, Mathew G.; Howell, Todd

The thermocline of Lake Ontario is in constant motion, and as it washes back and forth along the sloping
lakebed there is a striking asymmetry in near-bed stratification and benthic turbulence between its rise
and fall. Detailed field observations of the stratification and water currents from the summers of 2012 and
2013 showed that the thermocline motions had large amplitudes (as high as 15 m) and a dominant period
between 16 and 17.5 h, corresponding to a near -inertial internal Poincare wave. During the falling phase,
the warmer down-slope flow was strongly stratified with near -bed water temperature gradients of m(-1).
In contrast during the rising phase of colder up-slope flow, there was an unstable stratification in near
-bed water and large temperature overturns due to the differential advection of stratified waters, i.e., the
shear -driven convective mechanism. Using a Thorpe-scale analysis of overturns, the inferred turbulent
diffusivity during the up-slope flow was ic 5 x 10-4 m(2) s I. In striking contrast during the down -slope flow,
the strong stratification had lower turbulent diffusivities of KZ -10(-6) m2 s(-1). The near bottom region of
Lake Ontario within the thermocline swash-zone has intense biological activity and the highest
concentrations of invasive dreissenid mussels. We discuss the potential biological implications of the
striking variability in benthic mixing and near -bed stratification for nutrient cycling in the Lake Ontario
nearshore.
CkJ&: WATER RESOURCES RESEARCH, 2016, 52(4): 3019-3039)

Can lake sensitivity to desiccation be predicted from lake geometry?

Haghighi, Ali Torabi; Menberu, Meseret Walle; Aminnezhad, Mousa; et al.

Declining lake levels (Aral Sea syndrome) can be caused by changes in climate, increased water use or
changed regulation patterns. This paper introduces a novel lake geometry index (LGI) to quantify lake
hydrological characteristics. The index was developed using a large representative dataset of lake
hypsographic characteristics from 152 lakes and man-made reservoirs. Using the LGI index, lakes can
be classified into five groups: groups 1-4 when LGl is 0.5-2.5, 2.5-4.5, 4.5-6.5 and 6.5-8.5, respectively,
and group 5 when LGl is >8.5. Naturally shallow and vast lakes and wetlands fall into the first group and
deep man-made reservoirs in narrow valleys are in group 5. The response of three different lake systems
(LGI 0.75, 2.75 and 6.5) to different water flow scenarios was then simulated using the water balance
equation. From this, the index 'potential lake area’ (A(pot)) was developed to show lake responses to
changed hydro-climatological conditions. A(pot) and LGI can be used to classify lakes into open or
closed systems. Simulations showed that lakes with low LGI have a shorter response time to flow and
climate changes. As a result, the impact of water balance restoration is faster for lakes with low LGI than

for lakes with high LGI. The latter are also more vulnerable to climate variation and change.

(kJE: JOURNAL OF HYDROLOGY, 2016, 539:599-610)

Fluctuations of Lake Orta water levels: preliminary analyses

Saidi, Helmi; Dresti, Claudia; Ciampittiello, Marzia

While the effects of past industrial pollution on the chemistry and biology of Lake Orta have been well
7
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documented, annual and seasonal fluctuations of lake levels have not yet been studied. Considering their

potential impacts on both the ecosystem and on human safety, fluctuations in lake levels are an
important aspect of limnological research. In the enormous catchment of Lake Maggiore, there are many
rivers and lakes, and the amount of annual precipitation is both high and concentrated in spring and
autumn. This has produced major flood events, most recently in November 2014. Flood events are also
frequent on Lake Orta, occurring roughly triennially since 1917. The 1926, 1951, 1976 and 2014 floods
were severe, with lake levels raised from 2.30 m to 3.46 m above the hydrometric zero. The most
important event occurred in 1976, with a maximum level equal to 292.31 m asl and a return period of 147
years. In 2014 the lake level reached 291.89 m asl and its return period was 54 years. In this study, we
defined trends and temporal fluctuations in Lake Orta water levels from 1917 to 2014, focusing on
extremes. We report both annual maximum and seasonal variations of the lake water levels over this
period. Both Mann-Kendall trend tests and simple linear regression were utilized to detect monotonic
trends in annual and seasonal extremes, and logistic regression was used to detect trends in the number
of flood events. Lake level decreased during winter and summer seasons, and a small but statistically
non-significant positive trend was found in the number of flood events over the period. We provide
estimations of return period for lake levels, a metric which could be used in planning lake flood protection

measures.

(SEJE: JOURNAL OF LIMNOLOGY, 2016, 75(S2):86-92)

What have we learned about ecological recovery from liming
interventions of acid lakes in Canada and Italy?

Manca, Marina M.; Bonacina, Carla; Yan, Norman D.

The idea of launching another special issue of the Journal of Limnology on Lake Orta was born in 2014,
on the 25th anniversary of its liming intervention, during an International Symposium on Lake Orta
organized and hosted by the Pallanza Institute (http://www.ise.cnr.it/vb). The conference did not simply
celebrate the past. While the liming of Lake Orta was undoubtedly a great national and international
success, the speakers at the conference, instead sought to enlarge and deepen knowledge of patterns
and mechanisms of lake ecosystem responses to the water quality improvements, or chemical recovery,

that accompanied Lake Orta's liming.

CEJE: JOURNAL OF LIMNOLOGY, 2016, 75(S2):1-3)

Giant ice rings on lakes Baikal and Hovsgol: Inventory, associated water
structure and potential formation mechanism

Kouraev, Alexei V.; Zakharova, Elena A.; Remy, Frederique; et al.

Observations of giant ice rings on Lake Baikal (Russia) have recently sparked scientific and public

interest. However, there is still no clear consensus on their origins. Here, we provide an inventory of the

ice rings based on satellite imagery and photography for 1974-2014. We have identified 45 rings on Lake

Baikal (compared with 13 previously known) and also for the first time four rings for the neighbouring

Lake Hovsgol (Mongolia). The results of our hydrographic surveys beneath the ice rings in Lake Baikal in

2012-2014 and in Lake Hovsgol in 2015 show the presence of warm double-convex lens-like eddies
8
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before and during manifestation of ice rings. We suggest that these eddies are the driving factor for the
formation of ice rings in these lakes. We reassess the existing hypotheses of ice ring formation and
discuss the potential mechanisms of eddy formation.

CRiE: LIMNOLOGY AND OCEANOGRAPHY, 2016, 61(3):1001-1014)

A critical perspective on geo-engineering for eutrophication
management in lakes

Lurling, Miquel; Mackay, Eleanor; Reitzel, Kasper; et al.

Eutrophication is the primary worldwide water quality issue. Reducing excessive external nutrient loading
is the most straightforward action in mitigating eutrophication, but lakes, ponds and reservoirs often show
little, if any, signs of recovery in the years following external load reduction. This is due to internal cycling
of phosphorus (P). Geo-engineering, which we can here define as activities intervening with
biogeochemical cycles to control eutrophication in inland waters, represents a promising approach, under
appropriate conditions, to reduce P release from bed sediments and cyanobacteria accumulation in
surface waters, thereby speeding up recovery. In this overview, we draw on evidence from this special
issue Geoengineering in Lakes, and on supporting literature to provide a critical perspective on the
approach. We demonstrate that many of the strong P sorbents in the literature will not be applicable in
the field because of costs and other constraints. Aluminium and lanthanum modified compounds are
among the most effective compounds for targeting P. Flocculants and ballast compounds can be used to
sink cyanobacteria, in the short term. We emphasize that the first step in managing eutrophication is a
system analysis that will reveal the main water and P flows and the biological structure of the waterbody.
These site specific traits can be significant confounding factors dictating successful eutrophication
management. Geo-engineering techniques, considered collectively, as part of a tool kit, may ensure
successful management of eutrophication through a range of target effects. In addition, novel
developments in modified zeolites offer simultaneous P and nitrogen control. To facilitate research and

reduce the delay from concept to market a multi-national centre of excellence is required.

CKJH: WATER RESEARCH, 2016, 97(SI):1-10)

Sustainability analysis of the management approach for six New
Zealand lakes

Jenkins, Bryan

This paper describes a methodology for sustainability analysis based on failure pathways that can lead to
the loss of system sustainability. For these failure pathways, critical variables can be identified by
threshold values that define when the system changes from its sustainable state. The methodology also
considers any management interventions being undertaken to address failure pathways and whether the
extent of intervention is adequate to ensure the critical variables for the failure pathways remain below
their threshold values. This methodology was then applied to the current management approaches for 6
New Zealand lakes: Lake Taupo, Lake Brunner, Lake Rotorua, Lake Omapere, Te Waihora/Lake
Ellesmere, and Waituna Lagoon. Although diffuse nutrient pollution from land use intensification is
affecting water quality of all of the lakes, the analysis identifies different failure pathways and different
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critical variables, implying the need for different management interventions to achieve desired water
quality outcomes. Overall findings were (1) that all lakes will require reductions in land use intensification
in their catchments to achieve sustainable water quality; (2) there is evidence of positive innovations that
could potentially improve water quality; and (3) the level of management intervention is insufficient to
achieve the desired water quality objectives for the lakes.

CRJE: LAKE AND RESERVOIR MANAGEMENT, 2016, 32(2): 101-115)

Temporal and spatial dynamics of large lake hypoxia: Integrating
statistical and three-dimensional dynamic models to enhance lake
management criteria

Bocaniov, Serghei A.; Scavia, Donald

Hypoxia or low bottom water dissolved oxygen (DO) is a world-wide problem of management concern
requiring an understanding and ability to monitor and predict its spatial and temporal dynamics. However,
this is often made difficult in large lakes and coastal oceans because of limited spatial and temporal
coverage of field observations. We used a calibrated and validated three-dimensional ecological model
of Lake Erie to extend a statistical relationship between hypoxic extent and bottom water DO
concentrations to explore implications of the broader temporal and spatial development and dissipation
of hypoxia. We provide the first numerical demonstration that hypoxia initiates in the nearshore, not the
deep portion of the basin, and that the threshold used to define hypoxia matters in both spatial and
temporal dynamics and in its sensitivity to climate. We show that existing monitoring programs likely
underestimate both maximum hypoxic extent and the importance of low oxygen in the nearshore, discuss
implications for ecosystem and drinking water protection, and recommend how these results could be
used to efficiently and economically extend monitoring programs.

CKJE: WATER RESOURCES RESEARCH, 2016, 52(6):4247-4263)

Homogenised daily lake surface water temperature data generated
from multiple satellite sensors: A long-term case study of a large
sub-Alpine lake

Sajid Pareeth; Nico Salmaso; Rita Adrian; et al

Availability of remotely sensed multi-spectral images since the 1980’s, which cover three decades of
voluminous data could help researchers to study the changing dynamics of bio-physical characteristics of
land and water. In this study, we introduce a new methodology to develop homogenised Lake Surface
Water Temperature (LSWT) from multiple polar orbiting satellites. Precisely, we developed homogenised
1 km daily LSWT maps covering the last 30 years (1986 to 2015) combining data from 13 satellites. We
used a split-window technique to derive LSWT from brightness temperatures and a modified diurnal
temperature cycle model to homogenise data which were acquired between 8:00 to 17:00 UTC. Gaps in
the temporal LSWT data due to the presence of clouds were filled by applying Harmonic ANalysis of
Time Series (HANTS). The satellite derived LSWT maps were validated based on long-term monthly
in-situ bulk temperature measurements in Lake Garda, the largest lake in Italy. We found the satellite

derived homogenised LSWT being significantly correlated to in-situ data. The new LSWT time series

10
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showed a significant annual rate of increase of 0.020°C yr-1 (*P <0.05), and of 0.036°C yr-1
(***P <0.001) during summer.
CEJE: SCIENTIFIC REPORTS, 2016, doi:10.1038/srep31251)

Responses to a warming trend and "El Nio" events in a tropical lake in
western Mexico

Caballero, Margarita; Vazquez, Gabriela; Ortega, Beatriz; et al.

Lakes are sensitive ecosystems to climatic change but in the tropics it is frequently difficult to evaluate as
there are few long-term records. In this paper hydrochemistry and phytoplankton data during the
2009-2010 "El Nio" are contrasted with non-"El Nio" conditions (pre- and post- the 2009-2010 event) and
with long-term (23 years) meteorological and paleolimnological data from a lake in eastern Mexico.
Meteorological data provide evidence of a recent (since year 2000) warming trend, and paleolimnological
data show that the diatom assemblage changed at this time to a more diverse association, including low
abundances of a small Cyclotella species (C. ocellata) and a small needle shaped species (Fragilaria
nanana) to the previously dominant assemblage (Ulnaria delicatissima, Achnanthidium minutissimum).
Phytoplankton associations during non-"El Nio" are consistent with the paleolimnological record (U.
delicatissima-A. minutissimum, + Staurastrum sp.) but they changed at the onset of "El Nio" (May 2009),
when N and P co-limitation favoured a Coelastrum reticulatum-C. ocellata assemblage. During "El Nio"
winter (February 2010) colder temperatures led to a longer mixing period and a whole water column
deoxygenation event that favoured a particularly low diversity association (Botryococcus
sp.-Sphaerocystis sp.). The low diversity C. ocellata-bloom has no precedent for the last 23 years. The
previous 1998-1999 "El Nio" had a similar low diversity assemblage but dominated by U. delicatissima.
The different response of the phytoplankton to the two "El Nio" events is related with the warmer
conditions since the year 2000, that lead to more stable stratification periods and more frequent or
intense nutrient limitation, particularly during the warmer than average "El Nio" 2009-2010 summer.
Under a global warming scenario, minor changes in ecosystem's base levels determine that even normal
climatic variability events can cause unexpected changes in the ecosystem's diversity and species

composition.

CRJF: AQUATIC SCIENCES, 2016, 78(3):591-604)

Geospatial modeling approach to monument construction using
Michigan from A.D. 1000-1600 as a case study

Meghan C. L. Howey; Michael W. Palace; Crystal H. McMichael.

Building monuments was one way that past societies reconfigured their landscapes in response to
shifting social and ecological factors. Understanding the connections between those factors and
monument construction is critical, especially when multiple types of monuments were constructed across
the same landscape. Geospatial technologies enable past cultural activities and environmental variables
to be examined together at large scales. Many geospatial modeling approaches, however, are not
designed for presence-only (occurrence) data, which can be limiting given that many archaeological site
records are presence only. We use maximum entropy modeling (MaxEnt), which works with
11
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presence-only data, to predict the distribution of monuments across large landscapes, and we analyze
MaxEnt output to quantify the contributions of spatioenvironmental variables to predicted distributions.
We apply our approach to co-occurring Late Precontact (ca. A.D. 1000-1600) monuments in Michigan: (i)
mounds and (ii) earthwork enclosures. Many of these features have been destroyed by modern
development, and therefore, we conducted archival research to develop our monument occurrence
database. We modeled each monument type separately using the same input variables. Analyzing
variable contribution to MaxEnt output, we show that mound and enclosure landscape suitability was
driven by contrasting variables. Proximity to inland lakes was key to mound placement, and proximity to
rivers was key to sacred enclosures. This juxtaposition suggests that mounds met local needs for
resource procurement success, whereas enclosures filled broader regional needs for intergroup
exchange and shared ritual. Our study shows how MaxEnt can be used to develop sophisticated models
of past cultural processes, including monument building, with imperfect, limited, presence-only data.
CRJE: PNAS, 2016, 113(27):7443-7448)

Combining lake core records with the Ilimnologic model
DYRESM-CAEDYM to evaluate lakeresponse during the Little Ice Age
and Medieval Climate Anomaly

Bracht-Flyr, Brandi; Fritz, Sherilyn C

The Little Ice Age and Medieval Climate Anomaly are two climatic intervals within the last 2000 years that
had distinctive conditions in many North American paleoclimate reconstructions. During each of these
intervals, the Crevice Lake, Montana paleorecord shows distinctive limnological characteristics inferred
from fossil diatoms that reflect changes in temperature seasonality and lake thermal structure. A
thermodynamic-ecological model, DYRESM-CAEDYM, was used to estimate climatic conditions during
these time intervals and to explore the potential for linking paleo-records with lake models to evaluate the
dynamic interactions of environmental variables in influencing diatom populations over time. The model
effectively simulates the timing and distribution of Stephanodiscus and Cyclotella populations evident in
the modern Crevice Lake observational data. In sensitivity tests altering multiple weather inputs had a
greater effect on lake temperature isotherm patterns compared with changing only single variables,
which suggests the interactive effect of multiple climate variables in affecting lake thermal structure. The
model simulations show the importance of the rate of climate change in affecting lake thermal structure
and diatom community structure, particularly during spring and early summer. The model also provides
constraints on the range of changes in solar radiation, temperature, and wind speeds that may have
produced the diatom communities characteristic of the Medieval Climate Anomaly, Little Ice Age, and
contemporary times.
(kiE: JOURNAL OF PALEOLIMNOLOGY, 2016, 56(1): 79-92)

Quantitative paleolimnological inference models applied to a
high-resolution biostratigraphic study of lake degradation and recovery,
Onondaga Lake, New York (USA)

Rowell, H. Chandler; Enache, Mihaela D.; Quinlan, Roberto; et al.

12
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Once considered one of North America's most polluted lakes, today Onondaga Lake, New York, USA
has surface-water quality last seen prior to 1900. Paleolimnological inference models based on the
remains of diatoms and chironomids in an annually dated sediment core were used to reconstruct
quantitatively the post-1700 history of phosphorus, specific conductance, and volume-weighted
hypolimnetic oxygen levels in the lake. Ostracode and sediment chemical analyses contributed to a
detailed interpretation of past lake conditions. Thirteen biostratigraphic intervals are described.
Discernible aspects of water quality include climate variability, trophic state, duration of bottom water
anoxia, abundance of seasonal algal blooms, trends in specific conductance (a proxy for salinity),
nineteenth and twentieth century industrial influences, pollution control efforts back to the late nineteenth
century, and the timing of biological response to physical changes in the lake. Before 1822, freshwater,
oligotrophic to borderline mesotrophic (similar to 10 mu g/l TP) conditions existed in Onondaga Lake and
seasonal anoxia occurred in the hypolimnion. After the lowering of its water level in 1822, the lake
became mesotrophic (10-20 mu g/l TP). It became eutrophic (>20 mu g/l) at mid-century, but between
1900 and 1919 there were sporadic returns to mesotrophic conditions. Hypereutrophy (>100 mu g/l TP)
prevailed from 1944 into the 1980s. Highest TP levels in the lake occurred during the 1950s through
1970s. Hypolimnetic anoxia increased after 1822 and the lake's profundal benthos declined markedly,
disappearing entirely early in the twentieth century. The lake became progressively more saline during
the mid-nineteenth century, and was brackish (specific conductance >500 mu S/cm) by the late
nineteenth century. The highest salinity levels in the lake occurred from 1972 to 1980. Since the 1970s,
inferences from paleolimnological analysis of the lake sediments reflect the well documented, steady
decline of phosphorus concentration and salinity in Onondaga Lake, although chironomid-based
evidence for abatement of deepwater anoxia is still lacking. This study demonstrates that quantitative
paleolimnological inference models can be a valuable, complementary addition to lake management
mechanistic modeling, as well as a key part of detailed historical water quality assessments.
(Sk¥: JOURNAL OF PALEOLIMNOLOGY, 2016, 55(3): 241-258)
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CRIE: EFR= kR, 2016, 4:497-508)

Arctic and Sub-Arctic shallow lakes in a multiple-stressor world: a
paleoecological perspective

Smol, John P

Considerable progress has been made using experimental approaches and spatial surveys to better
understand and manage shallow lake ecosystems. Meanwhile, research on the environmental histories
of shallow lakes has lagged behind paleolimnological studies conducted on deeper systems, with most
studies on shallow systems being completed over the last decade or so. Although shallow lakes may
pose additional challenges to paleoenvironmental assessments, these potential shortcomings can often
be identified and addressed. Due to their size, shallow lakes may act as amplifiers for a variety of
environmental stressors, while dampening others. This overview summarizes a few recent studies
assessing the long-term effects of multiple stressors on shallow lake ecosystems, with a particular focus
14
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on Arctic and Sub-Arctic ponds. Issues related to climatic change (e.g., the rapid transformation of

shallow ponds in polar regions), as well as recent paleolimnological studies using shallow lake sediments
to track past flooding frequencies, assessing the effects of seabirds and other biovectors on terrestrial
ecosystems, blending archaeology and paleolimnology, and investigating the paths and trajectories of
different pollutants (e.g., contaminants from the burgeoning petroleum industry) are highlighted. Some

potential avenues for future research are also discussed.

CkJE: HYDROBIOLOGIA, 2016, 778(1):253-272)

Paleolimnological records of regime shifts in lakes in response to
climate change and anthropogenic activities

Randsalu-Wendrup, Linda; Conley, Daniel J.; Carstensen, Jacob; et al.

Regime shifts in lake ecosystems can occur in response to both abrupt and continuous climate change,
and the imprints they leave in paleolimnological records allow us to investigate and better understand
patterns and processes governing ecological changes on geological time scales. This synthesis
investigates paleolimnological records that display apparent regime shifts and characterizes the shifts as
either smooth, threshold-like or bistable. The main drivers behind the shifts are also explored: direct
climate influence on lakes, climate influence mediated through the catchment, lake ontogenetic
processes and/or anthropogenic forcing. This framework helps to elucidate the relationship between
driver and regime shift dynamics and the type of imprint that the associated regime shifts leaves in
sediment records. Our analysis of the limited sites available (22 sites) show that smooth regime shifts are
characterized with forcing and response variables acting on similar time scales, whereas regime shifts
that demonstrate a threshold like response or a hysteresis response occur on shorter time scales than
changes in drivers. The temporal resolution of the record, a common concern in paleo records, limits
identification of the timing and rate of the regime shifts. When detected, past regime shifts offer rich
opportunities to understand ecosystem responses to climate and other changes and to evaluate the
mean state and natural variability of lake ecosystems on time scales of decades to millennia. There are a
number of remaining challenges in understanding regime shifts and ecosystem dynamics in a
paleolimnological perspective including lack of an appropriate temporal resolution and ecosystem
feedback mechanisms. Combining paleoecology with contemporary studies can help clarify the scale of
regime shifts and to distinguish patterns in ecosystem changes from natural variability.
(RiF: JOURNAL OF PALEOLIMNOLOGY, 2016, 56(1):1-14)
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Gl R38R, 2016, 61(21): 2395-2408)

Holocene high lake-levels and pan-lake period on Badain Jaran Desert

WANG NaiAng, NING Kai, LI ZhuoLun; et al.

Many lakes exist in southeastern Badain Jaran Desert and its hinterland, including 110 perennial lakes
and some seasonal or extinct lakes. Geomorphological, sedimentological, and bioglyph evidence
obtained from field investigations on Badain Jaran Desert lake group, alongside measurements and
dating performed on lake relic, prove that these lakes expanded while the climate was relatively wet
during early and middle Holocene. The dating results suggest that the pan-lake period of the Badain
Jaran Desert began at 10 cal kyr BP, before which the limnic peat period occurred (11-10 cal kyr BP).
Many lakes reached their maximal water-level during 8.6—6.3 cal kyr BP and retreated or dried up in the
late Holocene (about 3.5-0 cal kyr BP). During that period, the precipitation at Badain Jaran Desert may
have reached 200 mm yr-1 for 7.7-5.3 cal kyr BP, inferred from both the age and precipitation rate of
calcareous root tubes. The water balance calculation shows that wetter and warmer climate and the
increase of underground water recharge were key factors in maintaining and developing the lake group
at both centennial and millennial time scales. Furthermore, lake surface expansion and the increasing

fresh water availability set the background for the prosperous prehistoric culture.

CkJE: SCIENCE CHINA Earth Sciences, 2016, 59(8):1633-1641)

Timing and causes of mid-Holocene mammoth extinction on St. Paul
Island, Alaska

RRussell W. Graham; Soumaya Belmecheri; Kyungcheol Choy; et al.

Relict woolly mammoth (Mammuthus primigenius) populations survived on several small Beringian
islands for thousands of years after mainland populations went extinct. Here we present multiproxy
paleoenvironmental records to investigate the timing, causes, and consequences of mammoth
disappearance from St. Paul Island, Alaska. Five independent indicators of extinction show that
mammoths survived on St. Paul until 5,600 + 100 y ago. Vegetation composition remained stable during
the extinction window, and there is no evidence of human presence on the island before 1787 CE,

suggesting that these factors were not extinction drivers. Instead, the extinction coincided with declining
16



MiaAtESHAs (49 A)

freshwater resources and drier climates between 7,850 and 5,600 y ago, as inferred from sedimen-tary

magnetic susceptibility, oxygen isotopes, and diatom and cla-doceran assemblages in a sediment core
from a freshwater lake on the island, and stable nitrogen isotopes from mammoth remains. Contrary to
other extinction models for the St. Paul mammoth population , this evidence indicates that this mammoth
population died out because of the synergistic effects of shrinking island area and freshwater scarcity
caused by rising sea levels and regional climate change. Degradation of water quality by intensified
mammoth activity around the lake likely exacerbated the situation. The St. Paul mammoth demise is now
one of the best-dated prehistoric extinctions , highlighting freshwater limitation as an overlooked
extinction driver and underscoring the vulnerability of small island populations to environmental change,
even in the absence of human influence.
CRJ&: PNAS, 2016, 113 (33) 9310-9314)

Phytoplankton community responses in a shallow lake following
lanthanum-bentonite application

Lang, P.; Meis, S.; Prochazkova, L.; et al.

The release of phosphorus (P) from bed sediments to the overlying water can delay the recovery of lakes
for decades following reductions in catchment contributions, preventing water quality targets being met
within timeframes set out by environmental legislation (e.g. EU Water Framework Directive: WFD).
Therefore supplementary solutions for restoring lakes have been explored, including the capping of
sediment P sources using a lanthanum (La)-modified bentonite clay to reduce internal P loading and
enhance the recovery process. Here we present results from Loch Flemington where the first long-term
field trial documenting responses of phytoplankton community structure and abundance, and the UK
WFD phytoplankton metric to a La-bentonite application was performed. A Before-After-Control-Impact
(BACI) analysis was used to distinguish natural variability from treatment effect and confirmed significant
reductions in the magnitude of summer cyanobacterial blooms in Loch Flemington, relative to the control
site, following La-bentonite application. However this initial cyanobacterial response was not sustained
beyond two years after application, which implied that the reduction in internal P loading was short-lived,;
several possible explanations for this are discussed. One reason is that this ecological quality indicator is
sensitive to inter-annual variability in weather patterns, particularly summer rainfall and water
temperature. Over the monitoring period, the phytoplankton community structure of Loch Flemington
became less dominated by cyanobacteria and more functionally diverse. This resulted in continual
improvements in the phytoplankton compositional and abundance metrics, which were not observed at
the control site, and may suggest an ecological response to the sustained reduction in filterable reactive
phosphorus (FRP) concentration following La-bentonite application. Overall, phytoplankton classification
indicated that the lake moved from poor to moderate ecological status but did not reach the proxy water
quality target (i.e. WFD Good Ecological Status) within four years of the application. As for many other
shallow lakes, the effective control of internal P loading in Loch Flemington will require further
implementation of both in-lake and catchment-based measures. Our work emphasizes the need for
appropriate experimental design and long-term monitoring programmes, to ascertain the efficacy of

intervention measures in delivering environmental improvements at the field scale.

CkJE: WATER RESEARCH, 2016, 2016, 97(Sl):55-68)
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Fatty-acid profiles of juvenile lake trout reflect experimental diets
consisting of natural prey

Happel, Austin; Stratton, Logan; Pattridge, Robert; et al.

It is relatively well-known that fatty-acid profiles of consumers reflect their diets. However, with fish,
controlled studies that trace fatty-acid profiles of natural prey into consumers are lacking. We asked
whether lake trout (Salmonidae: Salvelinus namaycush) fatty-acid profiles reflect diets at 4, 8 or 14weeks
after feeding began. We also evaluated if calibration coefficients were similar for each diet, a key
assumption of quantitative fatty-acid signature analysis (QFASA). In this study, juvenile lake trout were
fed commercially available frozen diets of chironomids (Chironomidae: Chironomus spp.), copepods
(Cyclopoida spp.), or Mysis (Mysidae: Mysis relicta) over a 14-week period. Accurate classification of
lake trout into a priori diet groups was attained after 8weeks of feeding. Calibration coefficients were
significantly different among diet groups, especially for lake trout that were fed chironomids, suggesting
that diet-specific modifications to fatty acids occurred. Chironomid-fed lake trout grew significantly larger
than others despite consuming prey that lacked long-chain essential fatty acids. Furthermore,
chironomid-fed lake trout provide evidence for the conversion of 18:3n-3 into longer chain n-3 fatty acids.
Our results call for additional studies to better understand how fatty acids reflect dietary origins prior to
employing QFASA on wild freshwater fishes. QFASA could provide accurate diet estimates for
freshwater fishes with low-diversity diet compositions, if calibration coefficients for each predator-prey
relationship are incorporated.

(CkJi: FRESHWATER BIOLOGY, 2016, 61(9):1466-1476)

Genetic linkage of distinct adaptive traits in sympatrically speciating
crater lake cichlid fish

Carmelo Fruciano; Paolo Franchini; Viera Kovacova; et al

Our understanding of how biological diversity arises is limited, especially in the case of speciation in the
face of gene flow. Here we investigate the genomic basis of adaptive traits, focusing on a sympatrically
diverging species pair of crater lake cichlid fishes. We identify the main quantitative trait loci (QTL) for two
eco-morphological traits: body shape and pharyngeal jaw morphology. These traits diverge in parallel
between benthic and limnetic species in the repeated adaptive radiations of this and other fish lineages.
Remarkably, a single chromosomal region contains the highest effect size QTL for both traits.
Transcriptomic data show that the QTL regions contain genes putatively under selection. Independent
population genomic data corroborate QTL regions as areas of high differentiation between the sympatric
sister species. Our results provide empirical support for current theoretical models that emphasize the
importance of genetic linkage and pleiotropy in facilitating rapid divergence in sympatry.
CRiE: NATURE COMMUNICATIONS, 2016, doi:10.1038/ncomms12736)

Loss of genetic diversity and reduction of genetic distance among lake
trout Salvelinus namaycush ecomorphs, Lake Superior 1959 to 2013

Baillie, Shauna M.; Muir, Andrew M.; Scribner, Kim; et al.
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North America's northern lakes are undergoing major changes. Lake Superior is the coldest and

northernmost of the Laurentian Great Lakes. Here, we present an extension of a long-term data set that
monitors genetic and phenotypic diversity of lake trout Salvelinus namaycush in Lake Superior.
Hypotheses were investigated pertaining to loss of genetic diversity and genetic homogenization among
three lake trout ecomorphs in Lake Superior during their recovery several decades after a major fishery
collapse in the early 1960s. Comparison of a contemporary (2004-2013) microsatellite DNA data set to a
previously published, post-collapse recovery period data set (1995-1999) indicated substantive losses in
genetic diversity. Allelic richness decreased by 5.7%, 12.3%, and 6.8% at Isle Royale, Stannard Rock,
and Klondike Reef, respectively. A 60.7% reduction in genetic distance among ecomorphs since the
1990s was detected. Comparisons with a third data set of samples collected during the fishery collapse
(1959) indicated an overall 18.2% loss in allelic richness at Isle Royale. The amount of introgression
among ecomorphs has likely increased over time. Apparent losses in genetic diversity could be a
consequence of historical fishery harvests (early 1900s) exacerbated by intensive stocking (1950s-1980s)
and invasions of non-native species (1960s-1990s). Overlap in foraging and breeding areas may have
contributed to increasing levels of hybridization among ecomorphs. Knowledge of these processes will
help to identify impediments and strategies for the maintenance of lake trout biodiversity in northern
Great Lakes, and their re-establishment in the Laurentian Great Lakes.
(k. JOURNAL OF GREAT LAKES RESEARCH, 2016, 42(2): 204-216)

Changes in the phytoplankton-bacteria coupling triggered by joint
action of UVR, nutrients, and warming in Mediterranean
high-mountain lakes

Duran, Cristina; Manuel Medina-Sanchez, Juan; Herrera, Guillermo; et al.

From an extensive study, we determined that heterotrophic bacterial production (HBP) variance in Sierra
Nevada (Spain) lakes was explained mainly by excretion of organic carbon by algae (EOC), underlining a
bacterial dependence on algal carbon. Subsequently, we studied how the interaction among global
change factors such as ultraviolet radiation (UVR), nutrient inputs, and increased temperature affected
this phytoplankton-bacteria coupling through in situ factorial experiments in two model high-mountain
lakes, La Caldera, and Las Yeguas. Bacterioplankton were more sensitive than phytoplankton because
the joint action of increased temperature and nutrient-addition unmasked an inhibitory UVR effect on
HBP while reducing the inhibitory UVR effect on primary production (PP) (in La Caldera) or augmenting
the net PP values (in Las Yeguas). The interaction among the three factors had a different effect on
phytoplankton-bacteria coupling depending on the lake. Thus, in the colder lake (La Caldera), EOC was
not adequate to meet the bacterial carbon demand (BCD), leading to a mismatch in
phytoplankton-bacteria coupling. Contrarily, in the warmer lake (Las Yeguas), the phytoplankton-bacteria
coupling was accentuated by the interaction among the three factors, with EOC exceeding BCD. These
contrasting responses of phytoplankton-bacteria coupling may affect the microbial loop development,
becoming reinforced in warmer and less UVR-transparent high-mountain lakes, but weakened in colder
and more UVR-transparent high-mountain lakes, with implications in the C-flux of these sentinel
ecosystems in a scenario of global change.
CRJFH: LIMNOLOGY AND OCEANOGRAPHY, 2016, 61(2):413-429)
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Predictions of establishment risk highlight biosurveillance priorities for
invasive fish in New Zealand lakes

Leathwick, John R.; Collier, Kevin J.; Hicks, Brendan J.; et al.

The ability to predict invasive species spread is essential for effective biosecurity management and the
allocation of scarce monitoring resources. Prevention of invasive fish incursions poses a significant
challenge because of the wide physiological tolerances of many species, their mobility and the role that
human vectors play in their spread. In New Zealand, seven introduced fish species are distributed to
varying extents in lakes across the two main islands. We used field survey data from 470 New Zealand
lakes to fit statistical models of the current geographic distributions of seven introduced species; the
resulting models were then used to predict risks of future establishment of each species in 3595 New
Zealand lakes >1ha. Initial models fitted using lake- and catchment-scale environmental predictors
identified summer temperature among the top two most influential variables, with lake density and size
also important for some species. Distribution models for Eurasian perch (Perca fluviatilis), rudd
(Scardinius erythrophthalmus) and tench (Tinca tinca) were substantially improved by the addition of
variables describing human population densities and lake accessibility. All seven species occurred most
frequently in lakes close to human population centres suggesting that human-mediated dispersal has
played at least some role in determining current distributions. Addition of a spatial variable, representing
the presence or absence of the modelled species within the broader catchment within which each lake is
located, improved the predictive performance of models for the brown bullhead catfish (Ameiurus
nebulosus), perch and rudd. This finding indicates that the current distributions of these species include
clusters of lakes within occupied' catchments, resulting in geographic patchiness that is independent of
the available environmental and human population predictors. This distribution has most likely resulted
from spread into accessible and suitable lakes from one or more initial liberation points, either by natural
dispersal along waterways or through human-assisted movement. Predictions to all mapped lakes
throughout New Zealand indicate (i) that the potential for future spread is greatest for catfish, perch and
rudd and (i) the high vulnerability to invasion for lakes along the east coast of both islands and in inland
montane regions of the South Island. Our results allow for improved identification of lakes likely to be
suitable for invasive fish species and which should therefore be accorded priority for surveillance; they
highlight in particular the potential for perch and catfish to establish in higher-elevation lakes distant from
human population centres.
Ckii: FRESHWATER BIOLOGY, 2016, 61(9):1522-1535)

Invasion of exotic piscivores causes losses of functional diversity and
functionally unique species in Japanese lakes

Matsuzaki, Shin-ichiro S.; Sasaki, Takehiro; Akasaka, Munemitsu

Human activities affect not only species richness (SR) but also functional diversity (FD), but the
consequences of species loss on FD may vary among communities. The loss of functionally unique
species can result in a greater loss of FD, undermining the long-term persistence of ecosystems. We
quantified the temporal changes in the SR and FD of native fish communities at the lake and drainage
basin scales (N=45), and investigated the relationships among these declines in SR and FD,
anthropogenic drivers, and lake morphometric characteristics. We also simulated random species loss

and compared the observed FD to the expected FD to examine whether losses of functionally unique
20



MaHEHLE (49 A7)

species from the lakes and drainage basins had occurred. Overall, SR and FD at the lake scale

decreased by 72.1 and 75.5% from historical to current (since 2000) time periods, respectively, but the
loss rates were mitigated at the drainage basin scale because some of the species that have
disappeared from lakes persist in the surrounding waterbodies. Of the drivers we considered, the
richness of exotic piscivores was the most important predictor of changes in both SR and FD. Increases
in exotic piscivore richness reduced the SR and FD. The consequences of species loss on FD varied
among the lakes. Loss of functionally unique species at the lake scale occurred in 18 lakes and tended to
be associated with increased exotic piscivore richness. In 5 of the 18 lakes, however, functionally unique
species persist in the surrounding waterbodies. The persistence of these species may have the potential
to increase the FD of lake fish communities. Our findings suggest the importance of the strategic
management of exotic piscivores and interconnections between lakes and their surrounding waterbodies
to ensure the persistence of native fish assemblages and associated ecological functionality.
CRJ: FRESHWATER BIOLOGY, 2016, 61(7): 1128-1142)

Why do reed beds decline and fail to re-establish? A case study of
Dutch peat lakes

Vermaat, Jan E.; Bos, Bas; Van Der Burg, Peter

The decline in emergent reed beds in eutrophic shallow lakes in Europe has been linked to multiple
factors, such as adverse water and sediment quality, shoreline development and fixed water level
preventing recolonisation, recreational disturbances and herbivory by geese and muskrat. This study
analyses the relative importance of these factors in a historical context and tests experimentally what
currently may prevent the re-establishment of emergent reed beds. We examined the historical extent of
emergent reed stands (1925-2013) in relation to long-term time series of lakeside housing development
(1920-2013), abundance of greylag geese (Anser anser) and muskrat (Ondatra zibethicus) as well as
water quality (1977-2013) for the shallow lowland peat lake district of Reeuwijk in The Netherlands. In
addition, we carried out a comparative survey to generalise our results and an exclosure experiment to
test whether current muskrat grazing pressure may hamper restoration efforts. A steady, linear decline in
the extent of emergent reed beds over time corresponded significantly with a similar increase in lakeside
house density. We found no correlation with herbivore stocks or water quality parameters. In the
exclosures, rapid expansion of common reed (Phragmites australis), branched bur-reed (Sparganium
erectum) and submerged pondweeds (Potamogeton spp.) occurred, suggesting muskrat herbivory as a
factor-limiting emergent reed re-establishment in the foreshore. A combined understanding of the
different roles of slow, long-term pressures (such as housing development) and present constraints (the
continuous grazing pressure by muskrat despite a culling program) is crucial to the successful restoration

of reed beds in shallow lakes.

(SkJE: FRESHWATER BIOLOGY, 2016, 61(9):1580-1589)

The impact of bird herbivory on macrophytes and the resilience of the
clear-water state in shallow lakes: a model study

Van Altena, Cassandra; Bakker, Elisabeth S.; Kuiper, Jan J.; et al.
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Shallow lakes have the potential to switch between two alternative stable states: a clear
macrophyte-dominated and a turbid phytoplankton-dominated state. Observational and experimental
studies show that in some lakes herbivory by birds may severely decrease macrophyte biomass, while in
other lakes, the removed biomass by herbivory is compensated by regrowth. These contradictory
outcomes might arise because of interplay between top-down control by bird herbivory and bottom-up
effects by nutrient loading on macrophytes. Here, we use the ecosystem model PCLake to study
top-down and bottom-up control of macrophytes by coots and nutrient loading. Our model predicted that
(1) herbivory by birds lowers the critical nutrient loading at which the regime shift occurs; (2) bird impact
on macrophyte biomass through herbivory increases with nutrient loading; and (3) improved food quality
enhances the impact of birds on macrophytes, thus decreasing the resilience of the clear-water state
even further. The fact that bird herbivory can have a large impact on macrophyte biomass and can
facilitate a regime shift implies that the presence of waterfowl should be taken into account in the

estimation of critical nutrient loadings to be used in water quality management.

Ck¥E: HYDROBIOLOGIA, 2016, 777(1):197-207)

Hydrology-driven macrophyte dynamics determines the ecological
functioning of a model Mediterranean temporary lake

Camacho, Antonio; Murueta, Nayeli; Blasco, Elena; et al.

The community composition and metabolism of Mediterranean temporary lakes are sensitive to
meteorology, determining the length of the flooded period and water depth. We studied the biological
communities and metabolism of Laguna de Talayuelas, a Mediterranean temporary lake selected as a
model to disentangle key ecological processes. The development and activity of hydrophytes were
determined by hydrology. Water depth favoured differential development of emerged-floating versus
submerged species. Rooted macrophytes, especially Ranunculus, extracted nutrients from the
sediments, making them bioavailable for phytoplankton after senescence. During the studied period the
lake showed three functional phases. The first period, with low water depth, was governed by autotrophic
processes and coincided with the development of submerged macrophytes. These accounted for most
lake's productivity, and a highly diverse community was maintained. A second phase occurred by late
spring, coinciding with a sudden increase of the water depth after strong rainfalls; then submerged
macrophytes decayed and decomposed, and respiration increased. The lake had a net heterotrophic
behaviour and biodiversity decreased. During the third period, in summer, nutrients released from
macrophytes decomposition favoured phytoplankton blooms. The system turned to net autotrophy but
now based on phytoplankton photosynthesis. Floating macrophytes developed, though the benthic
component maintained net heterotrophy.

CkJH: HYDROBIOLOGIA, 2016, 774(1):93-107)

Connectivity restoration of floodplain lakes: an assessment based on
macroinvertebrate communities

Obolewski, Krystian; Glinska-Lewczuk, Katarzyna; Ozgo, Malgorzata; et al.

Successful rehabilitation programmes of river-floodplain systems require understanding of environmental
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impacts of restoring hydrological connectivity. The present study is based on a field experiment carried
out between 2008 and 2013 in a floodplain of a lowland river in northern Poland, in which two oxbow
lakes isolated in the 1920s were reconnected to the main river channel. Water and macroinvertebrate
samples were collected three to four times a year from six sites (n = 114). After reconnection, water
quality in the oxbow lakes improved and diversity and abundance of macrozoobenthos increased,
especially the density of Oligochaeta, Malacostraca, Trichoptera, Bivalvia and Gastropoda, while the
density of Diptera decreased. Water flow and physico-chemical variables were the most important factors
explaining their variance. A direct inflow of water into the reconnected oxbow lakes occurred only during
the first 2 years of the study, followed by silting and overgrowing of the inlet to the upper arm. We
propose that creating semi-lotic side channels connected to the river with one arm and only occasionally
flushed with fresh river water is one of the most effective restoration strategies. However, at the whole

river scale, the maintenance of diversified hydrological connections is the optimal solution.

CkJE: HYDROBIOLOGIA, 2016, 774(1):23-37)

Past, present and future of the fish community of Lake Orta (Italy), one
of the world's largest acidified lakes

Volta, Pietro; Yan, Norman D.; Gunn, John M

Since 1926, the fishes in Lake Orta, one of ltaly's deepest natural lakes, were heavily damaged by
profundal hypoxia and acidification linked to oxidation of ammonia from industrial effluents and by
industrial metal pollution. Of the original 28 fish species, only perch survived the lake's contamination.
Recently, the water quality of the lake has been largely restored by reductions in pollutant inputs, and a
massive liming intervention. These interventions restored fish habitat, but it is unclear whether the recent
fish reintroductions were successful, and the present status of the fish community is unknown. Here we
reviewed the history of the Lake Orta fish assemblage. Using an extensive 2014 sampling campaign, we
compared the present fish community to both its pre-pollution composition and to the assemblages of
nearby un-polluted, but otherwise similar lakes, Lake Mergozzo and Lake Maggiore. While nearshore fish
density now appears normal in lake Orta, the open water community remains impoverished both in
numbers and in species. Epilimnetic and hypolimnetic benthic nets were dominated by perch and roach
in all the three lakes, but the catch of pelagic nets differed among lakes. Perch (Perca fluviatilis), rudd
(Scardinius erythrophthalmus) and brown trout (Salmo trutta) dominated in Lake Orta while shad (Alosa
fallax lacustris) and coregonids (Coregonus spp.) were dominant in the open waters of the other two
lakes, but missing from Lake Orta. Many fully or partially migratory species, including marble trout (Salmo
trutta marmoratus), eel (Anguilla Anguilla) and barbel (Barbus plebejus) were also missing from Lake
Orta, a consequence of their initial extirpation and blocked re-colonization routes along the River Strona.
In comparison with both pre-pollution and contemporary reference data, the fish community of Lake Orta
has not been rehabilitated. The recovery of the littoral community is complete, but cold water species
such as burbot (Lota lota), Arctic charr (Salvelinus alpinus) and bullhead (Cottus gobio) are still lacking,
as are the pelagic zooplanktivores European whitefish (Coregonus lavaretus) and shad, which dominate
offshore communities in the reference lakes, as they did a century ago in Lake Orta. To propose priorities
for fish community rehabilitation in Lake Orta, we categorized the conservation, ecological and fishing
values of each missing fish species in the lake, and evaluated the cost and probability of success of the

needed intervention for each species. This analysis indicated that rehabilitation of shad and European
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whitefish should receive highest priority.

CRJE: JOURNAL OF LIMNOLOGY, 2016, 75(S2):131-141)

Human development modifies the functional composition of lake
littoral invertebrate communities

Twardochleb, Laura A.; Olden, Julian D

Residential shoreline and watershed development by humans are leading agents of environmental
change in lake ecosystems that reduce abundances and diversity of littoral invertebrates. Invertebrate
functional and life history traits are robust indicators of environmental quality and ecosystem functioning,
yet surprisingly few studies have utilized trait-based approaches to assess impacts of human
development to lake littoral communities. We assessed environmental characteristics of human
development that impact functional diversity and structure the trait composition of invertebrate
communities in lakes of northwestern United States. Multiple linear regressions revealed that functional
diversity declined with increasing watershed development, lake total phosphorus, and littoral macrophyte
cover. Results from multivariate constrained ordination and fourth corner analysis indicated that high
phosphorus concentrations and abundant macrophyte cover removed taxa with semivoltine life histories
and filter feeders from lake communities, and that both regional ecosystem and local habitat
characteristics of human development were important determinants of invertebrate community structure.
Human development had particularly pronounced effects on invertebrate communities in the sublittoral
zone, for which overall community abundances declined. Our study indicates that human development
favors lake communities dominated by multivoltine taxa and herbivores, which may have important
implications for energy flow among terrestrial, littoral, and pelagic food webs..
CRJE: HYDROBIOLOGIA, 2016, 775(1):167-184)

Terrestrial carbohydrates support freshwater zooplankton during
phytoplankton deficiency

Sami J. Taipale; Aaron W. E. Galloway; Sanni L. Aalto; et al

Freshwater food webs can be partly supported by terrestrial primary production, often deriving from plant
litter of surrounding catchment vegetation. Although consisting mainly of poorly bioavailable lignin, with
low protein and lipid content, the carbohydrates from fallen tree leaves and shoreline vegetation may be
utilized by aquatic consumers. Here we show that during phytoplankton deficiency, zooplankton
(Daphnia magna) can benefit from terrestrial particulate organic matter by using terrestrial-origin
carbohydrates for energy and sparing essential fatty acids and amino acids for somatic growth and
reproduction. Assimilated terrestrial-origin fatty acids from shoreline reed particles exceeded available
diet, indicating that Daphnia may convert a part of their dietary carbohydrates to saturated fatty acids.
This conversion was not observed with birch leaf diets, which had lower carbohydrate content.
Subsequent analysis of 21 boreal and subarctic lakes showed that diet of herbivorous zooplankton is
mainly based on high-quality phytoplankton rich in essential polyunsaturated fatty acids. The proportion
of low-quality diets (bacteria and terrestrial particulate organic matter) was <28% of the assimilated
carbon. Taken collectively, the incorporation of terrestrial carbon into zooplankton was not directly related
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to the concentration of terrestrial organic matter in experiments or lakes, but rather to the low availability
of phytoplankton.
CEJE: SCIENTIFIC REPORTS, 2016, doi:10.1038/srep30897)

Arrive, survive and thrive: essential stages in the re-colonization and
recovery of zooplankton in urban lakes in Sudbury, Canada

Yan, Norman D.; Bailey, John; Mcgeer, James C.; et al.

The recovery of lakes from severe, historical acid and metal pollution requires that colonists of extirpated
species arrive, survive and subsequently thrive. We employed 40 year records from weekly to monthly
crustacean zooplankton samples from Middle and Clearwater lakes near Sudbury, Canada, to identify
the main mechanistic bottlenecks in this recovery process. While both lakes now have circum-neutral pH,
acidity decreased more rapidly in Middle Lake because of past liming interventions, while Clearwater
Lake, being larger and supporting more housing, likely receives more zooplankton colonists than Middle
Lake. Community richness increased much faster in Middle Lake than in Clearwater Lake, at 1.6 vs 0.9
species decade(-1), respectively. Richness has recovered in Middle Lake, when assessed against a
target of 9-16 species collection(-1) determined from regional reference lakes, but it has not yet
recovered in Clearwater Lake. Species accumulation curves and a metric of annual persistence show
that this difference is a product not of greater rates of species introduction into Middle Lake, but rather to
their greater annual persistence once introduced. Greater annual persistence was associated with better
habitat quality (i.e., lower acid and metal toxicity) in Middle Lake, particularly early in the record, and
lower planktivore abundance, more recently. These results support a growing consensus that ecological
recovery of zooplankton from acidification and metal pollution does not depend strongly on propagule
introduction rates which are adequate, but rather on propagule persistence, in lake-rich, suburban
landscapes such as those near Sudbury.
(K : JOURNAL OF LIMNOLOGY, 2016, 75(S2): 4-14)

Environmental heterogeneity among lakes promotes hyper -diversity
across phytoplankton communities

Maloufi, Selma; Catherine, Arnaud; Mouillot, David; et al.

The extent to which stochastic and deterministic processes influence variations in species communities
across space and time remains a central question in theoretical and applied ecology. Despite their high
dispersal ability, the composition of phytoplankton communities displays striking spatial variations among
lakes even at small spatial scale. To investigate the mechanisms underlying the distribution of
phytoplankton species, we evaluate the contribution of stochastic, spatial and environmental processes
in determining -diversity patterns of phytoplankton at a regional scale. Phytoplankton communities were
surveyed in 50 different lakes from north-central France, a region characterised by strong environmental
heterogeneity. The regional species pool was characterised by extremely high -diversity levels, which
were mainly explained by species replacement (i.e. turnover) rather than by differences in species
richness (i.e. nestedness). Null models of random species distribution and spatial processes failed to
explain observed -diversity patterns. At the opposite, local environmental conditions strongly influenced

the degree of uniqueness of local phytoplankton communities, with the most contrasted environments,
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including human-dominated areas, promoting highly distinct phytoplankton communities. Our results

suggest that species-sorting mechanisms that arise from variations in local environmental conditions
drive high species turnover at the region scale. Thus, in a landscape strongly impacted by cultural
eutrophication, further anthropogenic impacts on aquatic ecosystems would likely induce regional
homogenisation of phytoplankton communities. Overall, our study supports the fact that the management
of lakes and reservoirs in anthropic landscapes should aim at maintaining environmental heterogeneity
while preventing further eutrophication in order to favour the maintenance of high phytoplankton beta-
and gamma-diversity.
CkiJi: FRESHWATER BIOLOGY, 2016, 61(5): 633-645)

Benthic-pelagic coupling drives non-seasonal zooplankton blooms and
restructures energy flows in shallow tropical lakes

Burian, Alfred; Schagerl, Michael; Yasindi, Andrew; et al.

Zooplankton blooms are a frequent phenomenon in tropical systems. However, drivers of bloom
formation and the contribution of emerging resting eggs are largely unexplored. We investigated the
dynamics and the triggers of rotifer blooms in African soda-lakes and assessed their impact on other
trophic levels. A metaanalysis of rotifer peak densities including abundances of up to 6 X 10(5)
individuals L-1 demonstrated that rotifer bloom formation was uncoupled from the food environment and
the seasonality of climatic conditions. A time series with weekly sampling intervals from Lake Nakuru
(Kenya) revealed that intrinsic growth factors (food quality and the physicochemical environment)
significantly affected rotifer population fluctuations, but were of minor importance for bloom formation.
Instead, rotifer bloom formation was linked to sediment resuspension, a prerequisite for hatching of
resting-eggs. Population growth rates exceed pelagic birth rates and simulations of rotifer dynamics
confirmed the quantitative importance of rotifer emergence from the sediment egg-bank and signifying a
decoupling of bloom formation from pelagic reproduction. Rotifer blooms led to a top-down control of
small-sized algae and facilitated a switch to more grazingresistant, filamentous cyanobacteria. This shift
in phytoplankton composition cascaded up the food chain and triggered the return of filter-feeding
flamingos. Calculations of consequent changes in the lake's energy budget and export of aquatic primary
production to terrestrial ecosystems demonstrated the large potential impact of nonseasonal
disturbances on the functioning of shallow tropical lakes.
CRJE: LIMNOLOGY AND OCEANOGRAPHY, 2016, 61(3): 795-805)

Phytoplankton, macrophytes and benthic diatoms in lake classification:
Consistent, congruent, redundant? Lessons learnt from WFD-compliant
monitoring in Poland

Kolada, Agnieszka; Pasztaleniec, Agnieszka; Bielczynska, Aleksandra; et al.
The lake monitoring programme compliant with the Water Framework Directive has been implemented in
Poland since 2007. Currently, the methods for three biological quality elements (BQESs): phytoplankton

(the Phytoplankton Multimetric for Polish Lakes, PMPL), macrophytes (the Ecological State Macrophyte
Index, ESMI) and phytobenthos (the Diatom Index for Lakes, 10J) are officially applied and internationally
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intercalibrated. Based on the monitoring data from 256 lakes surveyed in 2010-2013 and assessed for all

the three BQESs, we tested whether the assessment results obtained by the three biological methods
were consistent and we searched for the causes of inconsistencies which we found. The lake
classifications obtained from the PMPL and ESMI were highly consistent and the relationship between
these metrics was relatively strong (R=0.66, p < 0.001). Both metrics correlated equally strongly with
water quality indicators. However, the PMPL and ESMI indicated systematic dissimilarities in the
sensitivity to eutrophication between shallow and deep lakes. In shallow lakes, the alarming symptoms of
macrophyte community deterioration (lower values of ESMI) occurred at lower nutrient and Chla
concentrations and were accompanied by a better status of phytoplankton (higher values of PMPL) than
in deep lakes that can be explained by a synergistic effect of inorganic suspended solids and algal
growth on water transparency. As a consequence, the positions of phytoplankton and macrophytes as
early warning indicators in the eutrophication gradient in shallow lakes were inverted compared to those
in deep lakes. Compared to the PMPL and ESMI, the 10J method gave the least stringent assessment
results, with 22% of lakes failing to meet the environmental objectives. The relationships between 10j and
PMPL, and ESMI were relatively weak (R=0.17, p = 0.008 and R=0.17, p = 0.007, respectively).
Moreover, the phytobenthos index 10J correlated significantly more weakly with all the water quality
indicators than either PMPL or ESMI did. The poor performance of the phytobenthos method in this study
may suggest a limited indicator value of this BQE for lake assessment or inappropriate sampling design.
CRJH: LIMNOLOGICA, 2016, 59:44-52)

The persistence of cyanobacterial (Microcystis spp.) blooms
throughout winter in Lake Taihu, China

Ma, Jianrong; Qin, Bogiang; Paerl, Hans W.; et al.

Temperature is generally considered as a key factor controlling algal bloom formation. Previous studies
have indicated that the bloom-forming cyanobacteria Microcystis spp. overwinters near the sediment
surface and does not actively grow below 15 degrees C. However, satellite images and field collections
from Lake Taihu, China have shown that Microcystis spp. blooms persisted when water temperatures
were below 10 degrees C during winter, although their magnitudes were smaller than during periods of
higher temperature. Winter Microcystis cells maintained low activity and were able to grow again when
exposed to elevated temperatures (>= 12.5 degrees C). Hence, cyanobacterial blooms may appear
year-round in eutrophic lakes. Temperature increases coupled with nutrient enrichment promoted the
growth of cyanobacteria, while low temperature decreased the loss rate of Microcystis, allowing winter
blooms to persist. High concentrations of overwintering vegetative cells may provide a large inoculum for
blooms during warmer seasons. Controlling winter blooms may reduce their magnitude during the
warmer seasons.

CRJ&: LIMNOLOGY AND OCEANOGRAPHY, 2016, 61(2): 711-722)

Rapid adaptation of harmful cyanobacteria to rising CO>

Giovanni Sandrini; Xing Ji; Jolanda M. H. Verspagen; et al.

Rising atmospheric CO2 concentrations are likely to affect many ecosystems worldwide. However, to

what extent elevated CO2 will induce evolutionary changes in photosynthetic organisms is still a major
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open question. Here, we show rapid microevolutionary adaptation of a harmful cyanobacterium to
changes in inorganic carbon (Ci) availability. We studied the cyanobacterium Microcystis, a notorious
genus that can develop toxic cyanobacterial blooms in many eutrophic lakes and reservoirs worldwide.
Microcystis displays genetic variation in the Ci uptake systems BicA and SbtA, where BicA has a low
affinity for bicarbonate but high flux rate, and SbtA has a high affinity but low flux rate. Our laboratory
competition experiments show that bicA + sbtA genotypes were favored by natural selection at low CO:2
levels, but were partially replaced by the bicA genotype at elevated CO2 Similarly, in a eutrophic lake,
bicA + sbtA strains were dominant when Ci concentrations were depleted during a dense cyanobacterial
bloom, but were replaced by strains with only the high-flux bicA gene when Ci concentrations increased
later in the season. Hence, our results provide both laboratory and field evidence that increasing carbon
concentrations induce rapid adaptive changes in the genotype composition of harmful cyanobacterial
blooms.
CRIE: PNAS, 2016, 113(33): 9315-9320)

Comparison and Interpretation of Taxonomical Structure of Bacterial
Communities in Two Types of Lakes on Yun-Gui plateau of China

Maozhen Han; Yanhai Gong; Chunyu Zhou; et al

Bacterial communities from freshwater lakes are shaped by various factors such as nutrients, pH value,
temperature, etc. Their compositions and relative abundances would undergo changes to adapt the
changing environments, and in turn could affect the environments of freshwater lakes. Analyses of the
freshwater lake’s bacterial communities under different environments would be of pivotal importance to
monitor the condition of waterbody. In this study, we have collected freshwater samples from two lakes
on Yun-Gui plateau of China, Lake Dianchi and Lake Haixihai, and analyzed the bacterial community
structures from these samples based on 16S rRNA sequencing. Results have shown that: Firstly, the
bacterial community of these samples have very different taxonomical structures, not only between two
lakes but also among the intra-groups for samples collected from Dianchi. Secondly, the differences
between samples from two lakes are highly associated with the chemical-geographical properties of the
two lakes. Thirdly, for samples of Dianchi and Haixihai, analytical results of physicochemical,
taxonomical structure and relative abundance of community revealed that extreme physicochemical
factors caused by human activities have strongly affected the bacterial ecosystem in Dianchi. These
results have clearly indicated the importance of combining biological profiling and chemical-geographical
properties for monitoring Chinese plateau freshwater bacterial ecosystem, which could provide clues for
Chinese freshwater ecosystem remediation on plateau.
CKJE: SCIENTIFIC REPORTS, 2016, doi:10.1038/srep30616)

Surveys, simulation and single-cell assays relate function and
phylogeny in a lake ecosystem

Sarah P. Preheim; Scott W. Olesen; Sarah J. Spencer; et al.

Much remains unknown about what drives microbial community structure and diversity. Highly structured
environments might offer clues. For example, it may be possible to identify metabolically similar species

as groups of organisms that correlate spatially with the geochemical processes they carry out. Here, we
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use a 16S ribosomal RNA gene survey in a lake that has chemical gradients across its depth to identify
groups of spatially correlated but phylogenetically diverse organisms. Some groups had distributions
across depth that aligned with the distributions of metabolic processes predicted by a biogeochemical
model, suggesting that these groups performed biogeochemical functions. A single-cell genetic assay
showed, however, that the groups associated with one biogeochemical process, sulfate reduction,
contained only a few organisms that have the genes required to reduce sulfate. These results raise the
possibility that some of these spatially correlated groups are consortia of phylogenetically diverse and
metabolically different microbes that cooperate to carry out geochemical functions.
CRJE: NATURE MICROBIOLOGY, 2016, doi:10.1038/nmicrobiol.2016.130)

Impact of environmental factors on bacterial communities in floodplain
lakes differed by hydrological connectivity

Lew, Sylwia; Glinska-Lewczuk, Katarzyna; Burandt, Pawel; et al.

We analysed total bacterial number and mean volume of cells at three sites in each of ten floodplain
lakes in the Middle Basin of the Biebrza River, North-Eastern Poland to test bacterioplankton
communities change according to the distance to the river. The composition of the bacterial communities
was determined by fluorescent in situ hybridization method. Total number of bacteria in the lakes ranged
from 4.0 to 7.48 cells x 10(6) mL(-1) with dominance by Actinobacteria, the contribution of which was
positively correlated with water level. Old river channels (side-arms) featured Alpha- and
Gammaproteobacteria. The community of Betaproteobacteria was limited by concentration of dissolved
organic carbon. Archaea, in spite of a minor role (<3.65% of DAPI-4',6-diamidino-2-phenylindole) in the
communities, showed a positive relation to floodplain lake isolation. Multivariate analysis demonstrated
that bacterioplankton in riverine lakes was similar to that in rivers, while lakes with limited water exchange
showed a similarity to fertile lakes. Water level and nutrients were among the factors determining
bacterial community structure.
CK¥F: LIMNOLOGICA, 2016, 58: 20-29)

Accumulation of microcystins in a dominant Chironomid Larvae
(Tanypus chinensis) of a large, shallow and eutrophic Chinese lake,
Lake Taihu

Qingju Xue; Xiaomei Su; Alan D. Steinman; et al

Although there have been numerous studies on microcystin (MC) accumulation in aquatic organisms
recently, the bioaccumulation of MCs in relatively small sized organisms, as well as potential influencing
factors, has been rarely studied. Thus, in this study, we investigated the bioaccumulation of three MC
congeners (-LR, -RR and -YR) in the chironomid larvae of Tanypus chinensis (an excellent food source
for certain fishes), the potential sources of these MCs, and potentially relevant environmental parameters
over the course of one year in Lake Taihu, China. MC concentrations in T. chinensis varied temporally
with highest concentrations during the warmest months (except August 2013) and very low
concentrations during the remaining months. Among the three potential MC sources, only intracellular
MCs were significantly and positively correlated with MCs in T. chinensis. Although MC concentrations in
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T. chinensis significantly correlated with a series of physicochemical parameters of water column,

cyanobacteria species explained the most variability of MC accumulation, with the rest primarily
explained by extraMC-LR. These results indicated that ingestion of MC-producing algae of cyanobacteria
accounted for most of the MC that accumulated in T. chinensis. The high MC concentrations in T.
chinensis may pose a potential health threat to humans through trophic transfer.

CRiE: SCIENTIFIC REPORTS, 2016, doi:10.1038/srep31097)

Microscale decoupling of sediment oxygen consumption and microbial
biomass in an oligotrophiclake

Jeske, Jan Torsten; Muller, Roger A.; Wendeberg, Annelie; et al.

Sediments of aquatic ecosystems are hotspots for biological activity. Here, we address the question if,
within surface sediments, oxygen consumption is linearly related to cell abundance. In addition, we
identify habitat-specific factors influencing underlying microbial processes. Sediment microcosms were
established from three sites within oligotrophic Lake angstrom nnsjon, Sweden, to use microsensors for
measuring oxygen profiles and estimate spatially resolved oxygen consumption rates at the
water-sediment interfaces. To evaluate differences between habitats, we measured sediment carbon
content and C:N:P as a proxy for diagenetic state and organic matter bioavailability. Epifluorescence
microscopy was used to assess the microscale distribution and size of surface-colonising
microorganisms. There was no linear correlation between oxygen consumption rates and microbial cell
abundances. Cell-specific respiration rates were highest in the profundal compared to the littoral- and
inflow-sediment microcosms, whereas vertical variability in all these parameters was highest at the inflow,
intermediate in the littoral and least variable in profundal sediments. lllumina sequencing of spatially
resolved 16SrRNA genes was used to test for possible influence of bacterial diversity on spatially
resolved oxygen consumption rates. Bacterial -diversity decreased over depth at each site, but was also
lower in sediments from the most active profundal zones of the lake compared to the inflow. We suggest
that bacteria in profundal sediments mainly use highly oxidised organic compounds, resulting in overall
low growth yield despite high metabolic activity. In the lake inflow and the littoral, more reduced organic

substrates of terrestrial origin are used at lower rates but with higher yield.

(CkJF: FRESHWATER BIOLOGY, 2016, 61(9):1477-1491)

Distribution patterns and environmental correlates of Thaumarchaeota
abundance in six deep subalpine lakes

Callieri, Cristiana; Hernandez-Aviles, Salvador; Salcher, Michaela M.; et al.

The presence of the mesophilic Thaumarchaeota (Thaum) in deep lakes seems to be restricted to
oligotrophic lakes, where they have been found in the deep hypolimnion. We evaluated the vertical
distribution of Thaum in six subalpine deep lakes, in spring and summer, to ascertain if there was a
Thaum vertical gradient common to all the lakes in the region, possibly related to lake mixing and
stratification. We examined nine environmental variables potentially correlated with Thaum abundance.
Thaum abundance ranged from 0.61 x 10(3) to 236 x 10(3) cells mL(-1), representing between 0.02 and
19 % of total prokaryotic cells, in the six lakes across different seasons. Although their absolute and
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relative abundance varied along the trophic gradient and with mixing conditions, a general pattern
common to all the deep lakes was observed. In summer, the abundance of Thaum significantly increased
with depth in all the lakes. Temperature emerged as the main environmental correlate of Thaum
abundance in deep subalpine lakes. In spring, at low water temperature their abundance was
significantly higher in warmer lakes and lower in colder lakes. Conversely, in summer, the correlation with
temperature was inverse and Thaum thrived preferentially in the colder hypolimnion.

(k¥: AQUATIC SCIENCES, 2016, 78(2): 215-225)

Microbial and diagenetic steps leading to the mineralisation of Great
Salt Lake microbialites

Aurélie Pace; Raphaél Bourillot; Anthony Bouton; et al.

Microbialites are widespread in modern and fossil hypersaline environments, where they provide a
unique sedimentary archive. Authigenic mineral precipitation in modern microbialites results from a
complex interplay between microbial metabolisms, organic matrices and environmental parameters.
Here, we combined mineralogical and microscopic analyses with measurements of metabolic activity in
order to characterise the mineralisation of microbial mats forming microbialites in the Great Salt Lake
(Utah, USA). Our results show that the mineralisation process takes place in three steps progressing
along geochemical gradients produced through microbial activity. First, a poorly crystallized Mg-Si phase
precipitates on alveolar extracellular organic matrix due to a rise of the pH in the zone of active oxygenic
photosynthesis. Second, aragonite patches nucleate in close proximity to sulfate reduction hotspots, as a
result of the degradation of cyanobacteria and extracellular organic matrix mediated by, among others,
sulfate reducing bacteria. A final step consists of partial replacement of aragonite by dolomite, possibly in
neutral to slightly acidic porewater. This might occur due to dissolution-precipitation reactions when the
most recalcitrant part of the organic matrix is degraded. The mineralisation pathways proposed here
provide pivotal insight for the interpretation of microbial processes in past hypersaline environments.
CKJF: SCIENTIFIC REPORTS, 2016, doi:10.1038/srep31495)

Lake-type-specific seasonal patterns of nutrient limitation in German
lakes, with target nitrogen and phosphorus concentrations for good
ecological status

Dolman, Andrew M.; Mischke, Ute; Wiedner, Claudia

1. Eutrophication is a global environmental problem that leaves many lakes with impaired ecological
status. Human activity has increased the total concentrations of both nitrogen and phosphorus in aquatic
systems, but their relative influence on phytoplankton biomass is uncertain. Their action as alternative
limiting resources complicates assessment of their relative influence and disagreement may be in part
due to seasonal shifts and lake-type-specific differences in the prevalence of limitation by nitrogen versus
phosphorus. Debate continues as to whether measures to reduce nitrogen would be beneficial in addition
to controls placed on phosphorus.

2. We used a piecewise model to test whether total nitrogen (TN) concentrations, in addition to total

phosphorus (TP), influence phytoplankton biomass in 369 lowland German lakes. The piecewise model
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predicts biomass from TN for low N : P ratio lakes, and from TP for high N : P ratio lakes. We tested three
N : P mass ratios to divide lakes: dissolved inorganic nitrogen to TP (DIN : TP), DIN to dissolved reactive
phosphorus (DIN : DIP) and TN : TP. TN was a better predictor of biomass than TP when either the DIN :
TP ratio was below 1.6, DIN : DIP was below 8.4, or TN : TP below 29; predictions were most accurate
when using the DIN : TP ratio.

3. To investigate seasonal and lake-type-specific patterns of N and P limitation, we used the DIN : TP
ratio, together with absolute concentrations of DIN and DIP, to predict the limiting nutrient at each lake in
each month of the vegetation period. N limitation was much more common in polymictic than stratified
lakes. While a high proportion of both stratified and polymictic lakes were P limited in early spring
(60-70%), for polymictic lakes, we found a strong shift from P limitation to N limitation in summer: more
than 50% of polymictic lakes were N limited between June and September and only 15-30% were P
limited.

4. To obtain lake-type-specific nutrient targets we estimated the average TN and TP concentrations at
which lakes of different types achieved good ecological status according to EU water framework directive
criteria. Stratified lakes achieved good ecological status at concentrations of 400-500 mu g L-1 TN or
20-35 mu g L-1 TP, while for polymictic lakes values of 500-1000 mu g L-1 TN, or 35-75 mu g L-1 TP

were required.

5. We estimate that nitrogen has an important influence on phytoplankton biovolume, and thus ecological
status, for many polymictic lakes in Germany. While there is some uncertainty in the nutrient targets
required to achieve good ecological status, this uncertainty is small compared with the range of
concentrations currently observed, and lakes with moderate or worse status have concentrations of both
TN and TP that are far above these current target estimates.

(kJE: FRESHWATER BIOLOGY, 2016, 61(4): 444-456)

Influence of glacial landform hydrology on phosphorus budgets of
shallow lakes on the Boreal Plain, Canada

Plach, Janina M.; Ferone, Jenny-Marie; Gibbons, Zabrina; et al.

A comparative study of three shallow lake catchments in contrasting glacial landscapes (coarse-textured
outwash, fine-textured-till hummocky moraines and glacio-lacustrine clay-till plains) demonstrated a
distinct landform control on the proportion and type of surface and groundwater sources influencing total
phosphorus ([P]) and total dissolved phosphorus ([DP]) concentrations, and P budgets of lakes on the
Boreal Plain of the Western Boreal Forest, Alberta, Canada. Lakes located on fine-textured landforms
had high [P] and [DP] (median 148 and 148 mu g L-1 glacio-lacustrine plains; 99 and 63 mu g L-1
moraine, respectively) linked to shallow groundwater loadings from near-surface peat with high [P] from
adjacent wetlands. In contrast, the lowest lake [P] and [DP] (median 50 and 11 mu g L-1, respectively)
occurred on the coarse-textured landform, reflecting greater inputs of deep mineral-groundwater with low
[P] from quartz-rich substrates. Annual lake P budgets reflected lake connectivity to the surrounding
landform and relative contributions of P by surface versus groundwater. They also reflected distinct
scales of groundwater (larger-scale versus short, shallow-flow paths) with differing [P] between landform
types and occurrence of internal biogeochemical P cycling within landforms. A regional lake survey
reflected trends from the catchment-scale, linking landform type to potential P sources as well as
32
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topographic position to potential trophic status across the Boreal Plain. Together, the results provide a

conceptual framework for the scale of interactions between lakes and surrounding source waters
influencing P loadings in differing hydrogeological landscapes, important to management strategies and
predicting impacts of land-use disturbances on productivity of Boreal Plain lakes.

CkJF: JOURNAL OF HYDROLOGY, 2016, 535: 191-203)

Dissolved organic carbon and its potential predictors in eutrophic lakes

Toming, Kaire; Kutser, Tiit; Tuvikene, Lea; et al.

Understanding of the true role of lakes in the global carbon cycle requires reliable estimates of dissolved
organic carbon (DOC) and there is a strong need to develop remote sensing methods for mapping lake
carbon content at larger regional and global scales. Part of DOC is optically inactive. Therefore, lake
DOC content cannot be mapped directly. The objectives of the current study were to estimate the
relationships of DOC and other water and environmental variables in order to find the best proxy for
remote sensing mapping of lake DOC. The Boosted Regression Trees approach was used to clarify in
which relative proportions different water and environmental variables determine DOC. In a studied large
and shallow eutrophic lake the concentrations of DOC and coloured dissolved organic matter (CDOM)
were rather high while the seasonal and interannual variability of DOC concentrations was small. The
relationships between DOC and other water and environmental variables varied seasonally and inter
annually and it was challenging to find proxies for describing seasonal cycle of DOC. Chlorophyll a (Chl
a), total suspended matter and Secchi depth were correlated with DOC and therefore are possible
proxies for remote sensing of seasonal changes of DOC in ice free period, while for long term interannual
changes transparency-related variables are relevant as DOC proxies. CDOM did not appear to be a good
predictor of the seasonality of DOC concentration in Lake Vortsjarv since the CDOM DOC coupling
varied seasonally. However, combining the data from Vortsjarv with the published data from six other
eutrophic lakes in the world showed that CDOM was the most powerful predictor of DOC and can be
used in remote sensing of DOC concentrations in eutrophic lakes.
CRiE: WATER RESEARCH, 2016,102:32-40)

Sediment-water interaction in phosphorus cycling as affected by
trophic states in a Chinese shallow lake (Lake Donghu)

Chen, Xi; Li, Hui; Hou, Jie; et al.

Lake sediment substantially accumulates nutrients, while little is known regarding the conditions under
which it tends to be a sink or source of phosphorus. It is postulated that the above functions were largely
dependent on trophic state. To test this hypothesis, composition, abundance, and size-spectrum of
phytoplankton were studied in a Chinese shallow lake (Lake Donghu), together with concentrations and
sorption behaviors of phosphorus in water column and sediment. Relationships among these variables
were also examined by structural equation model. In the basins with the lowest phosphorus
concentration, sediment was a phosphorus source as judged by equilibrium phosphorus concentration,
directly affecting the abundance of phytoplankton with smaller size. Contrastingly, in the basins with the
highest phosphorus concentration, sediment tended to uptake phosphorus, companied by the lowest

ratio of nitrogen to phosphorus, diversity, and evenness of phytoplankton with the smaller size one
33



MaAENE (49 A)

dominating. Oscillatoria sp. was directly affected by ammonia and phosphorus. Moreover, with a

balanced exchange of phosphorus between sediment and water column, phytoplankton increased
markedly with the highest diversity and evenness in the basins having intermediate phosphorus
concentration. Overall, trophic state modulated sediment functions to supply nutrient and was in turn

greatly affected by the sediment in shallow lakes.

CkJE: HYDROBIOLOGIA, 2016, 776(1):19-33)

Horizontal differences in ecosystem metabolism of a large shallow lake

Idrizaj, Agron; Laas, Alo; Anijalg, Urmas; et al.

The causes of horizontal differences in metabolic activities between lake zones are still poorly
understood. We carried out a two-year study of lake metabolism in two contrasting parts of a large
shallow lake using the open-water technique based on high-frequency measurements of dissolved
oxygen concentrations. We expected that the more sheltered and macrophyte-rich southern part of the
lake receiving a high hydraulic load from the main inflow will exhibit equal or higher rate of metabolic
processes compared to the open pelagic zone, and higher temporal variability, including, anomalous
metabolic estimates such as negative gross primary production (GPP) or community respiration (CR)
due to rapid water exchange. Our results showed that anomalous metabolic estimates occurred at both
stations with a similar frequency and were related rather to certain wind directions, which likely
contributed to stronger water exchange between the littoral and pelagic zones. Periods of auto- and
heterotrophy (daily mean NEP> or <0) had a 50:50 distribution at the Central Station while the
proportions were 30:70 at the Southern Station. High areal GPP estimated in our study exceeding nearly
twice the long-term average C-14 primary production, showed the advantages of the free-water
technique in integrating the metabolism of all communities, a large part of which has remained
undetected by the traditional bottle or chamber incubation techniques.
CKiF: JOURNAL OF HYDROLOGY, 2016, 535: 93-100)

Metabolic and physiochemical responses to a whole-lake experimental
increase in dissolved organic carbon in a north-temperate lake

Zwart, Jacob A.; Craig, Nicola; Kelly, Patrick T.; et al.

Over the last several decades, many lakes globally have increased in dissolved organic carbon (DOC),
calling into question how lake functions may respond to increasing DOC. Unfortunately, our basis for
making predictions is limited to spatial surveys, modeling, and laboratory experiments, which may not
accurately capture important whole-ecosystem processes. In this article, we present data on metabolic
and physio-chemical responses of a multiyear experimental whole-lake increase in DOC concentration.
Unexpectedly, we observed an increase in pelagic gross primary production, likely due to a small
increase in phosphorus as well as a surprising lack of change in epilimnetic light climate. We also
speculate on the importance of lake size modifying the relationship between light climate and elevated
DOC. A larger increase in ecosystem respiration resulted in an increased heterotrophy for the treatment
basin. The magnitude of the increase in heterotrophy was extremely close to the excess DOC load to the

treatment basin, indicating that changes in heterotrophy may be predictable if allochthonous carbon
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loads are well-constrained. Elevated DOC concentration also reduced thermocline and mixed layer depth

and reduced whole-lake temperature. Results from this experiment were quantitatively different, and
sometimes even in the opposite direction, from expectations based on cross-system surveys and bottle
experiments, emphasizing the importance of whole-ecosystem experiments in understanding ecosystem
response to environmental change.

CEJE: LIMNOLOGY AND OCEANOGRAPHY, 2016, 61(2): 723-734)

Inflow rate-driven changes in the composition and dynamics of
chromophoric dissolved organic matter in a large drinking water lake

Zhou, Yonggiang; Zhang, Yunlin; Jeppesen, Erik; et al.

Drinking water lakes are threatened globally and therefore in need of protection. To date, few studies
have been carried out to investigate how the composition and dynamics of chromophoric dissolved
organic matter (CDOM) in drinking water lakes are influenced by inflow rate. Such CDOM can lead to
unpleasant taste and odor of the water and produce undesirable disinfection byproducts during drinking
water treatment. We studied the drinking water Lake Qiandao, China, and found that the concentrations
of suspended particulate matter (SPM) in the lake increased significantly with inflow rate (p < 0.001).
Similarly, close relationships between inflow rate and the CDOM absorption coefficient at 350 nm a(350)
and with terrestrial humic-like fluorescence C3 and a negative relationship between inflow rate and the
first principal component (PC1) scores, which, in turn, were negatively related to the concentrations and
relative molecular size of CDOM (p < 0.001), i.e. the concentration and molecular size of CDOM entering
the lake increased proportionately with inflow rate. Furthermore, stable isotopes (delta D and delta O-18)
were depleted in the upstream river mouth relative to downstream remaining lake regions, substantiating
that riverine CDOM entering the lake was probably driven by inflow rate. This was further underpinned by
remarkably higher mean chlorophyll-a and in situ measured terrestrial CDOM fluorescence (365/480 nm)
and apparent oxygen utilization (AOU), and notably lower mean PC1 and CDOM spectral slope
(S275-295) recorded in the upstream river mouth than in the downstream main lake area. Strong
negative correlations between inflow rate and a(250):a(365), S275-295, and the spectral slope ratio (S-R)
implied that CDOM input to the lake in rainy period was dominated by larger organic molecules with a
more humic-like character. Rainy period, especially rainstorm events, therefore poses a risk to drinking

water safety and requires higher removal efficiency of CDOM during drinking water treatment processes.

CKJE: WATER RESEARCH, 2016,100:211-221)

Dynamic changes in the abundance and chemical speciation of
dissolved and particulate phosphorus across the river-lake interface in
southwest Lake Michigan

Lin, Peng; Guo, Laodong

Phosphorus (P) concentrations and primary production in the Great Lakes have declined since the 1980s,
but changes in biogeochemical cycling pathways of different P species remain poorly understood. Water
samples were collected for the measurements of different P species to examine the dynamics of P in the
water column across the river-lake interface from the Milwaukee River to open Lake Michigan. Dissolved
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inorganic P (DIP) concentrations were as high as 3049 nM in river waters, but decreased dramatically to
as low as 1167 nM in open lake waters. Total dissolved P was mostly measured in the form of DIP in river
waters (73% +/- 18%), whereas dissolved organic P (DOP) became the predominant species (85% +/-
18%) in lake waters. Colloidal P (>1 kDa) comprised 58% +/- 16% of the bulk DOP in river waters, but
decreased to 23% +/- 5% in ologotrophic lake waters, showing again contrasting biogeochemical
regimes between river and lake waters. Biological processes and coagulation/sedimentation were largely
responsible for the removal of river-derived P species and active transformation between inorganic and
organic P occurred in both dissolved and particulate phases across the river-lake interface. Increased
water column P inventory over the winter of 2013-2014 likely resulted from an accumulative effect of both
atmospheric and riverine inputs in the upper water column, and benthic nepheloid layer processes
coupled with quagga mussels excretion for the lower water column, respectively. High partition
coefficient values (logK(d) of 4.33-7.01) and a "particle concentration effect” on the partitioning of P
between dissolved and particulate phases attested the particle-reactive nature of P in lake waters.
CRJE: LIMNOLOGY AND OCEANOGRAPHY, 2016, 61(2): 771-789)

Increase in benthic trophic reliance on methane in 14 French lakes
during the Anthropocene

Belle, Simon; Millet, Laurent; Lami, Andrea; et al.

Lakes play a key role in the regulation of the global carbon cycle. However, their functioning can be
strongly impacted by anthropogenic pressures and climate variability. Understanding the response of the
carbon cycle to environmental changes remains a crucial, elusive goal for both ecosystem managers and
aquatic ecologists. In particular, the relations among lake physical and chemical properties, landscape
structure and lake carbon cycling must be studied to predict future trends in lake functioning. Sediment
cores were collected from the deepest part of 14 small French lakes that differed in lake properties
(elevation, conductivity, area, area of the watershed) and land-use class (forest, wetland, agricultural
land and urban area). The sampling strategy employed the top-bottom approach (a comparison between
present-day conditions and reference’ conditions at Medieval period, c. AD 1000). For each sample, the
following variables were analysed: isotopic carbon composition of sedimentary organic carbon
(C-13(0OM)), C-13 of chironomid remains (C-13(HC)), and sedimentary pigments (total carotenoids, TC).
Stepwise multiple regression analysis showed that the size of the catchment area may affect C-13(OM)
values for the Medieval samples (R-2=0.36, P<0.05), such that the flux of terrestrial organic matter
increases with the size of the watershed. However, this relation is not observed in the present-day
samples, and the influence apparently becomes largely anthropogenic. For these present-day samples,
the proportion of agricultural land in the watershed appears to be the primary driver of lake
biogeochemical cycles through a direct effect on nutrient availability (R-2=0.24, P<0.05) and through an
indirect effect on the benthic carbon cycle. The results also confirm the widespread existence of a
pathway for methane-derived carbon contribution to chironomid biomass (up to 61% of chironomid
biomass) and suggest that high-conductivity lakes are highly sensitive to the presence of this pathway
(more than 75% of the lakes in our dataset have benthic food webs apparently dependent on biogenic
methane; CH4). The results may indicate that the high-conductivity lakes (from the Jura Mountains) are
more vulnerable to anthropogenic activities than low-conductivity lakes because high-conductivity water

provides an excellent nutritive medium for the development of photoautotrophic production. Studying
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within-lake CH4 dynamics and the response of the CH4 cycle in high-conductivity lakes appear to be

crucial for understanding both regional carbon budgets and lake trophic functioning.
CKJ&: FRESHWATER BIOLOGY, 2016, 61(7): 1105-1118)

Methane emissions proportional to permafrost carbon thawed in
Arctic lakes since the 1950s

Katey Walter Anthony; Ronald Daanen; Peter Anthony; et al

Permafrost thaw exposes previously frozen soil organic matter to microbial decomposition. This process
generates methane and carbon dioxide, and thereby fuels a positive feedback process that leads to
further warming and thaw1. Despite widespread permafrost degradation during the past ~40 years2, 3, 4,
the degree to which permafrost thaw may be contributing to a feedback between warming and thaw in
recent decades is not well understood. Radiocarbon evidence of modern emissions of ancient permafrost
carbon is also sparse5. Here we combine radiocarbon dating of lake bubble trace-gas methane (113
measurements) and soil organic carbon (289 measurements) for lakes in Alaska, Canada, Sweden and
Siberia with numerical modelling of thaw and remote sensing of thermokarst shore expansion. Methane
emissions from thermokarst areas of lakes that have expanded over the past 60 years were directly
proportional to the mass of soil carbon inputs to the lakes from the erosion of thawing permafrost.
Radiocarbon dating indicates that methane age from lakes is nearly identical to the age of permafrost soll
carbon thawing around them. Based on this evidence of landscape-scale permafrost carbon feedback,
we estimate that 0.2 to 2.5Pg permafrost carbon was released as methane and carbon dioxide in
thermokarst expansion zones of pan-Arctic lakes during the past 60 years.
CEJE: NATURE GEOSCIENCE, 2016, 9:679-682)

Major changes in CO; efflux when shallow lakes shift from a turbid to a
clear water state

Jeppesen, Erik; Trolle, Dennis; Davidson, Thomas A.; et al.

Lakes can be sources or sinks of carbon, depending on local conditions. Recent studies have shown that
the CO: efflux increases when lakes recover from eutrophication, mainly as a result of a reduction in
phytoplankton biomass, leading to less uptake of CO2 by producers. We hypothesised that lake
restoration by removal of coarse fish (biomanipulation) or invasion of mussels would have a similar effect.
We studied 14-22 year time series of five temperate Danish lakes and found profound effects on the
calculated CO: efflux of major shifts in ecosystem structure. In two lakes, where limited colonisation of
submerged macrophytes occurred after biomanipulation or invasion of zebra mussels (Dreissena
polymorpha), the efflux increased significantly with decreasing phytoplankton chlorophyll a. In three lakes
with major interannual variation in macrophyte abundance, the efflux declined with increasing
macrophyte abundance in two of the lakes, while no relation to macrophytes or chlorophyll a was found in
the third lake, likely due to high groundwater input to this lake. We conclude that clearing water through
invasive mussels or lake restoration by biomanipulation may increase the CO: efflux from lakes.

However, if submerged macrophytes establish and form dense beds, the CO: efflux may decline again.

(RJE: HYDROBIOLOGIA, 2016, 778(1):33-44)
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In-lake measures for phosphorus control: The most feasible and
cost-effective solution for long-term management of water quality in
urban lakes

Huser, Brian J.; Futter, Martyn; Lee, Jeff T.; et al.

Both in-lake and catchment measures designed to reduce phosphorus (P) loading were implemented as
part of a 12.3 million USD restoration project for the Minneapolis Chain of lakes in Minnesota (USA).
Treatment wetlands, 'in-pipe' measures, and in-lake aluminum sulfate (alum) treatment were applied to
restore water quality in the four urban lakes. Different alum dosing methods led to between 4 and 20+
(modeled) years of water quality improvements in these lakes after treatment and only one of the four
lakes continues to meet water quality goals approximately 25 years after the project started. Due to
limited space and poor performance, reduction of total external loads was low (1-13%) for three lakes.
Changes to internal P sediment release rates after application of alum correlated well with epilimnetic
total P (TP) concentrations in these lakes, indicating that improvements in water quality were mainly
driven by reduced internal loading via in-lake measures. Substantial reductions to external P loading
were only achieved at Cedar Lake (49%) via conversion of an existing natural area to a treatment
wetland, but even Cedar Lake is no longer meeting management goals. When expressed in terms of
dollars spent per unit P removed, in lake alum treatment was on average 50 times more effective than
in-catchment measures. The results of this study indicate that substantial external nutrient reductions
may not be adequate to sustainably maintain water quality in urban lakes and that continued in-lake
management of P accumulated in lake sediment will not only be necessary, but will also be more cost
efficient relative to in-catchment measures.

CRJE: WATER RESEARCH, 2016, 97(SI):142-152)

Longevity and effectiveness of aluminum addition to reduce sediment
phosphorus release and restore lake water quality

Huser, Brian J.; Egemose, Sara; Harper, Harvey; et al.

114 lakes treated with aluminum (Al) salts to reduce internal phosphorus (P) loading were analyzed to
identify factors driving longevity of post-treatment water quality improvements. Lakes varied greatly in
morphology, applied Al dose, and other factors that may have affected overall treatment effectiveness.
Treatment longevity based on declines in epilimnetic total P (TP) concentration averaged 11 years for all
lakes (range of 0-45 years). When longevity estimates were used for lakes with improved conditions
through the end of measurements, average longevity increased to 15 years. Significant differences in
treatment longevity between deeper, stratified lakes (mean 21 years) and shallow, polymictic lakes
(mean 5.7 years) were detected, indicating factors related to lake morphology are important for treatment
success. A decision tree developed using a partition model suggested Al dose, Osgood index (01, a
morphological index), and watershed to lake area ratio (related to hydraulic residence time, WA:LA) were
the most important variables determining treatment longevity. Multiple linear regression showed that Al
dose, WA:LA, and 01 explained 47, 32 and 3% respectively of the variation in treatment longevity. Other
variables (too data limited to include in the analysis) also appeared to be of importance, including
sediment P content to Al dose ratios and the presence of benthic feeding fish in shallow, polymictic lakes.
(CRiE: WATER RESEARCH, 2016, 97(S1):122-132)
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Long-term efficiency of lake restoration by chemical phosphorus
precipitation: Scenario analysis with a phosphorus balance model

Hupfer, Michael; Reitzel, Kasper; Kleeberg, Andreas; et al.

An artificial increase of phosphorus (P) retention in lakes with a long residence time and/or a large mobile
sediment P pool by adding P binding chemicals can drastically shorten the time these lakes require to
reach water quality targets. Suitable tools to optimize timing and extent of external and internal measures
are lacking. The one-box model, a mass balance tool for predicting the P trend in the water under
different management options was applied to highly eutrophic Lake Arendsee (a = 5.14 km(2), z(max) =
49 m), Germany. Mass developments of blue green algae and increasing hypolimnetic oxygen
deficiencies are urgent reasons for restoring Lake Arendsee. Detailed studies of P cycling and scenario
analyses with the one-box model led to the following conclusions: i) immediate improvement of the
trophic state is only possible by in-lake P inactivation because of the long water residence time (56 years);
i) a gradual external P load reduction, even if the effect is delayed, will assure the sustainability of the
scheduled Al application beyond one decade; iii) a twofold precipitation reduces the risk of failure
compared to a singular application with an overdose related to the relevant internal P pools.

CRJ%: WATER RESEARCH, 2016, 97(SI):153-161)

From greening to browning: Catchment vegetation development and
reduced S-deposition promote organic carbon load on decadal time
scales in Nordic lakes

Anders G. Finstad; Tom Andersen; Sgren Larsen; et al

Increased concentrations of dissolved organic carbon (DOC), often labelled “browning”, is a current trend
in northern, particularly boreal, freshwaters. The browning has been attributed to the recent reduction in
sulphate (S) deposition during the last 2 to 3 decades. Over the last century, climate and land use
change have also caused an increasing trend in vegetation cover (“greening”), and this terrestrially fixed
carbon represents another potential source for export of organic carbon to lakes and rivers. The impact of
this greening on the observed browning of lakes and rivers on decadal time scales remains poorly
investigated, however. Here, we explore time-series both on water chemistry and catchment vegetation
cover (using NDVI as proxy) from 70 Norwegian lakes and catchments over a 30-year period. We show
that the increase in terrestrial vegetation as well as temperature and runoff significantly adds to the
reduced SO4-deposition as a driver of freshwater DOC concentration. Over extended periods (centuries),
climate mediated changes in vegetation cover may cause major browning of northern surface waters,
with severe impact on ecosystem productivity and functioning.
CEJE: SCIENTIFIC REPORTS, 2016, doi:10.1038/srep31944)

Increasing sulfate concentrations result in higher sulfide production
and phosphorous mobilization in a shallow eutrophic freshwater lake

Chen, Mo; Li, Xiao-Hong; He, Yu-Hong; et al.

Increasing sulfate input has been seen as an issue in management of aquatic ecosystems, but its
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influences on eutrophic freshwater lakes is not clear. In this study, it was observed that increasing sulfate
concentration without additional cyanobacterial bloom biomass (CBB) addition did not have an obvious
effect on element cycling during 1-year continuous flow mesocosm experiments in which water and
sediments were taken from a shallow eutrophic lake with sulfate levels near 1 mM. However, following
addition of CBB to mesocosms, sulfate-reducing bacteria (SRB) were observed in the water column, and
increasing numbers of SRB in the water column were associated with higher sulfate input. Sulfate
amendment (0-70 mg L-1) also resulted in a larger amount of total dissolved sulfide (peak values of 5.90
+/- 0.36 to 7.60 +/- 0.12 mg L-1) in the water column and acid volatile sulfide (1081.71 +/- 69.91 to
1557.98 +/- 41.72 mg kg(-1)) in 0-1 cm surface sediments due to sulfate reduction. During the period of
CBB decomposition, increasing sulfate levels in the water column were positively correlated with
increasing diffusive phosphate fluxes of 1.23 +/- 0.32 to 2.17 +/- 0.01 mg m(-2) d(-1) at the
water-sediment interface. As increases in sulfide and phosphate release rates deteriorated the water
quality/ecosystem and even spurred the occurrence of a black water problem in lakes, the control of
sulfate input level should be considered for shallow eutrophic lake management, especially during
cyanobacterial bloom periods.
CRiE: WATER RESEARCH, 2016, 96:94-104)

Negligible effect of hypolimnetic oxygenation on the trophic state of
Lake Jyvasjarvi, Finland

Kuha, Jonna K.; Palomaki, Arja H.; Keskinen, J. Tapio; et al.

Hypolimnetic oxygenation by pumping oxygen-rich surface water to the hypolimnion (HLO) is a
commonly used tool for the restoration of nutrient-loaded dimictic lakes. However, in recent years its
effectiveness has been questioned. In this case study we evaluated monitoring data covering a period of
23-years to show that, although experimental cessation of HLO drastically changed the lake's
temperature and dissolved oxygen regimes, it did not significantly affect its trophic status. Thus, we
recommend that the limited financial resources available are better directed towards further lowering the
lake's external phosphorus load than continuing HLO.
CK¥H: LIMNOLOGICA, 2016, 58: 1-6)

Quantification of human-associated fecal indicators reveal sewage
from urban watersheds as a source of pollution to Lake Michigan

Templar, Hayley A.; Dila, Deborah K.; Bootsma, Melinda J.; et al.

Sewage contamination of urban waterways from sewer overflows and failing infrastructure is a major
environmental and public health concern. Fecal coliforms (FC) are commonly employed as fecal indicator
bacteria, but do not distinguish between human and non-human sources of fecal contamination. Human
Bacteroides and human Lachnospiraceae, two genetic markers for human-associated indicator bacteria,
were used to identify sewage signals in two urban rivers and the estuary that drains to Lake Michigan.
Grab samples were collected from the rivers throughout 2012 and 2013 and hourly samples were
collected in the estuary across the hydrograph during summer 2013. Human Bacteroides and human
Lachnospiraceae were highly correlated with each other in river samples (Pearson's r = 0.86), with

average concentrations at most sites elevated during wet weather. These human indicators were found
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during baseflow, indicating that sewage contamination is chronic in these waterways. FC are used for

determining total maximum daily loads (TMDLs) in management plans; however, FC concentrations
alone failed to prioritize river reaches with potential health risks. While 84% of samples with >1000 CFU/
100 ml FC had sewage contamination, 52% of samples with moderate (200-1000 CFU/100 ml) and 46%
of samples with low (<200 CFU/100 ml) FC levels also had evidence of human sewage. Load
calculations in the in the Milwaukee estuary revealed storm-driven sewage contamination varied greatly
among events and was highest during an event with a short duration of intense rain. This work
demonstrates urban areas have unrecognized sewage inputs that may not be adequately prioritized for
remediation by the TMDL process. Further analysis using these approaches could determine
relationships between land use, storm characteristics, and other factors that drive sewage contamination

in urban waterways.

Ck¥E: WATER RESEARCH, 2016, 100:556-567)

Management of eutrophication in Lake De Kuil (The Netherlands) using
combined flocculant - Lanthanum modified bentonite treatment

Waajen, Guido; van Oosterhout, Frank; Douglas, Grant; et al.

Eutrophication of Lake De Kuil (The Netherlands, 6.7 ha, maximum depth 9 m) has frequently caused
cyanobacterial blooms resulting in swimming bans or the issue of water quality warnings during summer.
The eutrophication was mainly driven by sediment phosphorus (P)-release. The external P-loading was
in the range of the critical loading for phytoplankton blooms. Hence, the reduction of the internal P
loading provided a promising way to reduce cyanobacterial blooms. To mitigate the cyanobacterial
blooms, the combination of a low dose flocculant (iron(lll)chloride; Flock) and a solid phase phosphate
fixative (lanthanum modified bentonite; Lock) was applied in May 2009. This combined approach both
removed cyanobacterial biomass from the water column and also intercepted P released from the bottom
sediments. Immediately after treatment, the Secchi depth increased from 1.5 m up to 5 m. Sediment P
release decreased from 5.2 mg P m(-2) d(-1) (2009) to 0.4 mg P m(-2) d(-1) (2010) but increased in later
years. Mean summer concentrations of total P decreased from 0.05 mg L-1 (1992-2008) to 0.02 mg L-1
(2009 -2014) and chlorophyll-a from 16 mu g L-1 (1992-2008) to 6 mu g L-1 (2009-2014). Mean summer
Secchi depth increased from 2.31 m (1992-2008) to 3.12 m (2009-2014). The coverage of macrophytes
tripled from 2009 to 2011. In the winter of 2010/2011 Planktothrix rubescens bloomed, but cyanobacterial
biomass decreased during the summers after the Flock and Lock treatment in comparison to prior years.
After the Flock & Lock the bathing water requirements have been fulfilled for six consecutive summers.
As the sediment P -release has gradually increased in recent years, there is a risk of a reversion from the

present mesotrophic state to a eutrophic state.

(SEJE: WATER RESEARCH, 2016, 97(Sl):83-95)

Long-term persistence of sedimentary copper contamination in Lake
Orta: potential environmental risks 20 years after liming

Vignati, Davide A. L.; Bettinetti, Roberta; Marchetto, Aldo
Lake Orta, northern ltaly, has suffered from severe copper pollution and human-induced acidification
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between the 1920s and the 1990s because of discharges from a rayon factory and electroplating

industries located in its drainage basin. Following liming operations in the late 1980s, the chemical quality
of the water column has been restored and signs of, still ongoing, biological recovery observed. Two
sediment cores (07/1A and 07/1B) were collected close to the main historical Cu discharge (in the
southern part of the lake) and one (07/2A) in the central part of the lake. Cores 07/1A and 07/2A were
analyzed for Cu content, Loss on Ignition (LOI) and water content. Diatom profiles (cores 07/1B and
07/2A) were used to confirm sediment dating and to identify alterations in the sediment sequence
because, among other taxonomic groups, diatom assemblages were strongly affected by lake pollution
and recovery. Copper concentrations in the uppermost layers of sediment cores (2007 AD) were above
1,000 mg kg(-1) and around 500 mg kg(-1) in cores 07/1A and 07/2A, respectively. These values were
lower than the corresponding maximum ones of approx. 3500 and 4500 mg kg(-1) recorded at the end of
the 1950s at both locations, but remained 10 to 40-fold higher than the pre-industrial levels of about 40
mg kg(-1) measured in both cores. Diatom profiles revealed a continuous sedimentation pattern in core
07/1A, but highlighted interruptions in sediment deposition in core 07/2A. Copper levels in 2007 were still
comparable to or higher than concentrations reported to cause adverse effect on the survival, growth and
reproduction of sediment-ingesting organisms. A critical comparison of measured concentrations with
relevant ecotoxicological values suggests that particular attention should be given to understand the
effects of dietary ingestion of sedimentary Cu which, unlike in previous ecotoxicological studies, may now
represent the main route of exposure to Cu for sediment-ingesting benthic organisms.
(CRJ%: JOURNAL OF LIMNOLOGY, 2016, 75(S2):107-119)

Responses in sediment phosphorus and lanthanum concentrations and
composition across 10 lakes following applications of lanthanum
modified bentonite

Dithmer, Line; Nielsen, Ulla Gro; Lurling, Miquel; et al.

A combined field and laboratory scale study of 10 European lakes treated between 2006 and 2013 with a
lanthanum (La) modified bentonite (LMB) to control sediment phosphorus (P) release was conducted.
The study followed the responses in sediment characteristics including La and P fractions and binding
forms, P adsorption capacity of discrete sediment layers, and pore water P concentrations. Lanthanum
phosphate mineral phases were confirmed by solid state P-31 MAS NMR and L-11l EXAFS spectroscopy.
Rhabdophane (LaPO4 center dot nH(2)O) was the major phase although indications of monazite (LaPO4)
formation were also reported, in the earliest treated lake. Molar ratios between La and P in the sediments
were generally above 1, demonstrating excess La relative to P. Lanthanum was vertically mixed in the
sediment down to a depth of 10 cm for eight of the ten lakes, and recovery of La in excess of 100% of the
theoretical aerial load indicated translocation of the LMB towards the deepest areas of the lakes.
Lanthanum was generally recovered from bed sediment samples following sequential chemical
extraction from the HCI fraction. Soluble reactive P (SRP) release experiments on intact sediment cores
indicated conditions of P retention (with the exception of two lakes) by sediments, indicating effective

control of sediment P release, i.e. between two and nine years after treatment.

(CKRiE: WATER RESEARCH, 2016, 97(S1):101-110)
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Impact of trophic state on the distribution of intact polar lipids in
surface waters of lakes

Bale, Nicole J.; Hopmans, Ellen C.; Schoon, Petra L.; et al.

We characterized the intact polar lipid (IPL) composition in the surface waters of 22 lakes from Minnesota
and lowa, ranging in trophic state between eutrophic and oligo-mesotrophic, to investigate the impact of
trophic state on IPL composition. A high diversity of IPL classes was detected. Most IPL classes were
detected in all lakes, but the eutrophic lakes contained a significantly higher relative abundance of
lysophosphatidylcholine (PC) than the oligo-mesotrophic lakes, which in turn were characterized by
significantly higher relative abundance of hydroxymethyltrimethyl-alanine/trimethyl-homoserine
(DGTA/DGTS) betaines, ornithine lipids and the recently discovered trimethyl ornithine (TMO) lipids. The
higher relative abundance of ornithines and TMOs may relate to a higher contribution of heterotrophic
bacteria relative to phytoplankton while the higher abundance of the DGTA/DGTS betaines may relate to
substitution by microorganisms of these non-P lipids for PC under P-stress, as has been observed in
other environments. We also detected a variety of heterocyst glycolipids (HGs) derived from N-2-fixing
heterocystous Cyanobacteria in all lakes, suggesting the presence of these Cyanobacteria in the full
range of trophic conditions. Correlation of HG abundance with environmental data showed that high
productivity lakes have high HG abundances, while other distributional differences in HGs, which did not
correlate with environmental parameters, are likely due to differences in species composition. We
conclude that the significant differences in IPL composition between the eutrophic and oligo-mesotrophic
lakes are either due to adaptation of the membrane composition to nutrient conditions or due to general
divergences in microbial composition under the different conditions.
CEJ&: LIMNOLOGY AND OCEANOGRAPHY, 2016, 61(3):1065-1077)

Ecotoxicological assessment of flocculant modified soil for lake
restoration using an integrated biotic toxicity index

Wang, Zhibin; Zhang, Honggang; Pan, Gang

Flocculant modified soils/clays are being increasingly studied as geo-engineering materials for lake
restoration and harmful algal bloom control. However, the potential impacts of adding these materials in
aquatic ecological systems remain unclear. This study investigated the potential effects of chitosan,
cationic starch, chitosan modified soils (MS-C) and cationic starch modified soils (MS-S) on the aquatic
organisms by using a bioassay battery. The toxicity potential of these four fiocculants was quantitatively
assessed using an integrated biotic toxicity index (BTI). The test system includes four aquatic species,
namely Chlorella vulgaris, Daphnia magna, Cyprinus carpio and Limnodrilus hoffmeisteri, which
represent four trophic levels in the freshwater ecosystem. Results showed that median effect
concentrations (EC50) of the MS-C and MS-S were 31-124 times higher than chitosan and cationic
starch, respectively. D. magna was the most sensitive species to the four fiocculants. Histological
examination of C carpio showed that significant pathological changes were found in gills. Different from
chitosan and cationic starch, MS-C and MS-S significantly alleviated the acute toxicities of chitosan and
cationic starch. The toxicity order of the four fiocculants based on BTl were cationic starch > chitosan >
MS-S > MS-C. The results suggested that BTl can be used as a quantitative and comparable indicator to
assess biotic toxicity for aquatic geo-engineering materials. Chitosan or cationic starch modified soil/clay

materials can be used at their optimal dosage without causing substantial adverse effects to the bioassay
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battery in aquatic ecosystem.

(k¥H: WATER RESEARCH, 2016, 97(SI):133-141)

A meta-analysis of water quality and aquatic macrophyte responses in
18 lakes treated with lanthanum modified bentonite (Phoslock (R))

Spears, Bryan M.; Mackay, Eleanor B.; Yasseri, Said; et al.

Lanthanum (La) modified bentonite is being increasingly used as a geo-engineering tool for the control of
phosphorus (P) release from lake bed sediments to overlying waters. However, little is known about its
effectiveness in controlling P across a wide range of lake conditions or of its potential to promote rapid
ecological recovery. We combined data from 18 treated lakes to examine the lake population responses
in the 24 months following La-bentonite application (range of La-bentonite loads: 1.4-6.7 tonnes ha(-1)) in
concentrations of surface water total phosphorus (TP; data available from 15 lakes), soluble reactive
phosphorus (SRP; 14 lakes), and chlorophyll a (15 lakes), and in Secchi disk depths (15 lakes), aquatic
macrophyte species numbers (6 lakes) and aquatic macrophyte maximum colonisation depths (4 lakes)
across the treated lakes. Data availability varied across the lakes and variables, and in general
monitoring was more frequent closer to the application dates. Median annual TP concentrations
decreased significantly across the lakes, following the La-bentonite applications (from 0.08 mg L-1 in the
24 months pre application to 0.03 mg L-1 in the 24 months post-application), particularly in autumn (0.08
mg L-1 to 0.03 mg L-1) and winter (0.08 mg L-1 to 0.02 mg L-1). Significant decreases in SRP
concentrations over annual (0.019 mg L-1 to 0.005 mg L-1), summer (0.018 mg L-1 to 0.004 mg L-1),
autumn (0.019 mg L-1 to 0.005 mg L-1) and winter (0.033 mg L-1 to 0.005 mg L-1) periods were also
reported. P concentrations following La-bentonite application varied across the lakes and were correlated
positively with dissolved organic carbon concentrations. Relatively weak, but significant responses were
reported for summer chlorophyll a concentrations and Secchi disk depths following La-bentonite
applications, the 75th percentile values decreasing from 119 mu g L-1 to 74 mu g L-1 and increasing from
398 cm to 506 cm, respectively. Aquatic macrophyte species numbers and maximum colonisation depths
increased following La-bentonite application from a median of 5.5 species to 7.0 species and a median of
1.8 m to 2.5 m, respectively. The aquatic macrophyte responses varied significantly between lakes.
La-bentonite application resulted in a general improvement in water quality leading to an improvement in
the aquatic macrophyte community within 24 months. However, because, the responses were highly
site-specific, we stress the need for comprehensive pre- and post-application assessments of processes
driving ecological structure and function in candidate lakes to inform future use of this and similar

products.

CkJH: WATER RESEARCH, 2016, 97(S1):111-121)
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FRMRR K RAE . K BRTE 10 £, AR RORHEE f. B gt 7ot T inflE
JEMEH 300 K2 Al BE G A7 K IR F AR R Bl 50 2 b

2016 5 6 F 17 H, PNAS WIFIFELL K 3L 1 Uy (S EOINAIARE JE MR 2 H T 7K
SRR KEIREE. FE AP (Salinity of deep groundwater in California:
Water quantity, quality, and protection) [ISCEFRH, ZM H g4y 305~3000m At &
KEEARKERMTK, BERER 2700 kme, 24T 2 B — R K & H
RZ S AAEA L H T 1000m #7375
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MaAENE (49 A)

I TR EUER AT U R Do b T K an T i His 7, R IGVERAE X 2 AL
R CEZE W, etk g ErKKE. N T HTREmIE, R RNFER
FERBUR A& KE (ATIBECT R BIKAE A BIREAS . (HIRAFIX LA I A
REnst, RN EHIGE AR ERPkak. Fit, w5 oE R A R SRR A
Hadx.

BIMIAREB T T A RIR AN I B 5 7 S TR B M, = B
KB 3 B AL IS AR R Bt . 8o B 360 ANl AUOFRIERE, RIS
R DX AR PR HEAT R L, I FLBRBESE, 48 LR HERTIZ N 8 N Eoth T iRiA
5000 K1) E 7K Z TR ARFRFIK T . 5 R/ N oK GG EATHEA L, 28 5
RILH ] A BE 2 1A 3 £, RAEXLKEA R DR, (HEEA -
AT REBRAEDD o

AR, MM KA E AR AR . Hi2, KRERKIEN T 5 % 34
AR AR S IT RIS R HIX . LL7E EE (Kern County) A, iZ3th X A7 Il AR SR
SIFRIESN, 19%HREE R T Bt SR K A7 X, T 35% Ayl A R AR ST K
BINEERAE K X 8. WFFE N G A 0 R 5 [ JFG Ay b [X 75 20 K6 b 7K )
W, AR AR AR S RINE . RAKIEANFK 7 R X

UEAR, X PR K B 2 g ok, B DRI . Hed, KR ) RRE
1950%, eSSk FE A P sh A HAm SR R )5 e . AERSRLH4E R, W] LUl Id )
N2 /S PR ORI AR B, 145X 88 KK SR Bl oA L K /K s . SR T
H AT RHER 7 b T 7K B id 2 KR IF H i K 2% .

MBS A FE R, XTI SRt 7 1k it BE s FH v J2 K B BRIk B R B
HNATAT LN 174 S BLA KIS, A A2 1 32 B MG 7K . AR 2014
TR G I N KR BAABIRE, A RIS 2 B IS AR BOR B, AKX
PRSI VE

AR, AT B T 7K 27 A= b TR T A 140 JRURS AR ) A FE 3R 7K LR TR X
WU R KOG B TR E ARG E R A . AR R, )R R R i
et B U N R N UT. T Bt — Dt 7t . WA Se iR E 1 S /KR, 7B L
LT 3 T EAIT R AP R
JR3C3RIR : http://www.pnas.org/content/early/2016/06/21/1600400113

CRUE: BT sh A W HAR 2016-07-15, 25 14 H1E 55 283 #1)

GRACE BE BB RERE/EA BB % M X it K&

2016406 H16 H, (HhEk 547 2Rl Z£iEi1) (Earth and Planetary Science Letters,
EPSL) fEZK 3K T (MGRACET & 5 /) Hitfs o 75 ek e i S A b R 7K fih e ) A%
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MaAENE (49 A)

t£)  (Groundwater storage changes in the Tibetan Plateau and adjacent areas revealed
from GRACE satellite gravity data) SC#, 1%3CHH E BRIl & -5 s ERY) 3T 50
FEDUHERIE T 300 3 0 D ) SRR R 1167 1) o vl EETBA < i gt ] 0 )
AR IR R R K SR .

TR R SR R KRR, x e FAESIRE . ARMO R . MUK B
1B LR AT R 5 B A ME, [ XK SCIE A A 2 BR AU AT 5T B
AHREREZ, B, KUK R X, s m A A 7K KAz &
HAERD, SR ACREUEN 2 Eob o ZBIDCRH TLERREVE,  BERIE Fl 1 22 I I
TR, RIGRACE T 7E500km 7 HHU 2 M N /K M AR AL K 15 5, AR
B 5 SRS K B AR A o A BAANMCR T 1 B s T IGRACE EE 37 80408
MM T 22 Rk ORI B T B8R AR S Hem . oK1 B ICESat-1 1 2 &
SR VR AR RN UK N AT R AR R, 50 T 5 ek e J 532 2003-20094 1
(] (1) 30 K AR A EaFS 76 S5 ZR TR I X L SRR 3 L S0 AR R X A 5
B LT b SRR S R A, ORI TR K RIS ISy, AR G N &
186 £4812km?, AH T =K PEL75mK LI T — 2 (R PR A &

R, TR KGNS Ve B 7 S T M X ORI | R R KR B K
PP HE AR IRAMNG A G T =00 GHVETL . AQVLAIE) JEX, 20054k [H
BURSERAESRIPMERE TR, PRSI, BREBA. ARAREHCR AN
TRER S, A TN KHRERR, SOk T K B IG I A A AR s
R s G A AL G R KU AL P - AR s SR BT RE S R R
JR3C3RIR : http://www.sciencedirect.com/science/article/pii/S0012821X 16302898

ORIF: BT RS MM PR 2016-06-15, 58121555234

ETRE IR EAKREREOREAR

2016F4F27H, HARM P K IR T — 5K 9w RS 2 5 50 B
BERG (KU-STIV) "B, o] LLd i it s 400 e il /K 0 s, 2B m) L
67 2 HERFA SR IBORT 7K, A7 BT 1] 58 A 0N A XU FR 06 56

H AL RS K O, O s i TR KR o HERf I PR K 2
] K B O A R K RS AL BN SR DGR R 2R . B T ISR IR R, B U =
ECEHAMRBERIREEE, SR, 07K AR5 10 22 0 SR SR FH A Tl Y 26 THD 50 B AR T2 1
TV, TR AT 1 R S T K R T AL X R T . KK R AR I
TGN, R EHARME RN e i, T H, RS K S AR 2 1
N TCVER T VA T A R
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KU-STIV R S8R AL G AL ER ISR E WK iE . 2 R GBI E
BErhf<5| 4% (searching lines) (10~20 m) VE il brvte, 38 Ia] /K 2 /K A E
AN AT U A s I TR TSRS L, SRR 70 M e 20 A1 I Te] et vF S K It
JE o SRAIZ Z G0 E HITUE AR ] A 2 2 5 ) CADCPs) J7 i N 45 1) B + 0 #ik
1M H S5 BEE 5L, BA R 2l s

KU-STIVRA G O HAE . Bt S8 MR S5 U8 AR 2 i &
BRI PR, AR E B I IRME AR I RS Z R GRS g B
T, It g, HAREBREVEI QICAD KT ERHZEAM 7%
FIEE. ZRGRIT RN R I, TR Goks LB 7K AT B ) S TH RN
W, [RINZEARA B RN B AR R4 E S0 58 T 7K K FE BE IR HETTVE .
JR3CKIR: http://www.kobe-u.ac.jp/en/NEWS/research/2016_04 22 01.html

CRIE: BLARF T BN PR 2016-05-15, F5 10818552793

ET ¥ arkRENRSEH

o R R T =B 2307 T IR AL AR R IR A R CBUR i FR i A\
THEEMRHNET S FERKEIEIN RS, ATbeE., . R SRR K
I PR K o AR

KIHLIR, R K75 Gy il B LA o 30T 7K 505 G ) R ] = 2 A4 G Al
firfle. AN RBYOVZFHILD . e R R T ARG IR a5 o IR T N B AT
SEIF KIS R IR AT T B, AR A GE K T Il RS Y B DY, SRR
AR, BTSN AEZ TAE.

Z ARG KL RS 2R AR & B, IR IR A R AL pHL &
B BE. AR BEER, BESESH, HEDEH s HLAE RS HEAR, HRES
AR BB 2 DN R 7 A IR, SR A 3] 2 o IR 55 4 250908 e - ARG IREE K FHRE AL FE,
TRRE G R IR e mr . ASE PR, HLRI fGE U B A MR S i T
Gy o AT LSRN F K B AT I RIS I, FFhs Guad R AT BRER BB TITIEUIR
FARAEEE, AR DL W T B APP A ) B i K BUA .

CR¥: CRHZHARD) 2016-05-27)

CO; iR B A B SRR = msK iHFE B RO FE(R

201644 H18H, (H#R « Af#A84L)  (Nature Climate Change) Z4:& Kk RN
( CO2IR FE Tt g W AN [6] b X AE 90 /K 43 A2 7= R B RIS W A7 /6 2 5% ) (Regional

Disparities in the Beneficial Effects of Rising CO2 Concentrations on Crop Water
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[]
HiarFHhs (49 A7)
Productivity) fSCEFRH, AERCO2KEEF = v LRI EE k=2 ik, RN FE
AT IKEFER (4%~17%) .

% [H 2 naf kK% (University of Chicago) . 35 #F4& tL i K%~ ( Columbia
University) . FLlE AT 75 F) K22 (University of East Anglia) 2522 it K2R 70N 5
W A5 ) F T X8 R A BRAVE IR, BN CO2IK BETHimih 22 ok ZKFEATR
FIURAAED 8 R MK E R, o T aEBRIEYK 4% (Crop Water
Productivity, CWP) 25454k . B4 iR, 21tH40804F/R, ABRkCO2R5 M1
CWPH i T 10%~27% . EH s AN [F] 1 X 45k 22 S 50K 0 CWPSE Fl s T, e, 5
Hh X SN ZZ I CWPH $ 75 2.48% . K FH S8 W9 [ BfF 72 45 SRR W, CO2k B T v vl
PARKIRGE 3R & aii ok, A g b Aok 2 (4%~17%) . B i 4l R,
AR XSOV EY AL T 2R AR S, OV AT RGEAFEIE T 7K 22 4 1)
AT N EOR = R0 T A FIE. 20 70 @ G — 0 I K B[] (1 )X
TR, DB 4 M ZE SR 5 AR 2 7] (R Z2 R
JR3CKIR:  http://www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate2995.html

Gl RIEET R B MER 2016-05-15, 5 10 H1EES 196 HD

NOAA 35 th 3 E 7K o] 3 m G RO R F 9k

201647 H11H, EEEFEHE RFEER (NOAA) F&KKathryn Sullivanfé
A 3 B K BRI PR REAT T 0, RE T TR .

FEMEERTEE N, KGR RG MR T, FEE, Kbk E
B T

(1) SR rHtK: BRAHEK 5 551G B N B0 T B A AR o S A% 1,
e I P XD 2 Ko 20154 1L 4k 5% i AT AL /K 176 AT, 78 iy T-20144F ()38
Ao

(2) W1 BTt BEACRE, T4k LTI R4E0.125 08 il % Tt
HrUR RPGH62058 B Ab, KEHEN RASAESITMEE, DASEICA BT = 1%
575 LI R . X2 19314E LRI BB 111K

(3) v T 5 20154F, S Fh T 52 18 B 1238 ot 2% i R SR A= f
KEPEE . #ubRI6 7K, 36 EA 81707 N IEAEL itk T 5 i 5
M o

(4) FERFEN: 201440, FRIIARFERRR, SHTHEZH RZ RN
7K HERHLD 520 7507 N3 R K. HFFCN TN, 20164 ) #EAE m] RN
A Wa e, HAIRN 5] i .
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MaAENE (49 A)

JEIC3RIE:  http://www.noaa.gov/blog-tackling-americas-water-challenges-science

CRIE : RL2ET R BH7S MERIR. 2016-08-01, 55 15 HALL 55 284 )

USGS: E[EH 25 M /K B BB S RE1ERE fhit

2016 7 A 12 H, REHFUAAER (USGS) KAEN (3% E AR H T
K BT TE & vl ) (Potential corrosivity of untreated groundwater in the United States)
ks, Pl T RE 2 52 DR T KBRS R M, FRH 25 MR AT
R KR AR SR b, b, RIGES. AR AN PG A0 b S K R RS
T A5 1 o

WA CAAL SR, T AR ot e I AR A v PR R R LAtk < 8 DA A K A3 AT B
e AT Sy . USGS HIBTFE N GRAE 136 2 752 DI R /KFEAS, B FH
PORHRAFE R (LSD I LE e AL (PPGC) PRAMIBZE S T MR bR,
WA T 5 IR Ee X SR B IR A K BE 25 5 52 < TR W BE TH R s o BIE AR, T
LSI #8545, 20962 N F/KFE s 29 13 HURE s R T E R R kit . 55T PPGC  #§
b, 26631 MR KEE T2 2/3 HIRE R LR PPGC; 8% 3 T /KR A1
HA mH) PPGC.

W FEN R X AN FE bRz il 1 4 B i R KR it ¥, RISEE 50
ANPHANEHS LEORE X B4 T 7K 35 B AN [RIRR B2 B9 AR I ol o A8 11 ANJH AN B LT
FEX R K B A R = I e, XS i 800 5 N O T Hb T 7K it 45
A 14 AP K BB SRR i, X R 1600 5 FHROR T3 7K
a5 A 19 DRI T KEA A i, X8 4 1800 3 N M T
R KRS 6 M T K B A BRI vl XL A 100 5 A K
TR KAR S o MR KV kIt AR v AV BB IX R E A AE AR L. RS
TE ZRBEAIVE LI o 2245 O ARASL TR R AL B R KA R R K AT B IR
KHIFZH .

JR3C3RIR : https:/pubs.er.usgs.gov/publication/sir20165092

CRUE: BFEERFRshA NPT 2016-08-15, 45 16 H1M4E 285 H])

MR EE R 60%a M T 7Kk FTTiEER

201648 H29H , Nature Geoscience T & F Mk € 5 A L fsz Bk B 5 1] 37t 35k
R 7K R B A EE) (Groundwater Quality and Depletion in the Indo-Gangetic Basin
Mapped from in Situ Observations) HJSCEHEH, V3= R IR——F0 R R R IR6 A
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MaAENE (49 A)

R KT, SR A e H R A

SNV R ERCINY R AU AR O 3 | w5 2310 ] e R = Y2 (ERCIRY R 4 0B N
TR & B 4Bk TR B 25%, DAZERFLERIE . BDRE . JE VAR A I [ f
AN Ty L) DR EEHRRY], HETHhBOE A AT RS, (E R
PG Z BUMA RCE P TOK TR E R Z 0 H. SkRARE . donfE, EEEE,
EIRE. JevH/R . 3B E KT FEN BRI 1K B @ #r A AL N KAz, iliE
AT KBS0 R B HTIEYE .

WEFCRBL, BN EEAR IR AT 55 S T 7K A N P o i R B K B2 v 2, T ARA
o T FEN G AL TH200miR Ak b 7K B B REVAT L G e AT VLA AR ] R AR A B e A
(112045 LA b o (FIZIRIE AR K 20 23% T /K & sh & id i, HL37%M 7K 52 B iy 4L i)
M. 2000-20124F, TR KAZSEPR ERFSER], BiEAT70%HIEKZE LT, TR
1309, N KALIEAE R RE, SR 15 ik 518.043.0kme.

JR3CKIE:  http://www.nature.com/ngeo/journal/vaop/ncurrent/full/ngeo2791. html#affil-auth
ORYE: BEAFT ARSI RN PR 2016-09-15, 55 18 W& % 287 D

SRR

UNESCO %415 (2016 FHtFKFFELZRBE-KEFA)

20164E3H22H, BLAEHESCAZ (UNESCO) KA (20164t F K #HE
KIERE—K550Mk)  (The United Nations World Water Development Report
2016-Water and Jobs) f#lk & 45 i, Ji 1 PrABOR AN B RALHIK—ll A R &,
7 R H SR Rk I SR S IR ] R 8 R R I AT 5

PR Tk @ Maels e okul, KBURIIZREUER & 2 ¢ H 2,
[F) I 2 2 KB ) AR ZER Bt DL SR 1G22 4. ATEERI R DR I/K S AR
550 A AR AR TS, (R IX 5k e, et AR falssbyle, 5
ZWNBINAE 2. RIS, KGR AT RF S P A 2 SEILAR (0 19 HC AN AT 4R 82 e 1) 0 2
#2116

KA IIRIE, X T HARMATRRLL KRB CE L., (20304 i) 74K e
WHEY HKBHRARE HbrJE TR0 E, S0 H bR 2 & RK R, 1675
PRRESR AL B2 M TAERK, BRT, KBRS TEFERE =5 O
KREEE, AFKREGESEHEUMESRGBEEMIME, @B, B gy
IKFIEEAL Bt @R S AMRHIIRSS, WHEHK. PARNG KA,
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SARSRUE, ABRET AN e S ET78% M TARMOB T /K55, Br 1A A T,
HoAth v FE AR /K FE IR AT AR B FE RO RGNk A A B 5 Rl
BRI DA RS, DASORER R R A Aol [RIR, (@ Redr B, R AI A A8
AR 57K B EAH R TAE.

(1) folb-f i ATk AKEA R BT E 22 RN RO - 8 ah AT ML A T 5 A3
o AR R SEESLRE, HE AT ses LURD s AR . 1R
XFERITEOLT /5 EEHEATE S B BUR IR Sk N T 5E R .

(2) Red: EBRAEUR TR RAWIIG N, AR rb [ 5% E 500 H I 7 SR G A
Riho BREATIA A KERE, HiTC bGettFRFEKER15%, I HERANE 7
o TS UG EI,  ARERAT AR GRIRAT LI A R SR i AN B4 T ML B 5L
ESL I

(3) Tolk: HAT, TVATHEEY KR &R 14%; Filih 2120504, X HiliG
MV FHZK B UK K 400% . BEAE T EOREAS, /K AE L5 HG K A iR OGS FH DA
SR BEHIEN L R J B AR SN RIS TS 0, 12 400k 1F SR S it a2 D> B Tl AR 2 )
FokE, REfem TIHKAE. Kk, Tl AEEIE AR — 2 hnsE K S B R
A, BB KB R A T oK, SR SEIL IS B A

KK, & AR A E TR WERe AR R A, W DS R E 1) P —E
(PIGREE  THRIAECR, EORIEZK BEUS A5G i) 57 82 K J B AT HR S AT P47, ek
FERE A 5 2 AH G 2 1 A . Brdt s filE K. A A TR KR
BRI H AR, J9 E | g K H R T shHEZE R W1 77 1)

NG GEAT ML 43 E /K B AN A 7K Al 5 AR KR B2 b ke s [ %R e X )22 1 v J
B TAERIGKIERE . [E X8 Hh X BE %R 5 U 5 P8 R RF 1R 61 A b 55 25 AH
KINAETATIRG 2 I BB . SR L HARTR 2K, Bl & A SEBER 1
W3, DL ORI T B — B0 RO IR %5 T P A s A OS2
JR3C3RIR : http://unesdoc.unesco.org/images/0024/002439/243938e.pdf

ORI BHEIF TN AR 2016-04-15, 55 8 WIELEE 277 WD

UN-Water BT S EFTHFEA RINEE “KGUE B#7”

20165E6 A 7H, BLABEIKHLH (UN-Water) LABISCHE R sBAR TN (3
T Al R & HARI/KIEHA)  (The water cycle in the sustainable development goals)
TR A, TEARAENT 1 (U FRATAIH S 20304 AT RFLE K R URE ) i oK Bt
JERTRRSE R R B AR, e E b BMEEA . AT AR BE T BT /K B8 R T SR 4 R 8 H b
L] AERE i i) 7 3078 2 A BRE AN K A I 72

bt I TR FRHERS , A BRKAEPR 0 W] R 22 R T T IR /K B2 s AR P #8
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HiaAENS (49 A)

FEREEM . BAE (20304FE AT FFER B URE) FTadE r) A7 AT JR 4 % JE H bR
HKE BAKEHRHEA SN, B OBE6.1RAIKZ 2 HiR: @ HPR6. 2617
LA PA AN BA 554 O B AR6.3535 /K B A I 3k R 15 /K Ab 3 @ H 476.4.
PRI HESE (1 77 SO VR KRR 2 4 OR B ©) HAR6.5HF RK B ZE G5 HL T4E: ©H
Fr6.6 R HKE S5KA RIAES RS : @Hr6alnskEr&/E: © HArebH|aiH K
Ezh. R, AFRERE HARILSR KR EEEE AR, 1% H AR & 7E ] FE
A fE HAR1l: JBAR . 24 AHVE I FE R ) T RR ST AR X . ik,
AR R R H AR (SGDs) 47k Ft5835 1 /K-S AT R JE HAr .

MW REF R LAE H, BA E2030% i FE g hib /K Hb, s 7 &Rk
AR, Bl e RESE R R Hbn . REER AT ) 0] 4 BR/K B35 R FH AT
WLR K AR B, JF B R U KR TR DX A B B —

ey
)

| in-fv_th;e;;"ustail‘;l,avble::ﬂevelopment; Goals

eah'h'=4*
o ]

‘ 6.5
{ .52 6 4 Water ressources
i management ; 6 6
&y Water use Ecosy.stems
‘ and scarcity
TS -

4 Water-related disasters -

Water quality
and wastewater

Cooperation
& participation

Drinking water

6.2

Sanitation
and hygiene

‘/u\\\ ATER

Bl EFaFRARBmRIKER

JEIC3RIE:  http://www.unwater.org/news-events/news-details/en/c/417707/SDG6 targets
UN-Water highres web.pdf

GRS BEERFRENASNIBER 2016-07-01, 13018528281

S sE T EN KB RA K FRERREHYE

201658 H25H , =fl /A FIS7 AR « 3B /RIE LI E (LLNL) mYERETH
HHLEH L (HPCIC) 2870 T AW 220 WFI 24K 1 el 22 7K B U5 34 ) f
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MaAENE (49 A)

L ReEtE RETH AR B A S BUR 45 &, DASE AT MR o — L ) S22 ) ) e

BN FIAE20125E BHE s 22 IO FE A AR OGRS AR SRR B, 2870 174K
BREWHT 2o = BRI GaR 7R mERETH UL R gt — LK SRS B SR
WS HEAT IS I, T SE I 1 O T RE A AR IS DL . TR B <<H - 5 -
IINTITE, M R AR 5 5 R FHRR 2 P A B R PR Al R 2% A0 ) R HL 25 H &
MEFRIAR R T5 585 ABIZAN T390 7T e 5 BEHA I 1) 4 REAS B 45 R, 18 ok SRR o
SR, ARG SN AT DUREARADUE 2 5 50017, AT R RIRTH R SRR

Wit b, WP U T LTS GG, FEIRE R g AR A A1 A JR A 2 A i
EME. PLMONTE 5t mtERE T EALINGE 1 /K BRI B A AN 77 TR A —— K B AR
. HUR K KR RIK BRI ) S R A

HPCIC AT 95 T A TR 45 th, AR 2 oK 1 LLNLSGEER TS RE 0 an fe]
SCRFZAE N A QIFE D M 7 I R o W3 A5 5T DUBR R 3 TR 7K D Y0 2L 1 i 1
PRI ] 7 IR o IR LA [F] 0 J7 VA A B U5 AT DAk o S 7, i e 1 5 A 4
b 1 TP A o
JR3CKIR:  http://www.rand.org/news/press/2016/08/25.html

CRUE: B A MM PR 2016-09-15, 28 18 L5 287 1)

KSR RITETRIFE BB 4300 12

IR A8 H 8 H B A, $A7 480041l H 49 A\ 20164F B2 /KT 5 HeBia AT a4
AR A, BRI 430014 0. Hedr, HOR RIS BOKE . I =ALSEL B
AR RBUNHE R B /KSR V0 A AP DR R S 7 S84 B I E N, ) R T
T DU 22 T AE 103N Hh i 4 2 N 2 SR A B b T 7K 5 e v St 77 Z LA
NEHITE N E.

IR 25 7 AH R N, MR ET IR & WM BGT A ZUT e T LA IO
T N B AR BTG 7K TS G BT iR AT st Jal i B A o8 PR @ 15, 70 vh il 4 R AN A A 4% P
KTE GBI IE A SC T H SERE KT A BT R o i R I B0 9 ) F I8 20164 i Hh e KiS
LB i I Bt 13044 7C, K8 S H T8 BN IRBURFIL 2 IR 7K U B A AR S A B AR
I, SR T AR S O ORI PR . B R AEOKT T AeBia . TR IR SR
055 X TR P YAl PERIITH , A JKis BeBiiin £ s & R _EA TSR

P&, K2R H fifi 2 2 B RO R 9T A %5t k. B A SUROr
WEES LRI WEGT. AREINEEZ, K5t a i 5K 5 i & X0 H Ard
By, AL ERAR T S

CRi:  (BHEZHRDY  2016-08-11)
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MaAENE (49 A)

AR FHREE A UE RS IEIE LR BRI ES

20164E5H3H, {HHA4RAT (World Band) KATEN (FiRS5T5: SEZ1k.
KEZ5)  (High and Dry: Climate Change, Water, and the Economy) 445, 1Fh
T ARAR A MK BEE R SR IR 51 A K SRR SR A SEME, 5 HI /K BRI R SR EE I 22
G, FSEAOTR SR, @U0EdE & B 5] 5 5K SR E B AR K
DY R ) BT M o

AAEARAIN R /K U AT R, 3 B PR 22 B R A AT Gk 26 3 [X GDP 6%, J 33
NHIER SR, NHHK. 25 R AT 5K 351 K K 25 & R MR & i 5 5
R BRI, [N, K BTIRA BN AR AR E AT . R ASLEIR
BTSN, H T/K BT 78 B DX A0 o AR A0 AR SR T I R 7, 1 7K B R R 1 3 X
o 2R N U 5 el DX R SR ACIR B 3t — 20l 1 Tk BRI gt Aol . AR
FRASN B 520, 5112050 4F 3% L84 [X (1) GDPHE KK T 1H6%.

WEFR Y, W A ECR S S AE B KRR L, R A K SR SR
BORIFZE, 3070 X 2 5O RS2 TH6% . c80dh /K BRI PR BB SR i A0 1 42 5%
2L, AR EUR L SR T K SRR R R B K BRI A SR, R 25% 1 7K B IR
ST SR, kAR, BiRE R RS 2Tk . ER R TR X,
i BT A B, e S K BRI RCRAR TS, 8 S ) R BOR A
SR S TARAAL T AT TR o

N T 5 S E G R K B 2 VR SRR Jy, i PR DL T BRI

(1 RAK BRI FCAR, RGBT, $&THK BRI 2. O Ly
FCABRoK BEIR . IR, B @A A KR S5 TR, BiTlkE
By A A RIK BRSBTS IKE I 25t . ARt R b R BN AE
IR BORANEER RS, 727K BHIR A i B v ORAIEAS 5 & J7 R i e QAT ML A 38
TR . I R OKEOR . Bt #EMUGR, RAURE R ARk
(CSA)  FIHFEAMVEELIML (SAD 5T AT &, I8/ B AN K 2 728

(2)  BNFAHW T, 1982 4K SR AR AR . A8 7K P S5 i 7K B
Jit, InaEK SRR FEA A KA, JCHAE T R XK SR A N B AT 5
INEE ., FHE S, S 7CKME AR DR S5 1) XU FH A BEAIG, el B iy

(3) P A AU AR R A ANE E VRS2 o 3G 7K 2E B K RE ST AIK
BEURFRA A B T @SRRI g, AR R KR BT RS 5T
I/ 308 T T M PTG o FEARATHBIX, 7 R ARAED ORI I H BEORHP AR [ 32 B W
2 AR . FEVIEIRTT, HeYE . SEIURIZK FE S5 R R Wt A B T ek XU AT 7K
KFo
JR3CKIR:  http://www.worldbank.org/en/topic/water/publication/high-and-dry-climate-change-
water-and-the-economy
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Gl B2 5 2h A WM 2016-05-15, 25 10 #B455 196 #1)

IRES: ERFF[YUEMRKRERE

BRI 7 H 17 HRAT T 2016 4 b 245 4[5 2 S b R K IR i SRt
WEEREH, 338 ANHbZR A DL R 3l 5 AU R A R G A, B X O UBRAY)
WREERRSE T db R ES JVIRERRSE T B, TR REF LA Frigin. 4 E xR
IKIRBE B AR R AR

IR SIS I =] w K B R, B4R, 74 NIRRT R S SR E AR R ZE R 10
AT HRGE G FIN . R, BFrg. B, BEATE. K. AXE.
G2z 2SR EART BT 10 ASIRAT 2 O, EINL ETL R B,
iy Frs YO0 WK BLEE.

338 Mg K UL Bk, 78 MR A AR EIA bR, FIHE S 6.5 AN E 4 A
SEII R RELLHI 9 76.7%, [FILLHES 4 NE Y AL, PM2.5. PM10 435Il B 49,
90 e/, Ay HIEEE TR 9.3%. 6.3%. dbat ERAEt B KRB N 58.8%,
[FEE Tt 10.2 N E 2. PM2.5. PM10 JKFEST 8 64 88 Tse/Sr oK, [AILL R %
17.9%. 19.3%; REIKEE AN 211 fhse/sr )5k, [ BT 5.5%.

DR, 5 RFEEFARTAHL, 4 E R KA & IS 1940 MM, K
R R (——=3% WritLFly 68.8%, ETF 2.8 NE A 25K L T
0.8 NE 4 se FRUIRA, Wild B PEARER . PR E KON, KT, Bk
TLIRABOK R RAF, B FAfeil MERRIBON R S Y, IRRIBOA P S, i
IR E G Y. 112 ANE AOH (B A1, 9 AN (FE) KR—2K, 32 22K,
36 =K. 19 MUK, 5 NN TK, BTRR 11 A EKEFEA RS, R
B W, SLMIADUZE, A TEGE. “ =817 BRIRESHINREEE .

CRIE: (BHELZHMR) 2016-07-18)

B REkSIBEAZHERKE

B E bRK A7 H 10 H 214 RS Sb R A W 023 4T, R b, B
s FL R 1 5 S EHU L RIWHR 5B REROR T H , X LT H R 52 K
FFE AR BRI KR 55 o &

AR, FrimIp o F R 5 8 I [ SO 2 A i S pr e MU LRI T3
H“BLas KRG —— 2O “H B BRI 48 R 407 HIRIGRKFER SN LA N
CAFE BF 7 N 5 St S 7K e
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WIFAN A “HLas RIG” & b22de | e RORNRE E, LR AE sl b L i
INEE KK B I AL et , B RT DAEBUKEE . 72 “Hlas REG” FET, S iiz%
o I RE VO T LU [ U & ey K TR 2, AN i m 7. I3, AL
Jai H AT 258 Bl AR, IEAEDRHE “HLE KRG HiE AE MLt 77 Tk

bR “HLES REE” Ah, TANLMAE A HFV R IR IR Z 51 . WS4 THR,
ZRIHIR TR I E ANV B U B 7K ke, Dyt CoP 1 AN F 2R () AL

BN, o AL F T B AN B i 4E 4P R BRI B K R Gt A SbRERoR,
T NALRE A& N IR TR AL, SRS EAEL,  FJC AHL A 4E
PR BN R

o, ARFNRBER K BEIKERTE R RS AT RTINS A I AU e SE
MR GBI G] T ADS Y .

CORE: (BHEHAR) 2016-07-13)

“WHARKE” KT ATFREIEKAKEIR

8H29H 5526/m “t ALK Wix29 K 7E 5 M # M B = /R BEIF 4, ISR 1Y
Wiz FEGe “ T SCIU AT RFERIG K HARI/K R 3X — 388, 2RI A fer 6 7K B2 U
LRI K A 25 TP AR o

T T5 W AR BE I bR B e A R AT BB Ak, ARG 28K
JEALIN N ARRECTE A BR T W ) B ™ R PR —,  H AT AN IS R B A RN 0 7K B3 U
PERLE R E KR T, PRI 4Bk 2 TR 2% B /K BEUR PR A - FRAE TR U7 58 IEAE IO 7T
NG BRI E 3 DA Sk 2 & AL R M e i)

AT E S RKIEHALRB K2R « & BWAT HBE e, S KEE e
SN EBR LR RO RO, COKIE SR T e TR E bR e B SCE N A
(VAN

Bt BOANAE R F AR« BL/RBTRACAETT 3 B0y simifl, i S & [ 20304F
RS R RV T “ NPT NSRRI DA R0 AT AT 4 8 B 1 H o5
W0 SEIIZ R ) HAth H A BHEE S 1R H

CRIE:  CRHEHRD)  2016-08-31)

MBS AP AT SBUBRRIFA KT

AT R AEIE H R 4t — P R A R M Bk B K AV E B A AR
AT R ABT R A A SO B AR SR A i Ve B RS, TR B R LT
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G, RO T K AL b G DR BE TS BR AR . ARSI ST R AR AE [ B
FARIAT] ORAEFEDY b

FRER T A P A P2 AR B AVER BT 4, ot H TR S et BT SRR Al L
FBEFARMER . Tk A7 o 7 A B35 AP RS e WAE SRR B b DA, [
AR AR, JFREE SRS A AR R R, BB, Bk, BUR
RS TIAN W RGEEH . AR BREE Ve MRS KA T2 A
TR NI R —E PR I « AL B AF VR B i BOR, S TEVERRBR 255 W) .

A HE TR 2 Ak 2 B A T2 o Bl e e s < S LSRR ZH G BT Mty 2 1 B2
SR A NAR R, DA SR EURE S LB A1) D i k] 28 BRI ZRL A R s e
TREBWRIKEMIER SR, R AMEA R R RO B E KRR TERE. S5
SERRY], EEXH AT AR B MANS RN, SEGIT IR N AR R, X
FRARME S e o R B P R T 102210005 . [, %38 BURA R il 4R — 2D
BEOR, RS TIEIR . SRR T 08 L ARE R TR B 2R s A il 4
VIR BRI R R — B SE B, AT SR T ARG il & L2828 5Lt
RS v LA S AR < o 3 U E ROCR A SRR BRI

AREFIOR, BHTRMAREM., B&HRE, KO- Z 8T Tk
|

ORUE: (R HRY  2016-06-10)

ESRBEHIFE 8 TIXEBEAM &I

AF9H, EZUKEI “HBHTIER ST L E G Jm KI5 RV R H s E T 21
87 WA R A E LU Ror, RABHE R, BRAT ML B R )
B TS S8R R IREOAR, T 5 1) AR AT b & R /KT 5 Rt R i
TZFrE” %,

T AR fe . oY R 98% LA b, MR B+ LR R S
P FE TR BTNy, W B E S m KIS Y™ AR A 5 R 2 A
ML ZV%A Wi, HIVE AR imin BRIz g ik br, BUsA &, Bk
TR RIRAE IR TS A8 R faE

NEREERTT A, E KL R R LR G BIR BRI R 5 4467
7 EETIBOL T “EPHTIER ST E B K R R H s T2 6
W, Beriil, S ZEREIOR, REE FBRAT . BRAT Ml I R R 85 FL A 4
AL R RERGE . HIEHTT SR RIEoR, UZTHRENUT . HAFERSHEE
LRI Z 2R RIS B5 UK 2 TR BOR B RREOR, Bl v 15177 i L fi
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BRI P BAHBC B IR Y0 TR s VR BCRAE 5 K g i A b 7 B R T ol 45 A
MR, g i R RS TN AR RO R4
WREHE B IAEIR R SAT WD T K B 56 R BE R S A EBREOR, B ER
S5 mIal98% L s JTARIRAL “RIML” AR, 73 R R AR s R LR A
BRBR AR By v 1 75% . 80%.
CRIE:  (RHEHR)  2016-04-09)

SR F AR AR ST E KL ARHE

HAT,  “EsmE I TR KA B B B SOR AT A28 4T . E AR
WK R PR B B EX B A, EEANBRKIGE T, ZRENE T
RBAPEBERE, AR R BOARK, 17 HRKACBERCR B2 . T2 E S

TFIFA R R TR RS A IRA R AZRE T2 K T/E. BRI EN
JR KK B RS G BCR = e, @ TR SR, kR, (L. BB KRE,
ATk, EE RS KA, SAINERE S SHEARTE .

CRi:  (BHEZHRD  2016-08-29)

NER “NREE” FEEERKPHS

EEREEZIE H R, DAEATRZ B A RK A B R BA O TRe, 17
IKEERPEERI S I TR GV “ KR, KA —H AR
IKASRIE , A7 RO ELK A5 S 0 — Rl S8 E G A Bl BofTit FUR R RAE (A1
IRIES LS & L.

YE e X A AMNARIE 2 70l R R B & JEBEOR 22 e 4 M SR WE 72
(MT) AR A A 2 AR e Wit Se A 3K R e B BF 78 T RAKS BF 70 B A
27 —SKAERISEY) b, i REBEEN TR SERHEY) . XSBHE
I3 AR BRI, 73 DU O 1 R A R BAR AR R S S R i OR ) S
WEFEN GORAE dh AT 1RGO AL E

IMTIIREFEN R FC 55 Y « FEARSREUL:  “DISURBL, BIREREHR R E 1
T/ A SRR A RN, BEAE RO RORIE B R A I DR B S IR B RE 7T, BRATI 9
SRR — FOARON oK BB B 4K B i e XAl “GOR B E b A s AR )
SRR SRR, IR A, AR, AR UL BRENR IR . 7

YR B AR AR FE R A B BGUKAR Y, n] DL FE IR A
WK e BT TR — A Ecl) H 8 1R IR m “4oK B akomae /s, (2
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H AT S 45 SR 9 A FE 3R At 1 AT RE
WHFEN BAE RSO aRif, KA BRSAE I AR 2 M X R o 8 =Y, A
FCAEAT R B RT A RIS R 9 A 10—V B 22 AR 00 B R S A PR
TR B RAT L o
Ckili:  (BHEZHRD  2016-08-19)

GFDRR FH# 24 B AKX SR RFER LR EZWm I

201648 H25H, 4RI MWKE F4E (GFDRR) SEHUIMBA KA Ny (H A
KA GRS B 5 FE RS B A5 20)1)  (Modernizing Japan's Hydromet
Services: A Report on Lessons Learned for Disaster Risk Management) [k, @it #f
FHARRIK IR MRS, 456 FAh A Je it AR S 2R 4800 1 K AU 7T, &
S5 ARG RS T KT A A0, EENRFE RN, # BhEU 12
B T RS SRRSO IR S B A IE AT HL A B I S e Mgk A T o B S s
WG EZENEWT:

(1) AKICG MRS AL 75 AT 5 BE ) 55 ), X — i Nz fE K
g oo AR E o O/K SO RN NZAE A BB MR BAEN,  [FIS
W FTEEELTAN T Z . @€ 4 [ 1R R — N RREIF I R A RF
TR EE R R E KRR ERA G, EEPHEMAESOX LS, RO E KRR EH
PRI AR T KU R R G EFE KA RIS T H R E R AR 20 . Qs
A BB S (R I R A SRR R B IR B

(2) VEBEVA R B AE SR ROZ W A 5 45 1B SR AR SCT] (NMHS) 1 R
71, ERERMIR . AU R IAIE RS~ R A EFIRT . OF
R RIS R G 75 2 A IR T A R R &3 AH G A RIF A& 1R, 16/
R ERVEREFE,  DAIAOR B2 N 1) B A7 (8 XU Hh i B AR A LB S, Rl e %2
P H AT JEITE . @M T HEREX G 200 RS S, [ S04 B WA E NMHS
VR P i 55 B — AUBOR IR « - PRIV SEA U i B HE QAR AE RIS (E R T

(TER R [ 5, /KU BEAE L B AU J B 5 /K B 2R 58 2 (IWRMD
M8 WRTRERE, MESEEEIWRMETR . IWRMZRA B & iTm—4af
FReL R H bR, IHAE i Fa FE B TR oz e 8 es. £HA, KIORS
L2 VA N IWRM 2 56 4 o

(A FIFERRR S 1R K SOULIN AN E 5 7 B R 48 02 BT AH SR IR S5 ) e Tk 2% AF
ORAFF BB AT DOy X SR AEE 7 R AAEE S 8dE . @48 fligiT
AIEE. ATHRREL. B ORI ) P U R SR K SO R SRS D S, X
TAEARALIE AN ¢ S St B e B, QMM ARG TR, £
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K HIX BL K A BROK SCR GG A SOz A R e (el s e, i BLAE BT R ORIE . 5T
A ANEEE A 5 T A B 4E LA .

(5) KRR RGHRSH O ES&0 (hot backup) X Tk 45 £ 2R
WER . EREVEZR, 2/MNIZA A E R RS, FTRUH R
BRI FEAR TN SRS o XA RS H O B AL E B R I DA 2OEHECR (ICTD
DAL B SR SO B AR A IR 55

(6) SAHKIITR AR YIEAE, @I ASEEH A 3T XS A% 1) 5
JATIUE IR 55 o AP AN B2 22 HE A RO S8 . — 2R E AT e RN 2 Fh
FHRE RS G, B, REHARAERPEME R, FEED —ME &M
FRRTTIMER 2 RS ExE T8, BFEKRIR . 5 H & BN FIH T U5 .

(7) 5 —Z NN AR AR AR A IR IMEIR A, FEshT5 b, &
AT PR EH RSAT S B o IR R I, 38T 22 b )7 2k 0 9t 3 05 BURF AT 2 A T8] f
SRR E . JRRFE T, NGB AT TEAARE R, B UK EEBUT T
H, 8RR R ATE).

(8) KA HIDAAL R i3 T H 7 /oK . R G B A Ak S0
GAE R, I SRE R BUT SR, KO R Bt @ 5B A s AR I
ko MR GER RS ISR BATEE . 7EH A, KRS KA AR KR
AP TR0, XETREAFEHAE B, KBRS 52, K
M BEVRECE 7K SO GRS
JR3CKIR: http:/pubdocs.worldbank.org/en/355891472179524146/DRMHubTokyo-Japan-
Hydromet-Summary.pdf

mE sk

CRIE: B REshZS PR 2016-09-15, 55 18 HLEHE 287 4D

WRI: TEKFIREIRHIRKE NS BERE N

201648 H 17 H A B IEH AL it (WRD KRR —RRXT (TR KSR E L ) &
MBI Y (Water Stress Analysis and Recommendations for Water Resources
Management in Ningxia) HJ4k. iz &2 mt A BIEI AT S T2 RREAHX A
FREUFHER S FEK XK (China Water Risk) JL[FA 58, REF A HKZENT
W BBURFFIAR Y SE L 3 1 T BT 7K ), DLAGE @ B R R T B KR 7
FIREAERISE I o AT SR P A F B YT 72 Bt Aqueduct /K KU 3 B T B P s 17 B
(P2 EIK R 77 (Baseline Water Stress) , 7E#T 7 T E /KB IR B . /K 55 HE DL
LR BRI A b, F R 77 B R PR R K BRI BV AE 2, JF
Feth 1A A 7K B B L.

TEMDOKFFREME =, WD oA A% AT KSR 32 20 Zibih 3
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Ky HETR K BERK BB K, 9000 i FH /K 75 SRR F B K . 7 B /K 2
FEAFANW K ALK RSN & AR A TG K, AR K A K
E190%, FFHHIKBCERMR AR REHT . CRral 2 B k) /&7 B 45 i E
TR T RER BRI SRR AT, R EPRRE R KR, g
TRBKBIE R EOR S . ARARA AT A Rl 7 B XK S ) K. B 4
ERAURAS R, BRI SR 2B S, 2 IR B K SRR T S
DR LA i BT 7K O T2 K BEIFOR IR ) 7 B AE AR R P 7K 7 THI A8 E PR RS

HHFE BT T T ARG T AT A 1SR K K R KB ADKE. FKE
FRAEEE, NTENEEMERE AT T 0. TR AXT70%L Lt X AR I A
AEH WK 7 ARDIAUEME L PS5 T s K BRI B = X . b 7 B
A KA AT AL, 91.5% AYKE Ha B LA Bk o A A2 K BN EE B = A IX o AR AR T
SR BHIRFFIE AR /L RN OSERATIK I, JeHRERE AR
PR QR KB IR R R BRI BEIR S o P b e it et eIt
B AK BRI AT RFEIT R G S KBUR e 3, HESh 2 SRS Z L
il @ISR SR, SRR IR b, R QG YK, ©T RN
B IR AES AR, Sl B A S AL

JESCRIE: http://www.wri.org/sites/default/files/Water Stress Analysis and Recommendations
for Water Resources Management in Ningxia.pdf

CRIE: BFETFREZSMERIR 2016-09-01, 55 17 H1E%E 286 #D)

EREWKEEM S T S R ENH

6 H 20 H 19 i} 20 73, VLVUEEHE S BIEEMES (T BT MEAF, In
UTESRHD RAB . #8220 H 24 I, 32U 5600 A\ O fF, Hrhi
AR 1200 N, B E REMED 4400 N, WA N GBGT . it BaTfRIE xR,
DR KA 2] ETE I K EE . BT tigmd S niEH, SRR R4 .

ORFIZARDY T, Bt FRERP 2108 KR, 4 /K R 2kt
(1 RS S b I 25 B 1 o BRAE VE 22 7K D e 2 DA T B /K R 3, TR /K AL T 4 v,
KA Nk R AR B 2 3K TBRAKAL, R R K R BRI AT K AL, THBR K
LA BRSBTS . WBRAK AL SR, Bt EER D . — B BEleERKED R, K
JE KL B 4% 5 B T & 75 R R R K AT

I3 AT O R AR X B3 R AT o o B e SR e A2 7 Tt P2
B 2T — AN P AR B —— WU R AT ANE,  BIFERAKEAY, whes Il
IKE B K EA R TR T K . DR, KR A A B PR N I A 2
TEFFIROK . — et /N K PE AR 50 VA S 1 7 8, O IX B 2 4 ) T /K17
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WARGE, R 7K 2R 7K AL R SE Bk M 175 0 2 75 18 ) i SR D & ittt . 225
] E AR EB ERAMOREREE, W T SRS A EHEE AR
RUK PR B3R — I [ ZEn] gl R A+ LB L0 k. 7

e T 7 i A P Y -2 = PN AR 7R S i G < R 1 s 97
Ko WIRAEESLIF R IVENS], BUAHSCHES I FE /K B Bkt 0 itk vt 7 7T g
VRIS, Sem kX AR “PUER 7, DS 2 1 A 70 70 I 8] il oL S5 s ) o
o

“TUEAR R IRABEN NGRS SCA,  ANBUR 2125 A Falk B A7 218508 2 Ak, 2R
W, EBVERRME S, RBUERRATE). 7 R, EKRAE K
A IS, B R O PR AR SE 7T 58 o R DX REARSE B B SEBRTE O, X
BOKTUEAR R B ST BAT BN L. FERFICA, A —F i % BRI 2,
B TRESHAT A, H LRI ERGTIY. A SR, XDy T I
HH R AR AR RE A IR AR AT AT

FEIRE, TS B AL Gl N T BUZ g n) N ilfe , XX BUFTHI ST R
EHKF RS s B R . O H TR, ST EIRSERIN, BUH S AR
DI EATEN, TS R4 BEIL I8 HE , F R PR LTt S A K 0 A i I P41k . 7

Okl CRHEHAR)  2016-06-21)

FRRKFRRBNTHERE-ERERMH A RITIE AEREFN

TR T X R IR E G A NG S KRR SR f K K BRI AR
JE 78R K BRI e A AR o P f R M X 22—, Bl S AR AR N RIS 3l (1 52
TS X ] R K B R R LR R . 7 o EKERHSE K SR FT R R B
KX F 12 H 2R H H Rl & B Ui 20w .

SUHEBIHL X AR P S E A E 11%, (B2 PR EREA 2 2 E1%, A¥KE
TR EEFRMEIL9, KEIRFM S ST SRR TR ER, 5
B [X 4 15 /K B YR R 1956-19794F 1) 2911257 J5 K k21> #1 1980-20004F 1121912, 57
JiK, 2001-20104F 45 i &k — gD BI16644 53277 K AB/KE i EH 225044
[£110012, 57 J5 K Ik /b $112000-20144F 1) 244257 75 K

NT ARG TH R, FUEFHL X AT H T BRI RS IR A o B4 55 2845118
I 3 A 3 X B VAT 3 B BRI Wi260 2 K, I M T AR tH 20 504 AR ek
T 75%, 19804 AR B 5 JLF- oK N B D B RI5 K NI, R 7K R il
KB I 15501237 75K, TE R T 3.33F U7 A B2 H T /KGR X F14.8 757 J7 /3 FRIR
JEHLTRKEERIX, B4R RN RRREECRI] “H N7k .
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W s S D A S P K ) St R R /K AL T AR R 2R AR AR AR K, R
S DK B 55 AR A R AR, /K B 22 4 O s A T s 26T R PR AR 25K
“IR RS AR = A E O ALK, SeE T K BRI R AR AT, SR T A K BE
PR ORI, PRI € 7K B 22 A DRy 58, BEAA AR DR IX 3K B il 2 4 )i,
BERRN. HET, A miH «5tE R K BT 2 2 ORBE BRI R R S 7- Y
W7 A E K E SRR OKBEIRERAOT KA 7 L 15020165 £ 5t .

I dd, I B RUEE R DOK PRI R E AR R . A OK S &)™ R M MK B
LA RBERARRENR, A REN R — 2 98 NS B IX K A s A L
SRR, Hon s S XOR A e R LR R S 0, JR
FARPEA S VAR R SR ASE G2k TOKRIRZ HARhRIFCE, JF Rt
SUX ZKIRZ A FIACE., SRR B 2R —F 2KIEA RS

XFit, BB HE R, I RS XK BT R AU R B a0 e, R
SR S RE AL 5 RAG R AL, T PR PR K BRI A TR % OKFE B, A
Jit b AR AR A PSR PEA AR MR AEAT Y, PR s Bt 3 DR A A 4 i R
AHLEE SRR SR, SR R R SR SRR A R 2 A 2 A RBR R RL A3 At . RIS,
TK G SRR G XA AE R Y XA ATk 302 A TE A 2 TR K S84 5 A o o
5, WA AE TR B BRI 75 SRR BB DL T, A 7K B B Ao DAL Al R 5 2 S8 3t
DX 7K B C 5 22 4 O B (R R B AR 22 ) AL

CHEEIATHIBTT, TS GRS XK SRR FHRCR 52 7120%, T /Kt
K H KA 80%, FRAE/KH B BI201252 77 K B b, G2 i s S /K B YR
JE 3, HESESARREN B AR KA RS, REERTARFDOK R 4, 7 R
BIrA.

CRIFE: (B H#HY 2016-09-13)

ERELWE 1000 7 RIERR Okeechobe B HELE




MaAENE (49 A)

HI A 75 5 R 2 ROK AR B P ARSI E ORI T S 2 BRIk . R
Everglades FoundationJ 42400 i & B — 1511000 /7 35 4 [ 22 T il 87 1T P sl AR
I A LA DRIX — [ 7L

%34 % N George Barley Water Prize, & FITHEAR H bri& HIWAEA 17K
RRPHITE AL 12056 7T F G2 015 FBH- X Melodie NajaZrr, ZSEILIXAN H
PRARAHERE, ERIAIAE — &/ AT USR]

SIFR KT Bl A5 H, 3£ 9h % Bk MR KRR 7K B Okeechobee ] 15 4 2
Ko VEEBEMEIBH R, TSR, BRI AR A, REgkizX
IR K BT HE 2 AR E BT, B TRKIR B S E AN KA ISt Lucie
IE M HER E T Okeechobeeid .

BT B R I S F AR TS J AN R K HETBURR s SRR K ENATP SIS AR o B8 AT kP
FE—ANFERF HAE R BRI FE . %2200 (George Barley Water Prize) [ B £ S
R EINZ A R INE

HAT IS CIEUTG BT oRIV6AN A izt G408 313.5 /7 36 & 1 T 2 i+
TOUT I H o XL G F R BRI — 2D I IR AT TR IR BT IR AR E 26 K
JRR . %, ikt — DTN RAMATRVG BEITH , 1%/ 3R 15100075 36
EAINES/TI

K H NOAA P BT 78 S0 % B AE 222 X Tim DavisihJy, XA AR5 H 5]
AR EER, TR B 1) UE W AT H P T BOR AR iR A5 B 2P sk
Jiti, MR BB SRR A, AR BT VA g KT

Nt 2AH LR R IER 2 —, Davisiit, (HZ2FA1H aTEA 782 M NI
RN o AN P Al R )RR A RO N — b

CRJE:  http:/lwww.sciencemag.org/news/2016/07/everglades-foundation-launches-10-million-prize-clean-

toxic-algae-blooms #R#EAH I ¥k 4w i)

S ‘B =hz—

9H26H B9, VLPHESFHMI A T /K /KA 910.24°K, 18I 10K HIAEKAL.
PEITPYEAKSCR I, 100 R, 2 EE8AK MR A KA

0 FE1TB S 2 B0 1 PRSI 8k24 R B A Sz, 3 e €00 PR 9RT PR K T AR T R
AN AR AR S A . < F AR B A T AR AN 21100015 23 BL, A S =R /KT
13, T BEEHIIRG A — o AR AT, SR FIEW A, MK IE K.
L7648 7K SR B JR 23 [ SCAE R 3 R s H AR 3 R Ui I Ui

FL b, ASERBRBRENAKE, ZREZE. SFEIIEI] EATt4
BAHZFETHREMZ 14%. 7040, BFWHEARE 7Bt DR B iRtk
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FAREE R EEBN K, AN F. LAEPIATT R S Ia R SIRE . KA
JTENT KA Z R H il & RV RR, A4 AR RH W OB B A KA
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