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High-resolution mapping of global surface water and its long-term
changes

Jean-Francois Pekel, Andrew Cottam, Noel Gorelick

The location and persistence of surface water (inland and coastal) is both affected by climate and human
activityl and affects climate2, 3, biological diversity4 and human wellbeing5, 6. Global data sets
documenting surface water location and seasonality have been produced from inventories and national
descriptions?, statistical extrapolation of regional data8 and satellite imagery9, 10, 11, 12, but measuring
long-term changes at high resolution remains a challenge. Here, using three million Landsat satellite
images13, we quantify changes in global surface water over the past 32 years at 30-metre resolution. We
record the months and years when water was present, where occurrence changed and what form
changes took in terms of seasonality and persistence. Between 1984 and 2015 permanent surface water
has disappeared from an area of almost 90,000 square kilometres, roughly equivalent to that of Lake
Superior, though new permanent bodies of surface water covering 184,000 square kilometres have
formed elsewhere. All continental regions show a net increase in permanent water, except Oceania,
which has a fractional (one per cent) net loss. Much of the increase is from reservoir filling, although
climate changel4 is also implicated. Loss is more geographically concentrated than gain. Over 70 per
cent of global net permanent water loss occurred in the Middle East and Central Asia, linked to drought
and human actions including river diversion or damming and unregulated withdrawall5, 16. Losses in
Australial7 and the USA18 linked to long-term droughts are also evident. This globally consistent,
validated data set shows that impacts of climate change and climate oscillations on surface water
occurrence can be measured and that evidence can be gathered to show how surface water is altered by
human activities. We anticipate that this freely available data will improve the modelling of surface forcing,
provide evidence of state and change in wetland ecotones (the transition areas between biomes), and
inform water-management decision-making.
CRE: Nature, 2016, 540: 418-422 doi:10.1038/nature20584 )
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Evaluating early-warning indicators of critical transitions in natural
aquatic ecosystems

Alena Sonia Gsell; Ulrike Scharfenberger; Deniz Ozkundakci; et al.

Ecosystems can show sudden and persistent changes in state despite only incremental changes in
drivers. Such critical transitions are difficult to predict, because the state of the system often shows little
change before the transition. Early-warning indicators (EWIs) are hypothesized to signal the loss of
system resilience and have been shown to precede critical transitions in theoretical models,
paleo-climate time series, and in laboratory as well as whole lake experiments. The generalizability of
EWIs for detecting critical transitions in empirical time series of natural aquatic ecosystems remains
largely untested, however. Here we assessed four commonly used EWIs on long-term datasets of five
freshwater ecosystems that have experienced sudden, persistent transitions and for which the relevant
ecological mechanisms and drivers are well understood. These case studies were categorized by three
mechanisms that can generate critical transitions between alternative states: competition, trophic
cascade, and intraguild predation. Although EWIs could be detected in most of the case studies,
agreement among the four indicators was low. In some cases, EWIs were detected considerably ahead
of the transition. Nonetheless, our results show that at present, EWIs do not provide reliable and
consistent signals of impending critical transitions despite using some of the best routinely monitored
freshwater ecosystems. Our analysis strongly suggests that a priori knowledge of the underlying
mechanisms driving ecosystem transitions is necessary to identify relevant state variables for
successfully monitoring EWIs.

CkJE: PNAS, 2016, 113(50) : E8089-E8095)
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Lanthanide-dependent cross-feeding of methane-derived carbon is
linked by microbial community interactions

Sascha M. B. Krause; Timothy Johnson; Yasodara Samadhi Karunaratne; et al.

The utilization of methane, a potent greenhouse gas, is an important component of local and global
carbon cycles that is characterized by tight linkages between methane-utilizing (methanotrophic) and
nonmethanotrophic bacteria. It has been suggested that the methanotroph sustains these
nonmethanotrophs by cross-feeding, because subsequent products of the methane oxidation pathway,
such as methanol, represent alternative carbon sources. We established cocultures in a microcosm
model system to determine the mechanism and substrate that underlay the observed cross-feeding in the
environment. Lanthanum, a rare earth element, was applied because of its increasing importance in
methylotrophy. We used co-occurring strains isolated from Lake Washington sediment that are involved
in methane utilization: a methanotroph and two nonmethanotrophic methylotrophs. Gene-expression
profiles and mutant analyses suggest that methanol is the dominant carbon and energy source the
methanotroph provides to support growth of the nonmethanotrophs. However, in the presence of the
nonmethanotroph, gene expression of the dominant methanol dehydrogenase (MDH) shifts from the
lanthanide-dependent MDH (XoxF)-type, to the calcium-dependent MDH (MxaF)-type. Correspondingly,
methanol is released into the medium only when the methanotroph expresses the MxaF-type MDH.
These results suggest a cross-feeding mechanism in which the nonmethanotrophic partner induces a
change in expression of methanotroph MDHs, resulting in release of methanol for its growth. This
partner-induced change in gene expression that benefits the partner is a paradigm for microbial

3
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interactions that cannot be observed in studies of pure cultures, underscoring the importance of synthetic
microbial community approaches to understand environmental microbiomes.
CRJE: PNAS, 2016, doi: 10.1073/pnas.1619871114)

Algal blooms increase heterotrophy at the base of boreal lake food
webs-evidence from fatty acid biomarkers

Johansson, Karin S. L.; Trigal, Cristina; Vrede, Tobias; et al.

Physical defenses and grazer avoidance of the bloom-forming microalga Gonyostomum semen may
reduce the direct coupling between phytoplankton and higher trophic levels and result in an increased
importance of alternative basal food resources such as bacteria and heterotrophic protozoans. To assess
the importance of algal and heterotrophic food resources for zooplankton during G. semen blooms and
the effects of zooplankton diets on a higher consumer, we analyzed the fatty acid composition of
zooplankton and the invertebrate predator Chaoborus flavicans from eight lakes along a gradient in the
predominance of G. semen relative to other algae and the duration of G. semen blooms. The proportion
of fatty acids of bacterial origin increased significantly along the G. semen gradient in all consumers
studied. In addition, the proportion of polyunsaturated fatty acids (PUFA) decreased in cladocerans.
These results suggest that heterotrophic pathways can compensate for a reduced trophic coupling
between phytoplankton and filter-feeding zooplankton. The lower PUFA content in cladoceran prey from
lakes at the higher end of the G. semen gradient did not affect the PUFA content of the predator C.
flavicans, suggesting selective assimilation and retention of PUFA and/or feeding on other, more
PUFA-rich prey.
CEJE: LIMNOLOGY AND OCEANOGRAPHY, 2016, 61(5): 1563-1573)

Terrestrial prey fuels the fish population of a small, high-latitude lake

Milardi, Marco; Kakela, Reijo; Weckstrom, Jan ; et al.

The significance of terrestrial carbon subsidies in lake ecosystems has been under active research, but
the contribution of terrestrial energy to the highest trophic levels has been explored less frequently. Here,
we examined the terrestrial energy contribution to the ingested and assimilated diet of introduced brown
trout (Salmo trutta) in a small, high-latitude lake using stomach content, stable isotope and fatty acid
analyses. Stomach content analysis of brown trout indicated a terrestrial contribution of 29 % during the
open-water season. Terrestrial prey was mainly composed of rodents (23 % in volume), but also
amphibians and terrestrial insects. A longer term estimate, obtained with a mixing model (SIAR) for liver
and dorsal muscle stable isotopes from 2010 and 2011, revealed a terrestrial contribution of 68.5 and
63.5 %, respectively. Through a similar model, fatty acid analysis on 2011 samples estimated a
contribution of 71.5 %. Despite the relatively high proportion of rodents in the trout ingested diet, no
correlation was evident between the long-term rodent cycles and terrestrial energy contribution estimated
with stable isotopes of muscle. Terrestrial prey were an important long-term energy source for fish in
small high-latitude lake, but its contribution was not directly dependent on the availability of pulsed

resources such as small mammals.

Ck¥: AQUATIC SCIENCES, 2016, 78(4): 695-706)
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Lake geochemistry reveals marked environmental change in Southwest
China during the Mid Miocene Climatic Optimum

Julie Lebreton-Anberrée; Shihu Li Email author ; Shu-Feng Li; et al.

The Mid-Miocene Climatic Optimum (MMCO; ~15-17 Ma) was one of the short-term climatic warm
events that punctuated the Cenozoic long-term cooling trend. Because there are very few terrestrial
records of this event, most of our understanding comes from marine cores. In this report, we first present
new palaeomagnetic data that revises the dating of our 400 m-thick lacustrine section in Wenshan
(Yunnan), previously thought to be Late Miocene. These new data suggest an older age, ca. 15.2-16.5
Ma, coinciding with the MMCO. We measured 613C on bulk organic matter (613Corg), total organic
carbon (TOC), total nitrogen (TN) and C/N ratios at a high sample resolution to: (1) reconstruct the
palaeoenvironmental changes in the lake catchment area, and (2) infer mechanisms responsible for
these changes. Our results show that all four geochemical parameters demonstrate that a strong
environmental change occurred around the middle of the section, shortly after the C5Cn/C5Br
geomagnetic reversal and the Early/Middle Miocene boundary at 15.97 Ma. We propose that the
environmental shift may be due to a combination of a change in climate, which became cooler, together
with a change in organic matter cycling within the lake. This study provides a new insight into the MMCO
and demonstrates that although the MMCO was generally a warm event, it was also a time of climatic
instability and abrupt environmental changes.

CkJH: Science Bulletin, 2016, 61(11): 897-910)

delta D values of n-alkanes in sediments from Gahai Lake, Gannan,
China: implications for sources of organic matter

Duan, Yi; Zhao, Yang; Wu, Yingzhong; et al.

Gahai Lake in the Gannan region, located in the northeast of the Tibetan Plateau, is the largest pristine
freshwater lake on the plateau. Surface sediments in the Gahai Lake were systematically sampled, and
n-alkane distribution and hydrogen isotope were analyzed by a gas chromatograph-mass spectrometer
and a gas chromatograph-interface-isotope ratio mass spectrometer. The delta D values of n-alkanes in
the sediments ranged from -247 to -161 % and the mean values varied between -222 and -182 %. The
studied sediments were divided into types | and Il based on the average delta D values of n-alkanes. The
average delta D values of n-alkanes in type | sediments were significantly higher than those in type Il
sediments and there were good correlations among the delta D values of the n-alkanes from the two
sediment types. The delta D values of type | sediments indicated that the C-21-C-33 odd-numbered
n-alkanes were derived mainly from aquatic plants in the Gahai Lake, while the delta D values of type Il
sediments showed that C-27-C-33 odd-number n-alkanes were derived from terrestrial herbaceous
plants. This assessment of n-alkane sources was also confirmed by their distributions. It was inferred that
the medium-chain length n-alkanes of relatively high abundance, low delta D values, and low carbon
preference index values were derived principally from bacteria. The distribution patterns of the
sedimentary n-alkane delta D values for the plateau humid-climate freshwater lake and dry-climate saline
lake systems were compared. The results further confirmed that sedimentary n-alkanes record the
hydrogen isotopic composition of source water used by organisms. Therefore, delta D values of

sedimentary n-alkanes can be used as geochemical indicators for sources of sedimentary organic matter
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and in paleoclimate studies. Our results also showed that the delta D values of n-alkanes from sediments

within the lake can differ significantly for a given time period owing to their different biological sources.
This should be taken into account when reconstructing paleoclimatic and hydrologic conditions using

sedimentary n-alkane delta D values.

CE¥E: JOURNAL OF PALEOLIMNOLOGY, 2016, 56(2-3): 95-107)

Sedimentological and geochemical responses of Lake Zabinskie
(north-eastern Poland) to erosion changes during the last millennium

Bonk, Alicja; Kinder, Malgorzata; Enters, Dirk; et al.

Increased erosion triggered by land-use changes is a major process that influences lake sedimentation.
We explored the record of erosion intensity in annually laminated sediments of Lake Zabinskie, northeast
Poland. A 1000-year-long, annually resolved suite of sedimentological (varve thickness, sediment
accumulation rate) and geochemical data (scanning XRF, loss on ignition, biogenic silica) was analyzed
with multivariate statistics. PCA indicated erosion was a major process responsible for changes in the
chemical composition of the sediments. Analysis of sedimentary facies enabled identification of major
phases of erosion that influenced lake sedimentation. These phases are consistent with the history of
land use, inferred from pollen analysis. From AD 1000 to 1610, conditions around and in Lake Zabinskie
were relatively stable, with low erosion intensity in the catchment and a dominance of carbonate
sedimentation. Between AD 1610 and 1740, higher lake productivity and increased delivery of
minerogenic material were caused by development of settlements in the region and widespread
deforestation. The most prominent changes were observed between AD 1740 and 1880, when further
land clearance and increased agricultural activity caused intensified soil erosion and higher lake
productivity. Landscape clearance also created better conditions for water column mixing, which led to
changes in redox conditions in the hypolimnion. The most recent period (AD 1880-2010) was

characterized by partial reforestation and a gradual decrease in the intensity of erosional processes.

CkJH: JOURNAL OF PALEOLIMNOLOGY, 2016, 56(2-3): 239-252)

Holocene carbonate record of Lake Kivu reflects the history of
hydrothermal activity

Jillian E. Votava; Thomas C. Johnson; Robert E. Hecky.

The sediment record of Lake Kivu reveals a complex volcanogenic and climatic Holocene history.
Investigation of the inorganic carbonate record dates the onset of carbonate deposition in the
mid-Holocene in Kivu’s deep northern and eastern basins and identifies conditions enabling deposition.
The magnitude and timing of carbonate-rich sedimentation is not so much controlled by climate but,
instead, linked strongly to hydrothermal activity in the basin. Sublacustrine springs supply the vast
majority of the calcium and carbonate ions required for supersaturation with respect to aragonite. This
major hydrothermal activity that permanently stratifies Lake Kivu today was initiated ~3,100 y before
present (3.1 ka), when carbonate-rich sediments first appeared in the Holocene record. Aragonite is the
dominant CaCOs mineral present in the lake deposits. Both §'3C and 580 of the aragonite are enriched

above the expected kinetic fractionation of meteoric waters, suggesting a volcanogenic influence on the
6
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formation waters. Repeated major fluctuations in the carbonate record after 3.1 ka therefore most likely

reflect the historical variation in hydrothermal inputs.

CRJE: PNAS, 2016, doi: 10.1073/pnas.1609112113)
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Differential N2O dynamics in two oxygen-deficient lake basins revealed
by stable isotope and isotopomer distributions

Wenk, Christine B.; Frame, Caitlin H.; Koba, Keisuke; et al.

Lakes are a nitrous oxide (N20) source to the atmosphere, but the biogeochemical controls and microbial
pathways of N2O production are not well understood. To trace microbial N2O production (denitrification,
nitrifier denitrification, and nitrification) and consumption (denitrification) in two basins of Lake Lugano,
we measured the concentrations and N and O isotope compositions of N20, as well as the intramolecular
N-15 distribution, i.e., site preference (SP). Our results revealed differential N2O dynamics in the two lake
basins, with N20O concentrations between 12 nmol L-1 and>900 nmol L-1 in the holomictic South Basin,
and significantly lower concentrations in the meromictic North Basin (<13 nmol L-1). In the South Basin,
the isotope signatures reflected a complex combination of N2O production by nitrifying bacteria through
hydroxylamine (NH20H) oxidation, N2O production through incomplete denitrification, and N2O reduction
to N-2, all occurring in close vicinity within the redox transition zone (RTZ). In the North Basin, in contrast,
the N20 isotopomer signatures suggested that nitrifier denitrification was the main N20 source. The
pronounced decrease in N2O concentrations to undetectable levels within the RTZ, in tandem with an
7
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increase in N-15-N20, 0O-18-N20, and SP indicated quantitative N20O consumption by microbial
denitrification. In the northern basin this was primarily sulfide-dependent. The apparent N and O isotope
enrichment factors associated with net N2O consumption were (15)epsilon approximate to 3.2 parts per
thousand and (18)epsilon approximate to 8.6 parts per thousand, respectively. The according O-18 to
N-15 enrichment ratio ((18)epsilon: (15)epsilon approximate to 2.5) is consistent with previous reports for

microbial N20 reduction, underscoring its robust nature across environments.

CKJE: LIMNOLOGY AND OCEANOGRAPHY, 2016, 61(5):1735-1749)

Occurrence investigation of perfluorinated compounds in surface
water from East Lake (Wuhan, China) upon rapid and selective
magnetic solid-phase extraction

Yusun Zhou; Yun Tao; Huarong Li; et al.

Using a novel magnetic nanocomposite as adsorbent, a convenient and effective magnetic solid-phase
extraction (MSPE) procedure was established for selective separation and concentration of nine
perfluorinated compounds (PFCs) in surface water sample. Then an ultra high-performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS) system was employed for detection of
PFCs. Good linearity of the developed analytical method was in the range of 0.5-100ng L-1 with
R2>0.9917, and the limits of detection (LODs) ranged from 0.029 to 0.099ng L-1. At three fortified
concentrations of 0.5, 5 and 50 ng L—-1, the spiked recoveries of PFCs were in the range of 90.05-106.67%
with RSDs <12.62% (n =3). The proposed analytical method was applied for determination of PFCs in
surface water from East Lake (Wuhan, China). The total concentrations of nine PFCs ranged from 30.12
to 125.35 ng L-1, with perfluorooctane sulfonate and perfluoroctanoic acid as the most prevalent PFCs,
and the greatest concentrations of PFCs were observed in Niuchao lakelet. The concentrations of the
PFCs (C = 11) were mostly less than the limits of quantification (LOQs), attributed to the possibility that
the more hydrophobic long-chain PFCs are potential to accumulate in sediment and aquatic biota.
CRiE: SCIENTIFIC REPORTS, 2016, doi:10.1038/srep38633)

Aggregation kinetics of inorganic colloids in eutrophic shallow lakes:
Influence of cyanobacterial extracellular polymeric substances and
electrolyte cations

Xu, Huacheng; Yang, Changming; Jiang, Helong.

The stability/aggregation propensity of inorganic colloids in eutrophic shallow lakes is of great essence in
governing the water transparency and contaminant behavior. In this study, time-resolved dynamic light
scattering was employed to investigate the aggregation kinetics of Al2Os inorganic Colloids over a wide
range of cyanobacterial extracellular polymeric substance (EPS) concentrations in the absence and
presence of electrolyte cations. The results showed that EPS adsorption alone greatly decreased the
hydrodynamic diameters of colloidal particles, whose stability behavior followed closely the predictions of
the classical DLVO theory. Electrolyte cations, however, can induce the aggregation of colloidal particles,
and divalent Ca?* were found to be more efficient in destabilizing the colloids than monovalent Na*, as

indicated by the considerably lower critical coagulation concentrations (2.5 mM for Ca?* vs. 170 mM for

8



HMaHEHE (1012 A)

Na*). Further addition of Ca?*, i.e., >2.5 mM, caused an extremely high aggregation degree and rate.
High resolution transmission electron microscopy revealed that this enhanced aggregation should be
attributed to the gel-like bridging between colloidal particles, which were verified to be the amorphous
EPS-Ca?* complexes. Field-emission scanning electron microscopy coupled with elemental mapping
provided additional evidence that the bridging interaction of EPS with Ca?* was the predominant
mechanism for the aggregation enhancement.

CkiE: WATER RESEARCH, 2016, 106: 344-351)

Performance of novel media in stratified filters to remove organic
carbon from lake water

Grace, Maebh A.; Clifford, Eoghan; Healy, Mark G.

Disinfection by-products (DBPs) are an ever-increasing occurrence in water networks, particularly those
which abstract water from peatland areas. Although much research has been carried out to discover
novel methods to remove specific DBPs, the removal of natural organic matter (NOM) from source water
may provide a more sustainable solution in many areas. This study focuses on the removal of NOM by
novel filters, which could be retrospectively fitted to any conventional water treatment facility. The filters
comprised stratified layers of a variety of media, including sand, Bayer residue, granular activated carbon
(GAC), and pyritic fill. The filters were operated under two loading regimes, continuous and intermittent,
at loading rates similar to recognised design standards. The most successful filter design comprised
stratified layers of sand, GAC, and pyritic fill. Over the duration of a 240 day study, these filters obtained
average dissolved organic carbon removal rates of 40%, and achieved average specific ultra-violet
absorbance reductions from 2.9 to 2.4 L mg(-1) m(-1). The study demonstrates that these novel filters
may be used to reduce NOM levels, thus reducing the potential for DBP formation. Such designs can
incorporate the use of waste media, making the overall design more sustainable and robust.
CKiF: WATER RESEARCH, 2016, 104: 371-380)

Nutrient reduction magnifies the impact of extreme weather on
cyanobacterial bloom formation in large shallow Lake Taihu (China)

Yang, Zhen; Zhang, Min; Shi, Xiaoli, et al.

Cyanobacterial bloom formation is dependent on nutrient levels and meteorological conditions. In this
study, we elucidated the effects of extreme weather events (EWES, heavy rainfall and strong winds) on
the cyanobacterial blooms in Lake Taihu in recent years based on an analysis of the meteorological,
nutrient, and bloom area data from 2007 to 2015. The levels of total phosphorus (TP) and total nitrogen
(TN) decreased by 42.5% and 31.2%, respectively, in the water of Lake Taihu over the past nine years.
However, the frequency and intensity of cyanobacterial blooms did not significantly decrease. A total of
50.5% of the extended blooms (>300 km(2)) were associated with EWEs from 2007 to 2015, 36.2% of
which were due to heavy rainfall and 38.3% of which were due to strong winds (25.5% were due to both).
Interestingly, the frequency of the EWE-induced extended blooms significantly increased after 2012.
Principal component analysis (PCA) showed that this frequency correlated positively with EWE-induced
nutrient increases in the water, indicating that the complement from nutrient increases induced by EWE

allow cyanobacterial cells to reach high biomass under relatively low nutrient condition. Our results
9
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suggest that EWESs play a more important role in extended bloom formation after the nutrient levels in
shallow lakes are reduced.

CkiH: WATER RESEARCH, 2016, 103: 302-310)

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.

CkJH: WATER RESEARCH, 2016, 102: 32-40)

Occurrence and partitioning of bisphenol analogues in water and
sediment from Liaohe River Basin and Taihu Lake, China

Jin, Hangbiao; Zhu, Lingyan.

Bisphenol analogues are widely used in the manufacture of polycarbonate plastics and epoxy resins, and
the demand and production capacity of these compounds are growing rapidly in China. The occurrence
and distribution of bisphenol analogues other than bisphenol A (BPA) in the aquatic environment is still
poorly understood. In this study, nine bisphenol analogues were measured in water and sediment
samples from Taihu Lake (TL), Liaohe River basin, including Liaohe River (LR) and Hunhe River (HR),
China. Water samples from LR and HR contained much higher total bisphenols (Sigma BPSs)
concentrations. BPA and bisphenol S (BPS) were predominant with a summed contribution of 55, 75,
and 75% to the Sigma BPs in TL, LR, and HR waters, respectively. This suggests that BPA and BPS
were the most widely used and manufactured bisphenols in these regions. In sediment, BPA was always
predominant, with the next abundant compound bisphenol F (BPF) in TL and HR sediment, but BPS in
LR sediment. The average field sediment water partitioning coefficients (log K-oc) were calculated for the

10



BiaAEHA (1012 )

first time for certain bisphenols and were determined to be 4.7, 4.6, 3.8, 3.7, and 3.5 mL/g for BPF, BPAP,
BPA, BPAF, and BPS, respectively.

CkJE: WATER RESEARCH, 2016, 103: 343-351)

The role of sediments in the carbon budget of a small boreal lake

Chmiel, Hannah E.; Kokic, Jovana; Denfeld, Blaize A.; et al

We investigated the role of lake sediments as carbon (C) source and sink in the annual C budget of a
small (0.07 km(2)) and shallow (mean depth, 3.4 m), humic lake in boreal Sweden. Organic carbon (OC)
burial and mineralization in the sediments were quantified from Pb-210-dated sediment and laboratory
sediment incubation experiments, respectively. Burial and mineralization rates were then upscaled to the
entire basin and to one whole year using sediment thickness derived from sub-bottom profiling, basin
morphometry, and water column monitoring data of temperature and oxygen concentration. Furthermore,
catchment C import, open water metabolism, photochemical mineralization as well as carbon dioxide
(CO2) and methane (CH4) emissions to the atmosphere were quantified to relate sediment processes to
other lake C fluxes. We found that on a whole-basin and annual scale, sediment OC mineralization was
three times larger than OC burial, and contributed about 16% to the annual CO2 emission. Other
contributions to CO2 emission were water column metabolism (31%), photochemical mineralization (6%),
and catchment imports via inlet streams and inflow of shallow groundwater (22%). The remainder (25%)
could not be explained by our flux calculations, but was most likely attributed to an underestimation in
groundwater inflow. We conclude that on an annual and whole-basin scale (1) sediment OC
mineralization dominated over OC burial, (2) water column OC mineralization contributed more to lake
CO2 emission than sediment OC mineralization, and (3) catchment import of C to the lake was greater
than lake-internal C cycling.
CEJE: LIMNOLOGY AND OCEANOGRAPHY, 2016, 61(5): 1814-1825)

Effects of silver nanoparticles on bacterioplankton in a boreal lake

Blakelock, Graham C.; Xenopoulos, Marguerite A.; Norman, Beth C.; et al.

Silver nanoparticles (AgNPs) are widely used antimicrobial agents and a growing body of evidence
suggests that their release into aquatic environments threatens natural bacterial communities and whole
ecosystems. However, a knowledge gap exists between the toxic effects of AgNPs found in laboratory
studies and their potential impacts in natural environments. In an enclosure experiment conducted in a
boreal lake, we exposed natural bacterial communities to AgNPs with two common types of coatings
(polyvinylpyrrolidone(PVP) and citrate) under two different exposure regimes, a one-time (pulse) and a
continuous (chronic) addition. AgQNP additions increased Ag concentrations to nearly 50gL(-1) in the
highest treatments. We examined bacterial responses (abundance, biomass, production, chlorophyll-a
content and nutrient stoichiometry) over the course of 6weeks in the summer of 2012. Bacterioplankton
exposed to AgNPs initially accumulated Ag over the experimental period regardless of AgNP
concentration or coating. After the initial period of increase, Ag in the bacterial size fraction changed
largely in concert with bacterial biomass. We found no toxic effects of AQNPs on bacterioplankton
abundance, biomass, production or chlorophyll-a content throughout the experiment. Bacterial
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production was greater after the pulse addition of PVP-coated AgNPs and in the chronic addition of
PVP-coated AgNPs at the highest concentrations. Furthermore, AgNPs produced no significant changes
in nutrient stoichiometry of the bacterioplankton size fraction. This lack of effects of AgNPs on lake
bacterioplankton observed under the natural conditions studied here differs from results of short-term
and laboratory studies of single-species bacterial cultures. Our results thus indicate AgNP effects in lakes
may be less than expected based on standard laboratory experiments, and that additional studies are

needed to understand AgNP toxicity under realistic natural conditions in lakes and other ecosystems.

(kJ6: FRESHWATER BIOLOGY, 2016, 61(12): 2211-2220)

The effect of increased nitrogen load on phytoplankton in a
phosphorus-limited lake

Poxleitner, Monika; Trommer, Gabriele; Lorenz, Patrick; et al.

Widespread use of artificial fertilisers and the burning of fossil fuels and/or biomass release a large
amount of reactive nitrogen into the atmosphere. So far, the effects of increasing nitrogen deposition
from the atmosphere have mainly been studied in nitrogen-limited limnic and marine systems.
Interestingly, in phosphorus-limited lakes, additional nitrogen input might not affect phytoplankton
biomass, but rather increase mainly the degree of phosphorus limitation. The resulting effects on
plankton communities are difficult to predict and quantify. To estimate the effects of increasing nitrogen
load on a spring phytoplankton community in a primarily phosphorus-limited system, a mesocosm
experiment was performed in an oligotrophic lake, in which a gradient of six increasing nitrogen
enrichment levels was applied. During the initial phytoplankton growth phase (spring bloom), molar,
seston nitrogen:phosphorus ratios increased from 43 to 72 and carbon:phosphorus ratios from 328 to
542 with increasing nitrogen enrichment, indicating increased phosphorus limitation. Three commonly
used phytoplankton biomass proxies (phytoplankton biovolume, chlorophyll a and particulate organic
carbon) showed only minor responses to nitrogen enrichment. Different groups and species of
phytoplankton varied in their responses to the nitrogen enrichment in both the growth phase (spring
bloom) and the descending phase (clear water phase). Overall, we detected an effect of nitrogen
enrichment on phytoplankton stoichiometry and community composition. The observed changes in the
phytoplankton community combined with changes in abundances of heterotrophic nanoflagellates and
ciliates indicate bottom-up driven alterations of the basal food web due to increased nitrogen loads.
CKiF: FRESHWATER BIOLOGY, 2016, 61(11): 1966-1980)

Comparing microscopic counts and pigment analyses in 46
phytoplankton communities from lakes of different trophic state

Schluter, Louise; Behl, Stephan; Striebel, Maren; et al.

1. Comparison between algal pigment analyses using HPLC and subsequent CHEMTAX analysis with
microscopic counts from different lakes ranging from ultra-oligotrophic to eutrophic allowed testing of
pigment: chlorophyll a ratios for lakes of different trophic conditions. Microscopic counts and pigment
analyses were positively correlated for all groups except for the chrysophytes.

2. When examining the oligotrophic lakes only, microscopic analyses and pigment analyses of
12
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chrysophytes were positively correlated, which showed that the oligotrophic pigment ratios were well
suited for determining the abundance of the chrysophytes in oligotrophic lakes. In the eutrophic lakes,
where chrysophytes constituted less than 10% of the biomass, the weak correlation was most likely

related to counting inaccuracies.

3. Chrysophytes, generally indicative of oligotrophic conditions, were three times more abundant in the
oligotrophic lakes. They constituted 28% of the total phytoplankton biomass as chlorophyll a measured
by the pigment method and 26% of the total phytoplankton biomass measured as biovolume by
microscopy. In mesotrophic/eutrophic lakes, chrysophytes constituted only 9% (pigment method) and 8%
(microscopy).

4. Similarity analyses comparing the results of these two methods on functional group level documented

the high accuracy of the pigment method in detecting all the functional groups present.

5. The results of the pigment analyses showed a more even composition of phytoplankton groups than
found by microscopy, where often one or two of the less abundant groups were absent or only
sporadically present. The Shannon's diversity index, H', for functional groups determined from results of
the pigment method were higher than the H' values based on microscopic counts, confirming a more
continuous composition of the phytoplankton groups when detected by the pigment method. The pigment
method was found to be a useful alternative, which supplemented microscopic counts.

CkJfi: FRESHWATER BIOLOGY, 2016, 61(10): 1627-1639)

Ciliate community structure and interactions within the planktonic
food web in two alpine lakes of contrasting transparency

Kammerlander, Barbara; Koinig, Karin A.; Rott, Eugen; et al.

Climate warming is accelerating the retreat of glaciers and recently, many new' glacial turbid lakes have
been created. In the course of time, the loss of the hydrological connectivity to a glacier causes, however,
changes in their water turbidity and turns these ecosystems into clear ones. To understand potential
differences in the food-web structure between glacier-fed turbid and clear alpine lakes, we sampled
ciliates, phyto-, bacterio- and zooplankton in one clear and one glacial turbid alpine lake, and measured
key physicochemical parameters. In particular, we focused on the ciliate community and the potential
drivers for their abundance distribution. In both lakes, the zooplankton community was similar and
dominated by the copepod Cyclops abyssorum tatricus and rotifers including Polyarthra dolichoptera,
Keratella hiemalis, Keratella cochlearis and Notholca squamula. The phytoplankton community structure
differed and it was dominated by the planktonic diatom Fragilaria tenera and the cryptophyte alga
Plagioselmis nannoplanctica in the glacial turbid lake, while chrysophytes and dinoflagellates were
predominant in the clear one. Ciliate abundance and richness were higher in the glacial turbid lake
(approximate to 4000-27800IndL(-1), up to 29 species) than in the clear lake (approximate to
570-7150IndL(-1), up to eight species). The dominant species were Balanion planctonicum, Askenasia cf.
chlorelligera, Urotricha cf. furcata and Mesodinium cf. acarus. The same species dominated in both lakes,
except for Mesodinium cf. acarus and some particle-associated ciliates, which occurred exclusively in the
glacial turbid lake. The relative underwater solar irradiance (i.e. percentage of PAR and UVR at depth)
significantly explained their abundance distribution pattern, especially in the clear water lake. In the
glacial turbid lake, the abundance of the dominating ciliate taxa was mainly explained by the presence of
13
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predatory zooplankton. Our results revealed an unexpected high abundance and richness of protists
(algae, ciliates) in the glacial turbid lake. This type of lake likely offers more suitable environmental
conditions and resource niches for protists than the clear and highly UV transparent lake.

CRJH: FRESHWATER BIOLOGY, 2016, 61(11): 1950-1965)

Effect of submerged, freshwater aquatic macrophytes and littoral
sediments on pan evaporation in the Lake Balaton region, Hungary

Anda, A.; Simon, B.; Soos, G.; et al.

The evaporation (Er) of a US Class A pan (C) with submerged, freshwater aquatic macrophytes
(Potamogeton perfoliatus, Myriophyllum spicatum and Najas marina), hereafter macrophytes (P-s) and a
sediment-covered bottom (S) was measured in Hungary during 2014-2015 using reference E of
Shuttleworth (E-0) and Penman-Monteith crop reference evapotranspiration (crop ETo). There were two
main climatic controls affecting variation in E: direct (air and water temperature) and indirect (wind
mediated change affecting the penetration of sunlight; precipitation inflow, impacting plant emergence).
Lower seasonal mean E-p rates of 2.75 +/- 0.89, 2.83 +/- 0.91 and 3.06 +/- 1.14 mm day(-1) were
observed in C, S and P-s, respectively, during the wet 2014. In the 2015 season, higher overall daily
mean E-p rates for C, S and P-s were 3.76 +/- 1.3, 4.19 +/- 1.34 and 4.65 +/- 1.52 mm day(-1),
respectively. A comparison of US Class A pan E containing macrophytes/sediments with that of a
standard US Class A pan showed that pan coefficients (K-ap and K-as) might allow for more accurate
on-site lake E estimates. In 2014, seasonal mean Km and K-ap were 1.04 +/- 0.14 and 1.09 +/- 0.18,
respectively. Slightly higher K-a values were observed during the warm and dry 2015 (K-as: 1.15 +/- 0.22;
K-ap: 1.26 +/- 0.23). A K-a value greater than 1 indicates that the E of a US Class A pan containing
macrophytes and sediment is always higher than that of C. The calculated E-o overestimated measured
E-p of P-s during the course of this study. During the warm-dry growing season, crop ETo was closest to
E-p of P-s. Empirical coefficients can be useful for estimating E of lakes with submerged macrophytes
more precisely. The accuracy of the estimate of Keszthely Bay's E improved by 9.85% when K-a was

determined on site.

CkJE: JOURNAL OF HYDROLOGY, 2016, 542: 615-626)

Nutrient enrichment modifies temperature-biodiversity relationships
in large-scale field experiments

Jianjun Wang; Feiyan Pan; Janne Soininen; et al

Climate effects and human impacts, that is, nutrient enrichment, simultaneously drive spatial biodiversity
patterns. However, there is little consensus about their independent effects on biodiversity. Here we
manipulate nutrient enrichment in aquatic microcosms in subtropical and subarctic regions (China and
Norway, respectively) to show clear segregation of bacterial species along temperature gradients, and
decreasing alpha and gamma diversity toward higher nutrients. The temperature dependence of species
richness is greatest at extreme nutrient levels, whereas the nutrient dependence of species richness is
strongest at intermediate temperatures. For species turnover rates, temperature effects are strongest at

intermediate and two extreme ends of nutrient gradients in subtropical and subarctic regions,

14



HMaHEHE (1012 A)

respectively. Species turnover rates caused by nutrients do not increase toward higher temperatures.
These findings illustrate direct effects of temperature and nutrients on biodiversity, and indirect effects via
primary productivity, thus providing insights into how nutrient enrichment could alter biodiversity under
future climate scenarios.

GRJE: Nature Communications, 2016, doi:10.1038/ncomms13960)

Effect of DOC on evaporation from small Wisconsin lakes

Watras, C. J.; Morrison, K. A.; Rubsam, J. L.

Evaporation (E) dominates the loss of water from many small lakes, and the balance between
precipitation and evaporation (P-E) often governs water levels. In this study, evaporation rates were
estimated for three small Wisconsin lakes over several years using 30-min data from floating evaporation
pans (E-pans). Measured E was then compared to the output of mass transfer models driven by local
conditions over daily time scales. The three lakes were chosen to span a range of dissolved organic
carbon (DOC) concentrations (3-20 mg L-1), a solute that imparts a dark, tea-stain color which absorbs
solar energy and limits light penetration. Since the lakes were otherwise similar, we hypothesized that a
DOC-mediated increase in surface water temperature would translate directly to higher rates of
evaporation thereby informing climate response models. Our results confirmed a DOC effect on surface
water temperature, but that effect did not translate to enhanced evaporation. Instead the opposite was
observed: evaporation rates decreased as DOC increased. Ancillary data and prior studies suggest two
explanatory mechanisms: (1) disproportionately greater radiant energy outflux from high DOC lakes, and
(2) the combined effect of wind speed (W) and the vapor pressure gradient (e(s)- e(z)), whose product
[W(e(s) - e(2))] was lowest on the high DOC lake, despite very low wind speeds (<1.5 m s(-1)) and steep
forested uplands surrounding all three lakes. Agreement between measured (E-pan) and modeled
evaporation rates was reasonably good, based on linear regression results (r(2): 0.6-0.7; slope: 0.5-0.7,
for the best model). Rankings based on E were similar whether determined by measured or modeled
criteria (high DOC < low DOC). Across the 3 lakes and 4 years, E averaged similar to 3 mm d(-1) (C.V.
9%), but statistically significant differences between lakes resulted in substantial differences in
cumulative E that were consistent from year to year. Daily water budgets for these lakes show that inputs
were dominated by P and outputs by E; and our findings indicate that subtle changes in the variables that
drive E can have measurable effects on water levels by shifting the balance between P and E.

CkJE: JOURNAL OF HYDROLOGY, 2016, 540: 162-175)

Consequences for pelagic energy mobilisation of a sudden browning
episode without a clear increase in DOC concentration: a case of a
boreal pristine lake

Peltomaa, Elina; Ojala, Anne
In the boreal zone, episodes of heavy rains are among the most conspicuous events disturbing aquatic
ecosystems. Due to climate change they are predicted to become more frequent and intense, leading on

browning of lakes. We assessed the possible effects of heavy rains to DOC concentration and water
colour and resulting impacts on functioning of a headwater lake with naturally high water colour and
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concentration of allochthonous DOC. The weekly measurements were carried out in summers
2002-2004; the first 2 years had normal and the last year very high summer precipitation. The rains
resulted in rapid increase in water colour, but not in DOC. We hypothesised that due to browning,
irrespective of whether it stems from an increase in brownish DOC or other coloured substances,
photosynthesis decreases, bacterial activity increases, and the lake becomes more heterotrophic. We
also anticipated that due to strengthened heterotrophy, the period with apparent net autotrophy and CO:2
flux onto the lake would disappear. To test our hypothesis, we measured autotrophic inorganic carbon
uptake of photosynthetic organisms as well as dark fixation of inorganic carbon, community respiration
and leucine uptake. Finally, we compared the results to CO:z flux measurements with an eddy covariance
technique. Our hypotheses were only partly supported since there were no drastic changes in any of the
metabolic processes measured. Although the lake ecosystem became slightly more heterotrophic,
primary production was still occasionally higher than community respiration and the lake could act as a
sink of COz. Thus regarding metabolic processes, the ecosystem of this pristine lake was not strongly
disturbed by the sudden browning episode.
(Sk¥E: AQUATIC SCIENCES, 2016, 78(4): 627-639)

Urban point sources of nutrients were the leading cause for the
historical spread of hypoxia across European lakes

Jean-Philippe Jenny; Alexandre Normandeau; Pierre Francus; et al.

Enhanced phosphorus (P) export from land into streams and lakes is a primary factor driving the
expansion of deep-water hypoxia in lakes during the Anthropocene. However, the interplay of regional
scale environmental stressors and the lack of long-term instrumental data often impede analyses
attempting to associate changes in land cover with downstream aquatic responses. Herein, we
performed a synthesis of data that link paleolimnological reconstructions of lake bottom-water
oxygenation to changes in land cover/use and climate over the past 300 years to evaluate whether the
spread of hypoxia in European lakes was primarily associated with enhanced P exports from growing
urbanization, intensified agriculture, or climatic change. We showed that hypoxia started spreading in
European lakes around CE 1850 and was greatly accelerated after CE 1900. Socioeconomic changes in
Europe beginning in CE 1850 resulted in widespread urbanization, as well as a larger and more
intensively cultivated surface area. However, our analysis of temporal trends demonstrated that the onset
and intensification of lacustrine hypoxia were more strongly related to the growth of urban areas than to
changes in agricultural areas and the application of fertilizers. These results suggest that
anthropogenically triggered hypoxia in European lakes was primarily caused by enhanced P discharges
from urban point sources. To date, there have been no signs of sustained recovery of bottom-water
oxygenation in lakes following the enactment of European water legislation in the 1970s to 1980s, and
the subsequent decrease in domestic P consumption.
CRJE: PNAS, 2016, 113(45): 12655-12660)

Spatial and environmental analysis of an ostracod metacommunity
from endorheic lakes
Castillo-Escriva, Andreu; Valls, Luis; Rochera, Carlos; et al.
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The metacommunity concept has promoted a new theoretical view of communities that emphasizes their

inter-dependence in a multi-scale nature. However, empirical studies testing the proposed mechanisms
structuring communities are still scarce. Here we present a multi-scale spatial analysis on the ostracod
metacommunity from endorheic lakes in the Central Iberian Peninsula. For this purpose, multivariate
ordination, scalograms and variation partitioning analysis were used to identify environmental (i.e.
species sorting) and spatial control (i.e. dispersal limitation, mass effects), and their effects on the
metacommunity. The results indicate that both species sorting and dispersal processes structure the
metacommunity. The main environmental factors contributing to species sorting were salinity and
ephemerality. In addition, significant broad-scale spatial components also structure the species
assemblages, suggesting ostracod dispersal limitation within the spatial extent considered. Our study
confirms the importance of species sorting, but also reveals how dispersal processes play a role in the
structure of ostracod metacommunities.

CEJE: AQUATIC SCIENCES, 2016, 78(4): 707-716)

Environmental change explains cichlid adaptive radiation at Lake
Malawi over the past 1.2 million years

Sarah J. Ivory; Margaret W. Blome; John W. King; et al.

Long paleoecological records are critical for understanding evolutionary responses to environmental
forcing and unparalleled tools for elucidating the mechanisms that lead to the development of regions of
high biodiversity. We use a 1.2-My record from Lake Malawi, a textbook example of biological
diversification, to document how climate and tectonics have driven ecosystem and evolutionary dynamics.
Before ~800 ka, Lake Malawi was much shallower than today, with higher frequency but much lower
amplitude water-level and oxygenation changes. Since ~800 ka, the lake has experienced much larger
environmental fluctuations, best explained by a punctuated, tectonically driven rise in its outlet location
and level. Following the reorganization of the basin, a change in the pacing of hydroclimate variability
associated with the Mid-Pleistocene Transition resulted in hydrologic change dominated by precession
rather than the high-latitude teleconnections recorded elsewhere. During this time, extended, deep lake
phases have abruptly alternated with times of extreme aridity and ecosystem variability. Repeated
crossings of hydroclimatic thresholds within the lake system were critical for establishing the rhythm of
diversification, hybridization, and extinction that dominate the modern system. The chronology of these
changes closely matches both the timing and pattern of phylogenetic history inferred independently for
the lake’s extraordinary array of cichlid fish species, suggesting a direct link between environmental and
evolutionary dynamics.
CEJE: PNAS, 2016, 113(42): 11895-11900)

Do warming and humic river runoff alter the metabolic balance of lake
ecosystems?

Rodriguez, Patricia; Bystrom, Par; Geibrink, Erik; et al.

Global warming is expected to influence lake gross primary production (GPP) and ecosystem respiration
(R) by increasing water temperature and terrestrial export of organic material and inorganic nutrients

from the catchment. We experimentally tested the effects of warming (3 A degrees C) and natural humic
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river runoff, separately and in combination, on habitat-specific and whole ecosystem net ecosystem
production (NEP = GPP - R) in replicated large scale (136 m(3)) experimental pond ecosystems over one
open water season. Pelagic NEP was reduced by warming and increased with humic river water addition.
Littoral NEP (benthos, macrophytes, periphyton) showed an opposite pattern with increasing NEP
following warming and decreasing NEP following humic river water addition. These changes were a
result of changes in GPP with warming (negative in pelagic, positive in littoral) and with humic water
addition (positive in pelagic, negative in littoral), while no effects were observed on pelagic respiration. As
a result of the counteracting effects on NEP in pelagic and littoral habitats, whole ecosystem NEP was
not affected by the treatments. The study suggests that climate mediated changes in temperature and
river runoff have relatively small effects on the overall metabolic balance of shallow aquatic ecosystems
but there may be large habitat-specific effects.
CRJE: AQUATIC SCIENCES, 2016, 78(4): 717-725)

Diatom assemblages reveal regional-scale differences in lake responses
to recent climate change at the boreal-tundra ecotone, Manitoba,
Canada

Shinneman, Avery L. C.; Umbanhowar, Charles E., Jr.; Edlund, Mark B.; et al.

The direction of pan-Arctic ecosystem shifts in response to climate warming is relatively well understood;
however, landscape-level linkages among terrestrial, wetland, and lake ecosystems significantly
influence the dynamics of each, making it difficult to generalize about lake responses to warming across
the Arctic, and at times difficult to interpret paleoclimate records from lake sediments. To investigate
differences in lake responses to recent climate change at the boreal-tundra ecotone, we conducted a
2-year survey of diatom assemblages from lakes with varying catchment characteristics in northern
Manitoba, Canada. We investigated whether catchment geomorphology and landscape, including slope
and vegetative cover, result in characteristic water chemistries and hence diatom assemblage signatures,
which could then be used in paleolimnological studies to infer past changes in the catchment. Forty-four
lakes were sampled for water chemistry and catchment vegetation was characterized using Landsat
Imagery. Lake catchments were generally small (median 702 ha) and dominated by peat (Sphagnum)
with or without lowland forest (Picea-Larix), or open tundra, with different amounts of exposed rocki/till,
upland forest/woodlands, and burn recovery area. Lakes were generally nutrient-poor, with lower nutrient
and DOC concentrations in tundra-dominated catchments, and higher nutrients and DOC in catchments
with greater forest cover. A diatom-based transfer function for pH (R-2 = 0.72, = 0.54) was developed
and compared with diatom assemblage turnover and sediment geochemistry in cores from eight lakes to
reconstruct limnologic conditions over the past similar to 200 years. Most cores showed similar increases
in biogenic silica and carbon burial, beginning around AD 1880 in the tundra lakes and about 1920 in the
more forested catchments, likely in response to regional warming. In contrast to lakes in other Arctic
regions, our lakes showed only minor pH changes in recent decades. The shift, however, was more
pronounced in higher-latitude lakes with less forest cover, suggesting small-scale watershed influence on
lake response to climate, even on short time scales. Diatom assemblages did not follow previously
published models of climate-linked community change seen in circum-Arctic and sub-Arctic lakes.
Translating local changes detected in the paleolimnological record to the regional level requires an

understanding of how different catchment properties mediate the response of lakes, and their diatom
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assemblages, to climate change.

CK¥E: JOURNAL OF PALEOLIMNOLOGY, 2016, 56(4): 275-298)

Tracking the long-term responses of diatoms and cladocerans to
climate warming and human influences across lakes of the Ring of Fire
in the Far North of Ontario, Canada

Hargan, Kathryn E.; Nelligan, Clare; Jeziorski, Adam; et al.

The extensive peatlands and lakes of the Far North of Ontario warrant committed scientific attention
given their status as a significant carbon sink. Economic interest in this region has recently increased due
to the discovery of vast mineral deposits (mainly chromite and nickel) known as the "Ring of Fire".
Mineral exploration and infrastructure planning are underway, but environmental monitoring is only
beginning. Detailed baseline ecological information is required to assess the impacts of future resource
extraction within the context of multiple environmental stressors (including recent regional climate
warming). Here we use sediment cores from two relatively deep lakes (Z(max) similar to 10 m) and two
shallow lakes (Z(max) similar to 2 m), all located in the vicinity of the Ring of Fire, to examine biotic
responses to warming prior to the commencement of mining activities. Our data show that, over the past
similar to 150 years, diatom and cladoceran sedimentary assemblages have transitioned from
dominance by littoral/benthic forms to greater abundances of planktonic cladoceran (an increase of
similar to 3 to 34 %) and diatom taxa (an increase of similar to 3 to 22 %). Increased relative abundances
of planktonic taxa are consistent with warming-induced changes in lake properties including longer
ice-free periods and increased production by planktonic algae. The response of diatom assemblages in
shallow lakes to warming preceded the deeper lakes by similar to 45 to 60 years, and substantial
increases in aquatic production (similar to 4 to 15 times higher than in sediments deposited prior to 1900)
were observed in the shallow lakes, in agreement with previous analyses demonstrating the heightened
sensitivity of shallow systems to climate warming. These data provide important information necessary to
distinguish potential ecological impacts related to resource extraction from natural variation and the
ongoing responses to regional climate warming.
(CRyJ&: JOURNAL OF PALEOLIMNOLOGY, 2016, 56(2-3):153-172)

Reversal of a cyanobacterial bloom in response to early warnings

Michael L. Pace; Ryan D. Batt, Cal D. Buelo; et al

Directional change in environmental drivers sometimes triggers regime shifts in ecosystems. Theory and
experiments suggest that regime shifts can be detected in advance, and perhaps averted, by monitoring
resilience indicators such as variance and autocorrelation of key ecosystem variables. However, it is
uncertain whether management action prompted by a change in resilience indicators can prevent an
impending regime shift. We caused a cyanobacterial bloom by gradually enriching an experimental lake
while monitoring an unenriched reference lake and a continuously enriched reference lake. When
resilience indicators exceeded preset boundaries, nutrient enrichment was stopped in the experimental
lake. Concentrations of algal pigments, dissolved oxygen saturation, and pH rapidly declined following

cessation of nutrient enrichment and became similar to the unenriched lake, whereas a large bloom
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occurred in the continuously enriched lake. This outcome suggests that resilience indicators may be
useful in management to prevent unwanted regime shifts, at least in some situations. Nonetheless, a
safer approach to ecosystem management would build and maintain the resilience of desirable
ecosystem conditions, for example, by preventing excessive nutrient input to lakes and reservoirs.
CRJ&: PNAS, 2016, doi: 10.1073/pnas.1612424114)

Do invasive quagga mussels alter CO, dynamics in the Laurentian Great
Lakes?

Peng Lin; Laodong Guo.

The Laurentian Great Lakes have experienced unprecedented ecological and environmental changes,
especially after the introduction of invasive quagga mussel (Dreissena rostriformis bugensis). While
impacts on ecological functions have been widely recognized, the response of carbon dynamics to
invasive species remains largely unknown. We report new CO:2 data showing significant increases in
pCOz2 (up to 800 patm in Lake Michigan) and COz emission fluxes in most of the Great Lakes compared
to those prior to or during the early stage of the colonization of invasive quagga mussels. The increased
CO2 supersaturation is most prominent in Lakes Huron and Michigan, followed by Lakes Ontario and Erie,
but no evident change was observed in Lake Superior. This trend mirrors the infestation extent of
invasive quagga mussels in the Great Lakes and is consistent with the decline in primary production and
increase in water clarity observed pre- and post-Dreissena introduction, revealing a close linkage
between invasive species and carbon dynamics. The Great Lakes have become a significant CO2 source
to the atmosphere, emitting >7.7 £ 1.0 Tg-C annually, which is higher than the organic carbon burial rate
in global inland-seas and attesting to the significant role of the Laurentian Great Lakes in regional/global
CO2 budget and cycling.
CKJi: SCIENTIFIC REPORTS, 2016, doi:10.1038/srep39078)

Applicability of drinking water treatment residue for lake restoration in
relation to metal/metalloid risk assessment

Nannan Yuan; Changhui Wang; Yuansheng Pei; et al.

Drinking water treatment residue (DWTR), a byproduct generated during potable water production,
exhibits a high potential for recycling to control eutrophication. However, this beneficial recycling is
hampered by unclear metal/metalloid pollution risks related to DWTR. In this study, the pollution risks of
Al, As, Ba, Be, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, and Zn due to DWTR application were first evaluated
for lake water based on human health risk assessment models and comparison of regulatory standards.
The risks of DWTR were also evaluated for sediments on the basis of toxicity characteristics leaching
procedure and fractionation in relation to risk assessment code. Variations in the biological behaviors of
metal/metalloid in sediments caused by DWTR were assessed using Chironomus plumosus larvae and
Hydrilla verticillata. Kinetic luminescent bacteria test (using Aliivibrio fischeri) was conducted to analyze
the possibility of acute and chronic detrimental effects of sediment with DWTR application. According to
the obtained results, we identify a potential undesirable effect of DWTR related to Fe and Mn (typically
under anaerobic conditions); roughly present a dosage threshold calculation model; and recommend a

procedure for DWTR prescreening to ensure safe application. Overall, managed DWTR application is
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necessary for successful eutrophication control.
CRJ&: SCIENTIFIC REPORTS, 2016, doi:10.1038/srep38638)

Apparent quantum yield of photochemical dissolved organic carbon
mineralization in lakes

Koehler, Birgit; Broman, Elias; Tranvik, Lars J.

Up to one tenth of the carbon dioxide (CO2) emissions from inland waters worldwide are directly induced
by the photochemical mineralization of dissolved organic matter (DOM). The photochemical production of
dissolved inorganic carbon (DIC) per photon absorbed by chromophoric DOM (CDOM) decreases
exponentially with increasing irradiance wavelength, and is commonly described by an apparent
quantum vyield (AQY) spectrum. Although an essential model parameter to simulate photochemical
mineralization the AQY remains poorly constrained. Here, the AQY of photochemical DIC production for
25 lakes located in boreal, polar, temperate, and tropical areas, including four saline lagoons, was
measured. The wavelength-integrated AQY (300-500 nm; mol DIC mol CDOM-absorbed photons(-1))
ranged from 0.05 in an Antarctic lake to 0.61 in a humic boreal lake, averaging 0.24 +/- 0.03 SE. AQY
was positively linearly correlated with the absorption coefficient at 420 nm (a(420)) as a proxy for CDOM
content (R-2 of 0.64 at 300 nm and 0.26 at 400 nm), with specific UV absorption coefficients as a proxy
for DOM aromaticity (R-2 of 0.56 at 300 nm and 0.38 at 400 nm), and with the humification index (R-2 of
0.41 at 300 nm and 0.42 at 400 nm). Hence, a considerable fraction of the AQY variability was explained
by water optical properties in inland waters. The correlation of AQY with a(420) opens up the possibility
to improve large-scale model estimates of sunlight-induced COz emissions from inland waters based on

water color information derived by satellite remote sensing.

CEJE: LIMNOLOGY AND OCEANOGRAPHY, 2016, 61(6): 2207-2221)

Wind-driven thermocline movements affect the colonisation and
growth of Achnanthidium minutissimum, a ubiquitous benthic diatom
in lakes

Cyr, Helene

1. Benthic algae form a major component of primary production in shallow waters and are an important
component of lake food webs. | tested the effects of thermocline movements and bathymetric slope on
the colonisation and population development of a ubiquitous and often dominant benthic diatom,

Achnanthidium minutissimum.

2. Sampling sites were positioned along the upwind and downwind shorelines of an elongated 22 km 2
lake basin, on a range of bathymetric slopes (1-16%). A first set of substrates was deployed at eight sites
during early stratification (June 19, 2004) and were sampled after 4, 11 and 20 days and 5.5 and 11
weeks to compare colonisation, establishment, early growth rate and density of mature populations. The
second set of substrates was deployed at 16 sites in mid-summer (July 26) and was sampled after 5.5
weeks. The density of A. minutissimum and their average cell length were measured in all samples.
Thermocline movements were calculated using a 3D hydrodynamic model, which was calibrated offshore

in the lake basin and validated at each sampling site.
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3. Achnanthidium colonised the open substrates very rapidly. Initial cell densities increased with
increasing thermocline movement, especially along shallow bathymetric slopes. These results suggest

an inverse relationship between thermocline-induced nearshore turbulence and bathymetric slope.

4. The density of early colonisers was reduced by 30-95% during the establishment period (411 days
after substrate deployment), suggesting that Achnanthidium needs time to attach firmly to the substrate
and is vulnerable to disturbances during that period. Achnanthidium established most efficiently at
upwind nearshore sites exposed to more thermocline movement.

5. The early growth rate of Achnanthidium in nearshore areas was negatively related to mean water

temperature, a likely surrogate for nutrient availability at the sediment-water interface.

6. The density of Achnanthidium in mature populations was positively related to thermocline movements
and showed a negative interaction with bathymetric slope early in the stratification period, but not later in
summer. These results suggest that physical forces associated with thermocline movements interact
differently with the bottom in nearshore areas as the season progresses and as the water-column

stabilises.

7. The size of Achnanthidium cells increased during settlement and early population growth, peaked in
early July at most sites and decreased over the rest of the summer. This common pattern of seasonal
change in Achnanthidium cell sizes suggests a strong factor synchronising its life cycle across the whole
lake basin.

8. Thermocline movements over nearshore substrates clearly affect the colonisation and population
development of A. minutissimum. These results support the idea that wind-driven physical forces are a
major factor structuring nearshore habitats in lakes, even in the lower littoral zone, and that benthic
organisms should distribute themselves in a predictable way around lake basins.

CkJE: FRESHWATER BIOLOGY, 2016, 61(10): 1655-1670)

Cyanobacteria in lakes on Yungui Plateau, China are assembled via
niche processes driven by water physicochemical property, lake
morphology and watershed land-use

Jingqiu Liao; Lei Zhao; Xiaofeng Cao; et al.

Plateau lakes are important ecosystems with diverse ecological functions. Cyanobacteria play a key role
in plateau lakes as primary producers. However, they are threatening when dense blooms occur.
Identifying cyanobacteiral biogeography and the mechanism of assembly processes shaping the
distribution of cyanobacteria in plateau lakes is critical for understanding cyanobacterial ecology and
applying it to lake management. In the present study, the biogeographic pattern and importance of
neutral and niche processes in assembly of cyanobacteria in 21 lakes on Yungui Plateau, China were
examined. Results showed that cyanobacteria exhibit unique biogeographic pattern, and most of them
have a narrow habitat preference in plateau lakes. They were assembled via niche processes driven by
water physicochemical property, lake morphology and watershed land-use, which explained 62.4% of the
biological variation. Neutral processes were not at play. Water physicochemical property (key variables -

dissolved oxygen, salinity, trophic status and pH) was the most dominant driver shaping its unique
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biogeographic pattern. Watershed land-use especially urban land, water body and agricultural land also
exhibited a strong impact on cyanobacterial distribution, followed by lake morphology. As most of the
cyanobacteiral genus detected in these plateau lakes were potential toxin-producers, this study indicated
that in order to protect waters from toxic-bloom in the future, reducing nutrient loading and land-use
practices are two practical approaches in plateau lake management.

CKJi: SCIENTIFIC REPORTS, 2016, doi:10.1038/srep36357)

Increased variability and sudden ecosystem state change in Lake
Winnipeg, Canada, caused by 20(th) century agriculture

Bunting, L.; Leavitt, P. R.; Simpson, G. L.; et al.

Eutrophication can initiate sudden ecosystem state change either by slowly pushing lakes toward a
catastrophic tipping point beyond which self-reinforcing mechanisms establish an alternate stable state,
or through rapid but persistent changes in external forcing mechanisms. In principle, these processes
can be distinguished by determining whether historical changes in focal parameters (phytoplankton)
exhibit transient (rising then declining) or continuously-elevated variability characteristic of alternate
stable states or a paradox of enrichment, respectively. We tested this hypothesis in the south basin of
Lake Winnipeg, Canada, a site with intense blooms of N-2-fixing cyanobacteria since 1990, but for which
little is known of earlier limnological conditions, causes of eutrophication, or whether modern conditions
represent a alternate stable state. Paleolimnological analysis revealed that the basin was naturally
mesotrophic (approximate to 15-20 g P L-1) with diazotrophic cyanobacteria, productive diatoms, and
phosphorus-rich sediments. Eutrophication accelerated during ca.1900-ca.1990, when sedimentary
nitrogen, phosphorus and carbon contents increased 10-50%, N-15 enriched 3-4 parts per thousand, and
concentrations of many fossil pigments increased 300-500%. Nearly 75% of 20(th) century variability was
explained by concomitant increases in production of livestock and crops, but not by climate. After
ca.1990, the basin exhibited a rapid threefold increase in akinetes from Aphanizomenon and Anabaena
spp. and 50% declines in pigments from chlorophytes and cyanobacteria because of sudden
socio-economic reorganization of agriculture. Phytoplankton variability quantified using Gaussian
generalized additive models increased continuously since the onset of agriculture for bloom-forming taxa,
did not decline after state change, and suggested that recovery should not be affected by stable-state

hysteresis.

CKi: LIMNOLOGY AND OCEANOGRAPHY, 2016, 61(6): 2090-2107)

Molecular characterization of lake sediment WEON by Fourier
transform ion cyclotron resonance mass spectrometry and its
environmental implications

Zhang, Li; Wang, Shengrui; Xu, Yisheng; et al
The compositional properties of water-extractable organic nitrogen (WEON) affect its behavior in lake
ecosystems. This work is the first comprehensive study using Fourier transform ion cyclotron resonance

mass spectrometry (FT-ICR MS) for the characterization of the molecular composition of WEON in lake
sediment. In sediments of Erhai Lake in China, this study found complex WEON species, with
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N-containing compounds in the northern, central, and southern regions contributing 34.47%, 42.44%,
and 40.6%, respectively, of total compounds. Additionally, a van Krevelen diagram revealed that lignin
components were dominant in sediment WEON structures (68% of the total), suggesting terrestrial
sources. Furthermore, this study applied ESI-FT-ICR-MS to the examination of the environmental
processes of lake sediment WEON on a molecular level. The results indicated that sediment depth
impacted WEON composition and geochemical processes. Compared with other ecosystems, the double
bond equivalent (DBE) value was apparently lower in Erhai sediment, indicating the presence of
relatively fewer and smaller aromatic compounds. In addition, the presence of a large number of
N-containing species and abundant oxidized nitrogen functional compounds that were likely to
biodegrade may have further increased the potential releasing risk of WEON from Erhai sediment under
certain environmental conditions.

CRJH: WATER RESEARCH, 2016, 106:196-203)

Recent accelerated warming of the Laurentian Great Lakes: Physical
drivers

Zhong, Yafang; Notaro, Michael; Vavrus, Stephen J.; et al.

The primary drivers of the recent accelerated warming of the Laurentian Great Lakes from 1982 to 2012
are explored through observations, remote sensing, and regional climate model experiments. The study
focuses on the abrupt warming from 1997 to 1998 as a proxy for the long-term warming trend. The lake
surface warming has been heterogeneous in both space and time, ranging from moderate warming in
late spring over the southern lakes and shallow areas of the northern lakes to strong warming in
mid-summer over the northern, deep lake areas. The greatest lake warming between 1997 and 1998
occurs over the deepest areas of Lake Superior during mid-summer, primarily arising from enhanced
heat accumulation during the mild winter of 1997/1998 and amplified by greater incoming surface solar
radiation and air temperature during the spring of 1998, according to model experiments. The mild winter
condition, together with the increased solar radiation and air temperature during spring, causes an earlier
onset of springtime stratification, resulting in enhanced heat absorption by surface water and thereby
contributing to lake surface warming during the subsequent summer in 1998 compared with 1997. In
contrast, the modest peak warming over southern lakes and shallow areas of northern lakes from 1997 to
1998 is a rapid response to synchronous increases in solar radiation and air temperature during May
between the 2 yr. Changes in antecedent wintertime lake ice cover are found to have played only a minor

role in the accelerated warming trend of the Laurentian Great Lakes.

CRJE: LIMNOLOGY AND OCEANOGRAPHY, 2016, 61(5): 1762-1786)

Excess warming of a Central European lake driven by solar brightening
Schmid, M.; Koster, O.

Recent trends in summer surface temperatures of many lakes exceed the corresponding air temperature
trends. This disagrees with expectations from lake surface heat budgets, which predict that lake surface

temperatures should increase by 75-90% of the increase in air temperatures. Here we investigate the

causes for this excess warming for Lower Lake Zurich, a representative deep and stratified Central
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European lake, by a combined data analysis and modeling approach. Lake temperatures are simulated

using a one-dimensional vertical model driven by 33 years of homogenized meteorological data. The
model is calibrated and validated using an equally long time series of monthly water temperature profiles.
The effects of individual forcing parameters are investigated by scenarios where the trends of single
variables are retained while those of all other forcing variables are removed. The results show that
approximate to 60% of the observed warming of spring and summer lake surface temperatures were
caused by increased air temperature and approximate to 40% by increased solar radiation. The effects of
the trends of all other forcing variables were small. Following projections of climate models, the
increasing trends in solar radiation, and consequently the excess warming of lake surface temperatures,

are not likely to continue in the future.

CkJE: WATER RESOURCES RESEARCH, 2016, 52(10): 8103-8116)

Effects of re-oligotrophication and climate change on lake thermal
structure

Flaim, Giovanna; Eccel, Emanuele; Zeileis, Achim; et al.

1. During recent decades, climate change and re-oligotrophication have been affecting many lakes. Most
long-term research focuses on large North American and northern European lakes, but climate forcing
south of the Alps seems to be different. Furthermore, lake restoration frequently involves smaller lakes
(<10 km(2)) that are often overlooked in long-term limnological studies despite their importance for local
stakeholders. We investigated the effects of climate change and re-oligotrophication on the thermal
structure of Lake Caldonazzo (Italy - southern Alps; area = 5.6 km(2); maximum depth = 49 m) for the
years 1973-2014. The lake received untreated wastewaters from its catchment until the mid-1970s,
leading to algal blooms, severe hypolimnetic anoxia and fish kills. Afterwards, local government initiated

sewage removal that was completed in 1989.

2. We used transparency, phosphorus and chlorophyll concentrations as trophic indicators, air
temperature and global circulation indices as climatic indicators and epilimnion depth and temperature,
hypolimnion temperature, thermocline depth and Schmidt stability as indicators of thermal structure. For
these time series, we determined trend patterns and timing of change points.

3. Epilimnetic temperatures showed an upward shift in 1985. Here, we present an alternative explanation
for this observed change that generally has been attributed to global circulation indices. Epilimnetic depth
continually increased until 1989, but less markedly afterwards. We suggest that until restoration
continued, the increasingly deeper epilimnion absorbed the incoming heat of climate change without
increasing epilimnetic temperature. After sewage removal, however, the epilimnion did not deepen
enough to prevent an upward shift in epilimnetic temperature. We linked the deepening of the epilimnion

to increased water transparency.

4. Hypolimnetic temperatures showed a downward shift in 1998. Hypolimnetic cooling has been seldom
observed and was in our case related to specific interactions between re-oligotrophication, climate and
lake depth. Penetration of incident solar radiation was insufficient to heat the hypolimnion (>50% of lake
volume), while deeper mixing released accumulated heat from the previous season and earlier
stratification trapped colder water in the hypolimnion. We suggest that these combined effects resulted in

a decrease in hypolimnetic temperature.
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5. Our study indicated that re-oligotrophication mitigated the effects of climate change, but when
re-oligotrophication was no longer progressing, the effects of climate on thermal structure were
perceivable. These changes were site specific and not tied to atmospheric circulation indices. Epilimnetic
warming in particular will have repercussions on plankton dynamics. Management of non-point sources
of nutrients will become increasingly important to limit the eutrophication-like effects of climate change,
especially in the case of a warming epilimnion.

(k. FRESHWATER BIOLOGY, 2016, 61(10): 1802-1814)

Changes in lakes water volume and runoff over ungauged Sahelian
watersheds

Gal, L.; Grippa, M.; Hiernaux, P.; et al

A large part of the Sahel consists of endorheic hydrological systems, where reservoirs and lakes capture
surface runoff during the rainy season, making water available during the dry season. Monitoring and
understanding the dynamics of these lakes and their relationships to the ecohydrological evolution of the

region is important to assess past, present and future changes of water resources in the Sahel.

Yet, most of Sahelian watersheds are still ungauged or poorly gauged, which hinders the assessment of
the water flows feeding the lakes and the overall runoff over their watershed.

In this paper, a methodology is developed to estimate water inflow to lakes for ungauged watersheds. It
is tested for the Agoufou lake in the Gourma region in Mali, for which in situ water height measurements
and surface areas estimations by remote sensing are simultaneously available. A Height-Volume-Area
(HVA) model is developed to relate water volume to water height and lake surface area. This model is
combined to daily evaporation and precipitation to estimate water inflow to the lake, which approximates
runoff over the whole watershed. The ratio between annual water inflow and precipitation increases over

the last sixty years as a result of a significant increase in runoff coefficient over the Agoufou watershed.

The method is then extended to derive water inflow to three other Sahelian lakes in Mauritania and Niger.
No in situ measurements are available and lake surface areas estimation by remote sensing is the only
source of information. Dry season surface area changes and estimated evaporation are used to select a
suited VA relationship for each case.

It is found that the ratio between annual water inflow and precipitation has also increased in the last 60

years over these watersheds, although trends at the Mauritanian site are not statistically significant.

The remote sensing approach developed in this study can be easily applied to recent sensors such as
Sentinel-2 or Landsat-8, to quantify the evolution of hydrological systems in ungauged Sahelian regions.
CRiE: JOURNAL OF HYDROLOGY, 2016, 540: 1176-1188)

Flood frequency matters: Why climate change degrades deep-water
quality of peri-alpine lakes

Fink, Gabriel, Wessels, Martin; Wuest, Alfred; et al.

Sediment-laden riverine floods transport large quantities of dissolved oxygen into the receiving deep
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layers of lakes. Hence, the water quality of deep lakes is strongly influenced by the frequency of riverine
floods. Although flood frequency reflects climate conditions, the effects of climate variability on the water
quality of deep lakes is largely unknown. We quantified the effects of climate variability on the potential
shifts in the flood regime of the Alpine Rhine, the main catchment of Lake Constance, and determined
the intrusion depths of riverine density-driven underflows and the subsequent effects on water exchange
rates in the lake. A simplified hydrodynamic underflow model was developed and validated with observed
river infow and underflow events. The model was implemented to estimate underflow statistics for
different river inflow scenarios. Using this approach, we integrated present and possible future flood
frequencies to underflow occurrences and intrusion depths in Lake Constance. The results indicate that
more floods will increase the number of underflows and the intensity of deep-water renewal and
consequently will cause higher deep-water dissolved oxygen concentrations. Vice versa, fewer floods
weaken deep-water renewal and lead to lower deep-water dissolved oxygen concentrations. Meanwhile,
a change from glacial nival regime (present) to a nival pluvial regime (future) is expected to decrease
deep-water renewal. While flood frequencies are not expected to change noticeably for the next decades,
it is most likely that increased winter discharge and decreased summer discharge will reduce the number
of deep density-driven underflows by 10% and favour shallower riverine interflows in the upper
hypolimnion. The renewal in the deepest layers is expected to be reduced by nearly 27%. This study
underlines potential consequences of climate change on the occurrence of deep river under flows and
water residence times in deep lakes.
(ki : JOURNAL OF HYDROLOGY, 2016, 540: 457-468)

Effects of heated effluent on Midwestern US lakes: implications for
future climate change

Mulhollem, Joshua J.; Colombo, Robert E.; Wahl, David H.

Numerous simulation studies have considered the effects of impending climate change on lakes.
Predictive models exist for the responses of a multitude of variables to a warmer climate, and potential
effects on food webs and ecosystem functions. Although these predictions are numerous, there is a need
for manipulative experiments testing for the effects of warming on actual lake systems. We used power
plant lakes across the central Midwestern US as a substitute for future climate change effects. These
treatment lakes receive heated effluent and are typically 2-6 A degrees C warmer than other regional
lakes. We collected data from 1997 to 2010 on a number of abiotic and biotic variables from three of
these treatment lakes and six control lakes that were of similar size and location but did not have an
artificial thermal regime. Phosphorus and phytoplankton concentrations were similar between treatment
groups, although treatment lakes had greater phosphorus and less phytoplankton in September. No
differences existed in turbidity (measured as Secchi depth transparency). Zooplankton were less
abundant in treatment lakes than in control lakes throughout our sampling period (May-October), with
differences in cladocerans driving this disparity. There was evidence of earlier spawning of gizzard shad
(Dorosoma cepedianum) due to the warmer temperature regime, but not for bluegill (Lepomis
macrochirus). Average sizes of juvenile bluegill were larger in warmed systems in July and August.
Juvenile largemouth bass (Micropterus salmoides) were larger in heated systems in June, but no
differences existed in July or August. Growth of adult largemouth bass was greater in systems with a

warmer thermal regime. Our results provide insights into patterns that can be expected in the future, and
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may be used to further understand the wide-reaching implications of climate change.

CE¥E: AQUATIC SCIENCES, 2016, 78(4):743-753)

Effects of sedimentation on soil physical and chemical properties and
vegetation characteristics in sand dunes at the Southern Dongting Lake
region, China

Ying Pan; Hao Zhang; Xu Li; et al

Sedimentation is recognized as a major factor determining the ecosystem processes of lake beaches;
however, the underlying mechanisms, especially in freshwater sand dunes, have been insufficiently
studied. To this end, nine belt transects from nine freshwater sand dunes, classified into low (<23.7 m),
medium (25.4-26.0 m), and high-elevation groups (>28.1 m) based on their elevations in 1972, were
sampled to investigate differences in sedimentation rate and soil and vegetation characteristics in
Southern Dongting Lake, China. Sedimentation rate, soil sand content, and soil pH increased, whereas
soil clay, fine silt, moisture (MC), organic matter (OM), total N, and total K content, in addition to the
growth and biodiversity of sand dune plants generally decreased with decreasing belt transect elevation.
Regression analyses revealed that the negative effects of sedimentation on the ecosystem functions of
sand dunes could be attributed to higher fine sand content in deposited sediments and stronger inhibition
of plant growth. These results are consistent with previous studies performed in coastal sand dunes,
which highlights the importance of sedimentation in determining ecological processes.
CRiE: SCIENTIFIC REPORTS, 2016, doi:10.1038/srep36300)

Estimating the volume and age of water stored in global lakes using a
geo-statistical approach

Mathis Loic Messager; Bernhard Lehner; Giinther Grill; et al

Lakes are key components of biogeochemical and ecological processes, thus knowledge about their
distribution, volume and residence time is crucial in understanding their properties and interactions within
the Earth system. However, global information is scarce and inconsistent across spatial scales and
regions. Here we develop a geo-statistical model to estimate the volume of global lakes with a surface
area of at least 10 ha based on the surrounding terrain information. Our spatially resolved database
shows 1.42 million individual polygons of natural lakes with a total surface area of 2.67 x 10 km? (1.8%
of global land area), a total shoreline length of 7.2 x 108 km (about four times longer than the world’s
ocean coastline) and a total volume of 181.9 x 103 km? (0.8% of total global non-frozen terrestrial water
stocks). We also compute mean and median hydraulic residence times for all lakes to be 1,834 days and
456 days, respectively.
CRJE: Nature Communications, 2016, doi:10.1038/ncomms13603)

Remote Sensing of the Water Storage Dynamics of Large Lakes and
Reservoirs in the Yangtze River Basin from 2000 to 2014

Xiaobin Cai; Lian Fen; Xuejiao Hou; et al.
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Basin-scale water volumes of lakes and reservoirs are difficult to obtain due to a number of challenges. In

this study, area-based water storage estimation models are proposed for large lakes and reservoirs in
the Yangtze River Basin (YRB). The models are subsequently applied to Moderate Resolution Imaging
Spectroradiometer (MODIS) observations of 128 large lakes and 108 reservoirs between 2000 and 2014,
and the first comprehensive map of the temporal and spatial dynamics of water storage in large water
bodies in the YRB is provided. The results show that 53.91% of the lakes experienced significant
decreasing trends in water storage during this period, and the total water storage in lakes showed a
decreasing trend of 14 million m3 month-1. By contrast, a monthly mean increase of 177 million m3 was
observed for water storage in reservoirs. Our analysis revealed that the pronounced increase in
reservoirs was primarily due to the rapid water level increase in the Three Gorges Reservoir in recent
years, while understanding the water loss in lakes requires additional studies. The long-term data
presented in this study provide critical baseline information for future water resource monitoring and

regulation in the YRB and China.

CkJE: SCIENTIFIC REPORTS, 2016, doi:10.1038/srep36405)

Impacts of Three Gorges Reservoir on the sedimentation regimes in the
downstream-linked two largest Chinese freshwater lakes

Yonggiang Zhou; Erik Jeppesen; Jingbao Li; et al.

We studied the impacts of Three Gorges Reservoir (TGR) on the sedimentation regimes in the
downstream-linked two largest Chinese freshwater lakes, Lake Dongting and Lake Poyang. Our results
indicate that up to 1.73 x 10° t sediment was retained in TGR from June 2003 to December 2014. This
resulted in a 145.9 x 108 t yr—1 decline in the suspended sediment load at Zhicheng and a 16.8 x 10% t
yr-1 lower sediment flow from Yangtze River to Lake Dongting, which partially explains the 13.4 x 106 t
yr—1 lower sedimentation in Lake Dongting during the post-TGR period. Furthermore, TGR resulted in a
0.5+ 0.3 m reduction of the multi-year mean water level at the Lake Poyang outlet Hukou, accelerating
the suspended sediment export discharge from the lake. The reduced sedimentation in Lake Poyang
during the post-TGR period was estimated to 6.3 %108 t yr—-1. We estimate that a monthly mean
concentration of sediment flow from TGR below 0.60 kg m-3 will lead to erosion in Lake Dongting and
Lake Poyang. Better regulation of TGR may extend the life expectancy of the two vanishing large lakes.
CkVE: SCIENTIFIC REPORTS, 2016, doi:10.1038/srep35396 )

Is water age a reliable indicator for evaluating water quality
effectiveness of water diversion projects in eutrophic lakes?

Zhang, Xiaoling; Zou, Rui; Wang, Yilin; et al.

Water diversion has been applied increasingly to promote the exchange of lake water and to control
eutrophication of lakes. The accelerated water exchange and mass transport by water diversion can
usually be represented by water age. But the responses of water quality after water diversion is still
disputed. The reliability of using water age for evaluating the effectiveness of water diversion projects in
eutrophic lakes should be thereby explored further. Lake Dianchi, a semi-closed plateau lake in China,
has suffered severe eutrophication since the 1980s, and it is one of the three most eutrophic lakes in
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China. There was no significant improvement in water quality after an investment of approximately 7.7

billion USD and numerous project efforts from 1996 to 2015. After the approval of the Chinese State
Council, water has been transferred to Lake Dianchi to alleviate eutrophication since December 2013. A
three-dimensional hydrodynamic and water quality model and eight scenarios were developed in this
study to quantity the influence of this water diversion project on water quality in Lake Dianchi. The model
results showed that (a) Water quality (TP, TN, and Chla) could be improved by 13.5-32.2%, much lower
than the approximate 50% reduction in water age; (b) Water exchange had a strong positive relationship
with mean TP, and mean Chla had exactly the same response to water diversion as mean TN; (c) Water
level was more beneficial for improving hydrodynamic and nutrient concentrations than variation in the
diverted inflowing water volume; (d) The water diversion scenario of doubling the diverted inflow rate in
the wet season with the water level of 1886.5 m and 1887 m in the remaining months was the best water
diversion mode for mean hydrodynamics and TP, but the scenario of doubling the diverted inflow rate in
the wet season with 1887 m throughout the year was optimum for mean TN and Chla; (e) Water age
influenced the effectiveness of water diversion on the improvement in TP, but not in TN and Chla.
Therefore, water age solely could not be used to evaluate the restoration of water quality in a eutrophic
lake, because geobiochemical processes played a more important role in the growth of algae than did
water exchange in Lake Dianchi.
CRiE: JOURNAL OF HYDROLOGY, 2016, 542: 281-291)

Linking freshwater fishery management to global food security and
biodiversity conservation

Peter B. Mclntyre; Catherine A. Reidy Liermann; Carmen Revenga.

Fisheries are an essential ecosystem service, but catches from freshwaters are often overlooked.
Hundreds of millions of people around the world benefit from low-cost protein, recreation, and commerce
provided by freshwater fisheries, particularly in regions where alternative sources of nutrition and
employment are scarce. Here, we derive a gridded global map of riverine fisheries and assess its
implications for biodiversity conservation, fishery sustainability, and food security. Catches increase with
river discharge and human population density, and 90% of global catch comes from river basins with
above-average stress levels. Fish richness and catches are positively but not causally correlated,
revealing that fishing pressure is most intense in rivers where potential impacts on biodiversity are
highest. Merging our catch analysis with nutritional and socioeconomic data, we find that freshwater
fisheries provide the equivalent of all dietary animal protein for 158 million people. Poor and
undernourished populations are particularly reliant on inland fisheries compared with marine or
aquaculture sources. The spatial coincidence of productive freshwater fisheries and low food security
highlights the critical role of rivers and lakes in providing locally sourced, low-cost protein. At the same
time, intensive fishing in regions where rivers are already degraded by other stressors may undermine
efforts to conserve biodiversity. This syndrome of poverty, nutritional deficiency, fishery dependence, and
extrinsic threats to biodiverse river ecosystems underscores the high stakes for improving fishery
management. Our enhanced spatial data on estimated catches can facilitate the inclusion of inland
fisheries in environmental planning to protect both food security and species diversity.
CRIJE: PNAS, 2016, 113(45):12880-12885)
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Bayesian Monte Carlo and maximum likelihood approach for
uncertainty estimation and risk management: Application to lake
oxygen recovery model

Chaudhary, Abhishek; Hantush, Mohamed M

Model uncertainty estimation and risk assessment is essential to environmental management and
informed decision making on pollution mitigation strategies. In this study, we apply a probabilistic
methodology, which combines Bayesian Monte Carlo simulation and Maximum Likelihood estimation
(BMCML) to calibrate a lake oxygen recovery model. We first derive an analytical solution of the
differential equation governing lake-averaged oxygen dynamics as a function of time-variable wind speed.
Statistical inferences on model parameters and predictive uncertainty are then drawn by Bayesian
conditioning of the analytical solution on observed daily wind speed and oxygen concentration data
obtained from an earlier study during two recovery periods on a eutrophic lake in upper state New York.
The model is calibrated using oxygen recovery data for one year and statistical inferences were validated
using recovery data for another year. Compared with essentially two-step, regression and optimization
approach, the BMCML results are more comprehensive and performed relatively better in predicting the
observed temporal dissolved oxygen levels (DO) in the lake. BMCML also produced comparable
calibration and validation results with those obtained using popular Markov Chain Monte Carlo technique
(MCMC) and is computationally simpler and easier to implement than the MCMC. Next, using the
calibrated model, we derive an optimal relationship between liquid film-transfer coefficient for oxygen and
wind speed and associated 95% confidence band, which are shown to be consistent with reported
measured values at five different lakes. Finally, we illustrate the robustness of the BMCML to solve
risk-based water quality management problems, showing that neglecting cross-correlations between
parameters could lead to improper required BOD load reduction to achieve the compliance criteria of
5mg/L.
CRiF: WATER RESEARCH, 2017, 108: 301-311)

Reconstructing fish movements between coastal wetland and
nearshore habitats of the Great Lakes

Schoen, Lee S.; Student, James J.; Hoffman, Joel C.; et al.

The use of resources from multiple habitats has been shown to be important to the production of aquatic
consumers. To quantify the support of Great Lakes coastal wetland (WL) and nearshore (NS) habitats to
yellow perch, we used otolith microchemistry to trace movements between the habitats. WL and NS
water and fish samples were collected from lakes Huron and Michigan for water and otolith trace element
analysis. Recently deposited otolith-edge Sr: Ca and Ba : Ca from otoliths were strongly correlated with
the chemistry of the water in which fish were caught. In general, Sr : Ca and Ba : Ca in otoliths were
significantly greater for individuals collected from WL areas. Because of these observed chemical
differences between WL and NS habitats, quadratic discriminant function analysis (QDFA) was used to
classify individuals with high accuracy to the habitat from which they were collected. We then combined
the predictive abilities of QDFA with the otolith chemistry transect data that represents an individuals'
entire life, to classify habitat use through each fish's life. Our results suggest larval use of WL habitats as
well as three life histories for adult yellow perch. These strategies include (1) fish utilizing WL once
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annually (2) WL residents (3) WL residence as juveniles followed by movement to nearshore as adults.
This application represents a novel use of transect otolith microchemistry to reconstruct fish movements
between freshwater environments across entire life spans at fine scales. These results suggest that
regular movements of fish may facilitate the production of coastal fishes in the Great Lakes.

CRJE: LIMNOLOGY AND OCEANOGRAPHY, 2016, 61(5): 1800-1813)
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T SCE R, eI R MU EUCRERIF 78 R .4 345 B B AT T8 T H X 227K K R L AR AR 1 7
SHARADEMRO ¥ M7 (K178 G R 28 AT 2 —, MRO EMiAH WM AE
KEPIE TRk o AZAT55 BIRIIR 35 S A8 FL RE S 35 B R 22 A TR 82k
BRI R DL R 2 AR, WK — B 2R SE . SHARAD R A& & HH
KA AR, 2B H R REAEAT SR SR Mo . G T
56 [ A Z M B R AT BRI T2 5 T2 & W -0t TAE . o BT ey
B T Je s e S = (OPL) v 3R [ FRHUR BHAE 55 & R AUV E EEMRO Wi, 1M
BT FHR S TE AR « BT 2 R G0 m EMRO (M i AR L R JF 0 1% W R
RIS AT SRR S Fr
[R3TKIR::
http://www.sciencemag.org/news/sifter/hidden-ice-sheet-mars-contains-more-water-lake-superior
CRYR: Science® M 2016-11-28 HRAEA B k14w 1%)

U ED B R KRG TR TR E

PIEURFHEAT MR A H 1), B2 55 B RIAE TR () 22 7 1 2 A i ) A1

iz, HITHTGE T M B 2 5 R
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PR, SR T B3R SO KRR IGHE, A2 BN S K R K 77K BRIk
TR R i A, {HTE 20 th2g 50 EAX, BN EEBUR R A RTE S 8 R
LR AR FIVEARE . @M SRR . TR R AR SR, AUNE T 5
BURWIR IR, FLEE AR o 33 B T AR

1911 4E, L3R K M Ve B AR ik 83 Py S L (4 215 F 5 T2k , % 2008
B A 40 P (29 104 F KD

2008 4, [HpripHiH G 8200 ikt (Aa ARM 4.81470) HUMEE 5
IRNAERS, ENFEEISTE 2011 SEBAEH T 4730,

BEEREIR, SEURIINAESBERZS RBUF S EMR, SEARRRX— K
RHNANFZEF .

CRIE: AR http://www.gmw.cn/ 2016-11-14)

IR S KEREASIMETEAL

B EEmMFEREMNRREMAREERFRENTEAK

5% FE AR Je MM 2R R B2 M e K AR VA —— 2 R it 2 — 22 AN R R
TR, B2 BRI EERIX, RN 51150 0% % . 281, mTARKKE
RBJALIR AT AANY K BRIKEER R, KB RREIA O™ EE %, LN
o %, R P TR 5 RO PR RO YD 2B e ) SR, 3 7K R b B A i K 5
N, WK EIETS, HOR RIS R RE Uk, G BERIR X O N2 .

CRIFE: (BHHIRY  2016-10-14)
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RAND: {ERSERRIRIIE AR ZFHKFiFEHR]

2016%F12 F =484 7] (RAND) fEZ ATy (M m e R TR S 47 /K BRI
K1) (Using High-Performance Computing to Support Water Resource Planning) [J#k
o, e, TR RS SRR A 32 B th AR SRR — TS AR — AU R A, XAl
i BRI VAR PR Bk R rp, BRONARAERT (R ZZ 1 IR, 25 1R 2 AN E 1)
PRI 2R AR A 28 i 25, 36 AN R SR R v o 55 285 R0 0 AT 85 B R B 5K R AR AE AN S 12 o
AR A5 FH AR AN RSSO A FH AT P SIS IS PR 53 B 2 244 1 4R 538 85 o 7 A 4 ) I
N F] 5 5740 A IR R B ZSREG 5 (LLNLD [ ¢ & S8R t A8 A ot s s —
M — R i vk 55 Y (Robust Decision Making, RDM) A DL{R 4 Hbfif thix
— A8, JCHAERIRE B AU . KRR RS (RDMD N H T 2% 5
Hoip 22 S M 2 PT RR 2R O AR R 5 3 [ B2 55wy R 2 T K st FR it o b
JR3CKIR: http://www.rand.org/pubs/conf proceedings/CF339.html
Ol BREAF A IS PR 2016-12-15, 5524315155293 40)

WRI: EEFRIPIRAKIFEREBFITRIBEE S

20164E10H27H, AWM FLHT (WRD AT IR K HL)  (Protecting
Drinking Water at the Source) ##. AP 136 H &K 13N MBI 53 it
R SE IR T AN B A G641 . 7E2013~20164F 3R], >k B th 5 BEUR B 7 A1 R 2 i 2 1
SEREZEIRE RN G243 B AT T S % 13N s R T R A 36 A0, SR 3R
— NIRRT R B R . WG RE, BT IFRIREGIR A b, 43— MR
P SRR LG e 5 A S AL IX o 31N 3 B 13N B Kl 1) 40 A5 X 3k
TN BT A R DX IR B R B 7E DX 3t R A AR L

TABEE TR B 7 T8 R 5 B R S R OR AR K BRI . 1X
BRI UK (WK S ARl TEUE MFIALRD R B L E &
(IS E MRS R EF AN Z AL ) o AATECA KA L.,
RF A & BURHIUA . (R AU A N 25 B SR 4t 22 & U /KX A B ARiA
IR RFERFUIE o (5 SR SR R R & 5, WD LA 2, SO RIL Rk,
VAT ORI RRETTE, 5 I N U052 56 114 B TR 4k . /KA B
3 A] DU X T 7SR BOE B U 2 AH DG O T B Rl B o gify . %
2 it g AR BRI B BOR R I 2R B0 AR S S it % 2R HE SR
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" IR A

R 2 BRI RIS M BRI SEEAESE

MrEx ik il

HBRERRETT | LRAIRE (BA FRE FMEIEBESFE;: 2837
B | MBRBRNE; 8 | kFERREREEACTRE: 3. @H—NEFTHRARRE
PIH | REBFBEMERX | R 4H0KAHEIL. HHBOR. FERARRTHFEES
ERIRIE. BRIFENERE.

FETRORE | SHERIFHTETR; 6 IPEREMELES; 7.8RKA
MEGFER; % | #HF. AF. Z&LERFELHURMBNKPTENRR
ELPHRIER | HLH.
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JEIC3RIE: http://www.wri.org/publication/protecting-drinking-water-source
CRIFE: RlE R shB R MR 2016-12-15, ZE24 81555293 841)
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3 E BB SRS Bk E M 8RS Rl

201649 H7H, TEEBUMN KA B K t/Ki&E B 77374 ) - (National Flood
Resilience Review) KR+, & 2 7 ICE WK IE N ATBUIR, 4364483 H i
PR ITHR,  SaE 1 20214 )5 IR S AR o

1. $REHb T BRI & B

26 H o, BUN C & FIERE AT WL S AF, B 7 TG K XU (1 152 it DA
S RZ R G2 R N TGVESRAF AR S5 1 it . — LT B4 B 1 SR M 7,
AR AT 3 A — 2. A0 T R BT Bl AT & A &=, i
SEBET RIA TR, d R B e B T B, B BB AR,
SRS ik koK A o BN BRI IR S5 i . E AT A SRS

(1) A7 PRt £E2015-20214F $5L 55 2. 5425285 , 18 e I 258 S0 vk K )3 2 7
AT TR A 1 A 30 BT A R85 Xt Gulind 154 N AN H 8 Wi vtk 7K Rt §E 77 1
IR s, ISR T BB AT AT AOE, B X S R a2 E TR R R I e

(2> AKFFHEEATI O LR, 7 AR NS E BRI &R ), FEX
IR T A B B 0 P /K R TRIAT Bl VR DEA T 2 38 o) A v 73 7K 4
B IRt o IX AT ML 28 7K 12016 4F S5 E 5 2 B, SREIATE B A7 1) 48 342
I o

(3) B CAE AR WIE S, S 1FEE SBUM At LR s 5 7 (8]
EEFE BILZ LS. BUFIEEFRI S AHFN AR, d@r—AE KIS
EN TR, B OBBEATLRAEMGEEILE; OflE R TiEN
A EREW; O & e AR Z MMt @EZESBN T, A
[FATAVERI T FHICHE T 3& B /73835 (Local Resilience Forum, LRFs) FHEURF A &) %
2N AE/NH (Cabinet Office Briefing Rooms, COBR) HLil [8] fIHE &

(4) 20164F T 45, BUNMKFRBITE/EY RH &, Bk Rl
173 NBIKFIE =

(5) BURPHF 2% B4 78 A iy FE A IS B 7 (R AH G ENiR o BUR © 4 Z AT A8 I8
(Department for Transport) , f£20164F 42 K GEAIHK Bk 2 /i, W 7A€ 1™
YR I T S RS RO, A8 Tl A 2 A A B0 1] 2 2 AU R, DA
TRAE B R FE T, 0575 FEA A E I a S e o

(6) MRV AN [ AT b 2 TR A SV THI I APk, A0 Sk A A FH F & 1E,
iy R Sof T BRI 1t (A LR T 5 9 B SR R 42, BROR AR PR B MK R T i i
TAER I LE, BORAT AT DUd e ST B R R4 IR 55 1E AT

2. DLW NIEE ST

P 1o N e S R 0 7 T AT 2 5 R 45 -
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(1) 3555 (Environment Agency) 1571250 /5 545, F It 7K Be i |
BEKE . FHIRE W, RA R ERTF N K R R F KR

(2) BURFTHRI B 755 Je855 B4R 3k, 1 4 18 350 28 1 b /K SRR BA A AT DA 447
Hus, RERIRH G E R B IA PR RA R, B SN R 20164F % K < o

(3) BRI T MY EAF, Bid E R PTA oK RIS 5 =G 5, ME R
L% 5 T R, FEIE I IE B R RS AN ST Ak, BURF S @S —MTE D,
R RA A IE— R S R, (e g E R v, i &,

(4) FFERIATS), FEEBUGX T 7 RSN ARSI T/, R R
T3 ARG RSO ) R A . IAEE . B RFIR A FH S (Defra) 4 5L
I HAREETTAAE, 7 RN Gl — R AERAT AR, PREE S S )7 1 B
WIREE, FHRALSH R A7 SE B R 75 K e BRI o BURPHE (2 38 1 7 B
BN (EMN S1ES)  (Resilience Direct) HIfEH, #E—HeEMd GEMN 1HES)
SRR R, R R BTG R AN BT RIGHEE /1. Bk B, HFR—M
TH, Z5Manpra ARG TN EEMAT 4.

(5) 20164F kK, FREEB T RIZEAT — Y& R JIE SR, D0 29 1 S S s 46 B
% . PREEEE (Department for Environment) . Defrabl % [F % 2 5 555 Ak
(Cabinet Office Civil Contingencies Secretariat) ¥ 5 155 —t S L. RLHh
73 RN AT R R SR Ay BRI 380 3R 1) A RAG I 1 4% T A

3. FER LI TTIT R B K B A AN T ke A R

VAL RS 1) B AR A2 e 1 b = R G e Kl 4 i AR RT S AN i kK . B i )
BRI PR I RR R, DARG ™ B kK ¢ 5 R AR A SR W 35 A T e, M ATEAN SR
AR N SE IR A AR B SR T, AR T I GT IR AR  ik 2 M T IR B K B4
TR DAL [ % 03T (Core Cities in England) 22—t JE/R 4 (Sheffield) £y
FE R QB K B AN T A R B A, W — Pl i A RS AL, mT DUk i 2 T R
H AL IR AR A 2 b Rk R AL e F I

N SCREX TR, BUNES TIRZ KA 28112 2R s I A3 A%
FA RN, RO WA £ T R 8 T SRS R SR E B B e, 7% SR
S py - K B AR S R 5 35 5% R0 K L B3 7

X P AU VEREBINHEAT, 20 H AR AE AR L K R G A e 25
[ HABAZ O TTHE S X P77, o HA I T XS i 22, fE Rt R R A
Fa KR B R R SR P U], AR K B3 i R s H AR B A 2 RN SR AME . KT
K, AR XX N7 R BT 3T XIgr, FE R B I T
& /N L 2%

4. KEIBBESERRS) TR

DA MERECE RN, (B3R RT DIE DL N oy i DA . fdE: OFF K
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TERE ARG BTV, AT RE (A T F 4 S B ) U /K SCRIE KAL),
FRARRAVEAG T E B It KR AR L e 520 LA SOVl — 2R 81 K 37 1R AR
SR ERANPREE . @i — B DT L SRS B A R Kl sk, (BT SeE v E
57 I 7 3 AN [ I U R AR AR vk K SR R AT RE s ik — P K R Gt T ik R b
BVl AT E M, AFEE SR AR @& VAL A RS A ¢
SO, BAEE O RER, DURBEARR T KRR S) .

B EAEHERE T AR LUSR 5 78 38 I SR IE BB AL, FAE AR TR —
a2 EH (EFPK XML  (National Flood Risk Assessment) 45 . 1155
IS T — AN JE KT R G, ZARGE U AHES 5%/ (Met Office) —
TR MR RSN =, SN DI 2E A R S MK T . SR Rk AR E
S e, WAL P RS AR A K XU AR e A IR 7

B PRI I 7% A S A AT B, FFEF R A iR . B
s @t R dA 5T R R REEES, ELRFNEGIERR, TR TR
ZRA K AR PPAL AR A

5. FRBEF UK XK VA E

FEZ RTRHE R K (Sciencewise) T H #& = AR BUK ARG Z 5 ALl F, 5
B S5 HANAEAE, TFRAFR 715 F A1k 7™ Bk O ()R FE A AT REdE

BB M HBTITE, PR — KRS = IRES), AU T 7K XU
FEIX, R R B it 7K KBS AR S H 2 AR 22 Py K AL X, B 7 Bl X 84§ 1T B
b DX O A T A AL DX 5 vk A RIS 977 o Rl 9 R BAT B

Defra il id HR} 2% )2 14> (Science Advisory Council) , S5HEEERS R
JREAE, ERHUNAT 5 AN ] 52 A 38 vk 7K R il 58 1o

6. HFRIKZ U

VR S o o A ES T B g = R By w1 b N v (b1 i b
AR MIK ) EERIE L —, RAZCREUT 82 EALIX MR 7K

20144F (MK EA)  (National Risk Assessment) 45 2% f& 1 IRt K AT P
WiV K PR At AR UG, AR 7K RIS JLF R SR 1 T iz il KU, DA B — Se B A
(1)K B H R KZ ME AN s . 20164F (B SRS PEAG ) 55K 23 FF i T A A
FARZ W RS, R R K2 s AT M B AN R R, AT Fo Vi 7E [ SR
DX =T b, S A SR R 7 v R A B b e 72 T 1 AU o

FEIX L b7 BUR S 458 (Department for Communities and Local Government) ¥
EiDefra. IIEH. SCBER G AHCE G E, VPR DE B BRSO RN R
TIRRIBURSE N, RO 59 R R AE S I AT 2K .

7. KIIREE (20214E)5)

FEARJEW N, P EBUFR 4R A g B it GO 52 51 9 B R S . AR Jm il
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A—ANEk, 65 MR IE L 150080 TR, #E20214F 2 RPRF A i XU 4 41K5%, 5
G R30I K BE . 20164F TSR (I 1 A4 K, BIAE20214 /i 9K B A AN
T AP TAC G5 o DA AR B R H 20214 5 Sk R e v A U BB
s, -

(1) T ARIEAL E IR AUEDS , Defrady J5 2 10VE R )78 1202148 5 1% 55
PR BURFAE SCREA X AR 22 5 U L A S B ) P A AR ke FE SR iy g 4k
Tb AT P36 S ) 7 T BUR22 2 5, Defral MERESE . HEES (HM Treasury) LA
N B o8 FERl s 512> (National Infrastructure Commission) &1F, % EK % F
SR GRIEFE, HIERCOITT &N 7, 48 W FE R A2 BT R B i
HIFT AR ) 2256 B0l - Defraff) TAE 2275 F& ORI ALE N A Z IR, 3 D) i 9 [
T AR AR, 2 E R/ K R 2% FEBURT R AL 23 VR

(2) Defrals FIIAEEE A, INoR KSR RN 0T, 0 ORBUF B e 3R
JAIS 5t v PR e DX R e KA 6 M) i s B~ 487 - Defracks PFAR IBUR 4% 55 4nART e A7 350
SEHLRLL H AR, R 3R f f  7] BEAS S8 S0 VARG SR A B XU .

(3) BUM HI64F B R i 5 S M E R B 7R AE B 07 Il D4 it 1 SRR e,
FOVF RS BN LA e e AR L B s R A B 22 O TR . ARSRIBUR K5 182021
FEJa s AR T BURF I3/ Bk K XU RN i B4RV RE 0 R shtJl it ik — 20 B5G

(4) Bt "2 [ K B i R R R T7 R — 87y . H AR K BEAT LA SRR 22
UFak, BURHIARK2SFE RIS TRl N sa s 7 SRR RIER], JEeq gk
ok, HEA ISR K BRI S K

(5) WA T# R PRI, (8 2R & B TVERITEAE T . BURPRE 25 4k 25
$a B2 T SRR B, B ORBT T8 CHL ARy i 7K A 3 ) 3 A PR T D
L5 & G TRED B R 25 58 5 7.

JR3CKIR: https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/551137/

national-flood-r

CRIR: BRSSPSR 2016-10-01, #5193 X 552883)

=RAFAMNELKIRR BESKRZESTENTA

20164F10H 13H, *=fEAF (RAND) AKA#E (AL (The Hot Spots of
the World) #%, H&. BRIEAUKHIGZ AL LA AR Adr, b= E AR Al 1
CNAF LR -REVR- /KR 8" (Pardee RAND Food-Energy-Water Index) 1.5, DL
AR BRI RIS S . ARAEFN=KEEA ORE. REIEAKD e
VOB A A A ), T T AR 55 2 AR AR PR AN T THI Rk o Dy B 0 P2
FRAE . BRVRANZK Z 18] (0416 28 mT DA it Bl B B vk R0 S R A6 28k T3] ERF 9, e % B 2
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[ R A BRI IG APk, AR SE . 22 A BB 53 R IR A =2 A 5 A B
(PRGS) HJ#AMIC AL | HFAE S EB MR A REVRAN/KIRX = KA 2 8] 19
AR R WEFEN G 7 & E E R aTOHKE . BV AR AT AR
Ao IS DU A28 o« SR AT & 0 1 LA B AR LUR AR B KA REYR Z AT SC AR
FESLIERE b, ARATEVE T “Ia 2R - Rk IE 4, 12 TR — &I A3
fr. EER RSO, R 7 EAT e R REIRAUK B 2 4REs, IR LE
ARKAG TP X =K, RIS P BES PRAIERAS AR SR & KA BE TR Y
VA CYS T

HDI Tier

Shading Very High

(@ FEW Index High

O Food Sub-index Medium
0.0 R 0 O Energy Sub-index Low

(O Water Sub-index [#] <No HDI>

B “IAFEZERE-REIFE-KER HE
ARKRIGE S AN OHE T WAL 732 219012, b5, ARk
B/ INA0% I &Y. AKMEEIR. A RIEE % TR WS E N, &
TARTREE A REEHRE . AKMBEIE K BERA R THR], #— DT e, RElRS
TR IR EE R R S AR A 5 BRI AR LA 55
JR3CKIR:  http://www.rand.org/blog/rand-review/2016/10/the-hot-spots-of-the-world.html

CRIE: BFET S shas W ERIR 2016-12-1, 45 23 HIE4E 292 4D

EToK R PHE BRI R AR E M AT R & R VIR 12

2016411 H7H, /KEZRIZ (Water Footprint Network) £ 2k & AT iz LA RS
MR -EANE R (g, BREMRET. mgh. HRW. LHE. SERHwMSHE
i5) JKEIZEMEN (Water Footprint: Key to Sustainable Development in Sub-Saharan
Africa) iy, IXJ2 H OMZ X IO R IX K R 5IvEA, o H A8 /KR d N — A
XA LA AR AR A B X K BLE) T, DL i 8 BUR AR SRR R iz X
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TR, RS TR & BRI A K 200 H A2 ),
FI AR SR SRt IS K 56 92590 F £

WS BATEE %, R 17590 Bk R 5 T AP HOAE M, 14X
NHETRAARNAE . IR RO L8 (034 R 04 2 I
PORIEAIR, BRI Ar R SCBUTT RFAE R0 AR . A B A R-TR M 0l 2 R
AKVERIRE 20, AR TR SR T 22X AR £ 107 3R Sk VR
2 AR, SRR A RO ) MO AR EL B B T 23 AR
BT IR % 4 I D S . (R, BORHT B T 5 00T 37
WK, SR T A MK A R A B IR LA
DML S 8 0 6 E SR B/ B 0K RO @RI 4ok R A e
TS, LAVEA (R BRI 72 ) 30 5 S04 2
R @A B TR K R T RFSEPEAT A RO PR V%A R T
CREBVRARYD) %, DL R S e YL, SUM SRR

AT AP A G X T RFBR R TR 2 22 R PR T B2 cHR . 38
TR T DR TR T ARHL T RISCRE — M TRFERA0 . TR 07K (540 0 R R AR
HE— BT TSR 6047 08 AR 11 0 BT LA S — K
AL 2 G026 ORI . OB DT TN T RS R R 0 DU R0 e (DO
AR EOK VIR (HERD) EIAROA B DL TR O e 2 UM SL f
FRKE . @F KW, WIGEFSIH AR T oKL, A5
TG FEK VU 1 ST . @M ATHR BRI H K, %68 5 01 T
KT T80 017110 EL VAR I ST R R R . V™ (A
PR RS BRI, KB TR B O MK AR

FECKRIE:
http://waterfootprint.org/media/downloads/WEN_press release Africa WF Profiles 2.pdf

CRUE: R shas IR 2016-12-1, 45 23 #1M% 292 #])

KK EHR B R EESRM, EREF—KH, T RERAKE!

2 2 KB =R PIERAE ST, KK KERERD, 3
B B A EER 72— FRNMIRKIR, DT KFERA “RE”
DR S R s AN AR RS 2 A AR S L 53R, REE KRR 5
KA SENL, WEASRIBCRWG W5 8 AW SRR AR R KR F .
IR SERIIEAT S, KB KE AR TR A S !

P A b RA A AWK DLRT K AR RS, (HH AT R AR KT
Wit dh. BT, MRCRRREIES, RAGEEN T B R
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fig, GEVOAR AU RAERES, DTHEsE)h, RARE2 R A, — AT A%
B0, KL B TP A R FAERMIP G, RREERHK B L5, 4546
WA KR AL A ) SRR/ 1, IR R B ok, WS B g™ T

WWHE TR, KRR EATEMLA . JU A REAE, A biea s E
XKFEEYIE], RK T LERGOKFE 2SR TP KA SRR Tt
bR, XEHEKE AL E B B bR A S 2K, 3T 57 25 BB K T LK
B, RPN AP B, DRIPOREAREEANZ WA I 2 KRBT 5, AR
ABAHBOERS], XERLFE T KFERHT R .

) T SRR O, S R AT eI E TP KRR R ERE
SRIANM: vt R 2 €5 dEi 1N 1 B EPE S RSN S 1 2 NE P S S AT
SRR DOKAR TR, TR KSR RIEBI A, AUEEY . M XA R
RN S )iE: HRAKEEAE R R, APKIEA ST 1152

WIAES TR AT ARAE AT, KIEKE H BT AR @ A,
KRB TiEER, SFBOKE KRR, 813 DA B S IhEE, Kol xR 5EM
BB, FEEZBN. ZALRER, KIBRITHIKE R IR AR, AN LR
AT PR ARt g HU B S TE AT T i i £ 356 X IE SRR, I ROKE
BOA T BORTHARSET:, BUS U, Kl E & TR AR ™ 5, 8 KR A2 mT AT
W RBER A, BUT R AL 9% EORAL B A

IR HIAR2300°F 5 o~ BL, P a/KIR2AK . B L SR AE S L IR A s, A
ARGRE @RS, KEXHIK, KA T R GA BRI RWWAE
BRGE T K R AT IR 20 F RV U, KWIRE BK B, KA B 2E
BRG R EYMZ RN, JUHORIR R 1K U E e B AR TE X IESCE K,
IEFERHREARZ T, Mad T, N EHZS0EMRIIIAE, KiFIKEBOR D .
BRTIER, KEAUFM RS R, BB, DoRIR 738, kIR 73 thpidis 17, X
AR IE SCARGR Lo o A, ORISR I L R gt i 8 8 7R AL, KRR SR KR,
EAVEAERIM g, AERBORPRBEE TR, KED T, HENE T,

R R UL S IR ST IR S TRV AN R, KN 0
IR SRR #2108 70%, ¥ PR IR R, Wit T Eas. REoKXigh Ak 55
0F, AREHKEY, FAOKBIDIREE, RUERIEIET:, 70 e fW) o7 /2 1 ) 5
R TUKE A ATTEARR, XK AL DI RERTK AR B 1§68 71 R 55 stk ok, K
FRIEIE, KR ZE — R, ARG ORI . A8 KR K FIH AR O
T, KEATEITH , MRAAERFELILR .
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