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Recent global decline in endorheic basin water storages

Jida Wang, Chungiao Song, John T. Reager; et al.

Endorheic (hydrologically landlocked) basins spatially concur with arid/semi-arid climates. Given limited
precipitation but high potential evaporation, their water storage is vulnerable to subtle flux perturbations,
which are exacerbated by global warming and human activities. Increasing regional evidence suggests a
probably recent net decline in endorheic water storage, but this remains unquantified at a global scale.
By integrating satellite observations and hydrological modelling, we reveal that during 2002-2016 the
global endorheic system experienced a widespread water loss of about 106.3 Gtyr—1, attributed to
comparable losses in surface water, soil moisture and groundwater. This decadal decline, disparate from
water storage fluctuations in exorheic basins, appears less sensitive to ElI Nifio—Southern
Oscillation-driven climate variability, which implies a possible response to longer-term climate conditions
and human water management. In the mass-conserved hydrosphere, such an endorheic water loss not
only exacerbates local water stress, but also imposes excess water on exorheic basins, leading to a
potential sea level rise that matches the contribution of nearly half of the land glacier retreat (excluding
Greenland and Antarctica). Given these dual ramifications, we suggest the necessity for long-term
monitoring of water storage variation in the global endorheic system and the inclusion of its net
contribution to future sea level budgeting.

(3kJ5:. Nature Geoscience, 2018,11: 926-932)
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Glacial lake outburst floods as drivers of fluvial erosion in the Himalaya

Kristen L. Cook, Christoff Andermann, Florent Gimbert; et al.

Himalayan rivers are frequently hit by catastrophic floods that are caused by the failure of glacial lake and
landslide dams; however, the dynamics and long-term impacts of such floods remain poorly understood.
We present a comprehensive set of observations that capture the July 2016 glacial lake outburst flood
(GLOF) in the Bhotekoshi/Sunkoshi River of Nepal. Seismic records of the flood provide new insights into
GLOF mechanics and their ability to mobilize large boulders that otherwise prevent channel erosion.
Because of this boulder mobilization, GLOF impacts far exceed those of the annual summer monsoon,
and GLOFs may dominate fluvial erosion and channel-hillslope coupling many tens of kilometers
downstream of glaciated areas. Long-term valley evolution in these regions may therefore be driven by

GLOF frequency and magnitude, rather than by precipitation.

(kJE: Science, 2018, 362: 53-57)
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Geographic and temporal variations in turbulent heat loss from lakes:
A global analysis across 45 lakes

Woolway, R. lestyn; Verburg, Piet; Lenters, John D.; et al.

Heat fluxes at the lake surface play an integral part in determining the energy budget and thermal
structure in lakes, including regulating how lakes respond to climate change. We explore patterns in
turbulent heat fluxes, which vary across temporal and spatial scales, using in situ high-frequency
monitoring data from 45 globally distributed lakes. Our analysis demonstrates that some of the lakes
studied follow a marked seasonal cycle in their turbulent surface fluxes and that turbulent heat loss is
highest in larger lakes and those situated at low latitude. The Bowen ratio, which is the ratio of mean
sensible to mean latent heat fluxes, is smaller at low latitudes and, in turn, the relative contribution of
evaporative to total turbulent heat loss increases toward the tropics. Latent heat transfer ranged from
similar to 60% to > 90% of total turbulent heat loss in the examined lakes. The Bowen ratio ranged from
0.04 to 0.69 and correlated significantly with latitude. The relative contributions to total turbulent heat loss
therefore differ among lakes, and these contributions are influenced greatly by lake location. Our findings
have implications for understanding the role of lakes in the climate system, effects on the lake water
balance, and temperature-dependent processes in lakes.

CRJE: LIMNOLOGY AND OCEANOGRAPHY, 2018, 63(6): 2436-2449)

Annual stratification patterns in tropical mountain lakes reflect altered
thermal regimes in response to climate change

Robin E. Bell, Alison F. Banwell, Luke D. Trusel; et al.

Melting is pervasive along the ice surrounding Antarctica. On the surface of the grounded ice sheet and
floating ice shelves, extensive networks of lakes, streams and rivers both store and transport water. As
melting increases with a warming climate, the surface hydrology of Antarctica in some regions could
resemble Greenland’s present-day ablation and percolation zones. Drawing on observations of
widespread surface water in Antarctica and decades of study in Greenland, we consider three modes by
which meltwater could impact Antarctic mass balance: increased runoff, meltwater injection to the bed
and meltwater-induced ice-shelf fracture — all of which may contribute to future ice-sheet mass loss from
Antarctica.

(CR¥E: Nature Climate Change, 2018, 8:1044-1052)

Downwind footprint of an urban heat island on air and lake
temperatures

Ann Cosgrove, Max Berkelhammer.

The urban heat island (UHI) effect was first documented ~200 years ago, making it the longest

recognized anthropogenic effect on climate. Although anomalous heating in cities has been meticulously

characterized, less is known about how the UHI affects surrounding regions. It is hypothesized that
5
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downwind of cities a “heat plume” forms due to the advection of urban heat. This heat transport may have
impacts beyond heating of the surface, such as disrupting atmospheric convection and influencing
boundary layer structure, which influences weather, air quality, and human health. Here, a lagrangian
atmospheric transport model, forced with archived data from a numerical weather model, is used to
generate a three-dimensional map of an urban heat plume for a major city, Chicago. We document
significant heating 100-200 m above the surface and 70 km downwind of the city. Over Lake Michigan,
the scale of the plume is truncated nearly in half (~40 km), suggesting the lake is acting as a sink for the
exported urban heat. Using satellite lake surface temperatures, we observed a disruption of the diurnal
pattern of lake temperature beneath the plume, which supports a possible role of the lake in absorbing
the heat plume. The results provide unique quasi-observational evidence for a significant footprint of
cities on regional atmospheric structure and potentially on adjacent aguatic bodies.
CR¥E: npj Climate and Atmospheric Science, 2018,1:1-10)

Antarctic surface hydrology and impacts on ice-sheet mass balance

Tang, Xiangming; Krausfeldt, Lauren E; Shao, Kegiang; et al.

Harmful cyanobacterial blooms represent an increasing threat to freshwater resources globally. Despite
increased research, the physiological basis of how the dominant bloom-forming cyanobacteria,
Microcystis spp., proliferate and then maintain high population densities through changing environmental
conditions is poorly understood. In this study, we examined the transcriptional profiles of the microbial
community in Lake Taihu, China at 9 stations sampled monthly from June to October in 2014. To target
Microcystis populations, we collected metatranscriptomic data and mapped reads to the M.aeruginosa
NIES 843 genome. Our results revealed significant temporal gene expression patterns, with many genes
separating into either early or late bloom clusters. About one-third of genes observed from M.aeruginosa
were differentially expressed between these two clusters. Conductivity and nutrient availability appeared
to be the environmental factors most strongly associated with these temporal gene expression shifts.
Compared with the early bloom season (June and July), genes involved in N and P transport, energy
metabolism, translation, and amino acid biosynthesis were down-regulated during the later season
(August to October). In parallel, genes involved in regulatory functions as well as transposases and the
production of microcystin and extracellular polysaccharides were up-regulated in the later season. Our
observation indicates an eco-physiological shift occurs within the Microcystis spp. transcriptome as cells
move from the rapid growth of early summer to bloom maintenance in late summer and autumn.
CEJE: Environmental science & technology, 2018, doi:10.1021/acs.est.8b01066)

Western U.S. lake expansions during Heinrich stadials linked to Pacific
Hadley circulation

D. McGee, E. Moreno-Chamarro, J. Marshall; et al.

Lake and cave records show that winter precipitation in the southwestern United States increased
substantially during millennial-scale periods of Northern Hemisphere winter cooling known as Heinrich
stadials. However, previous work has not produced a clear picture of the atmospheric circulation changes
driving these precipitation increases. Here, we combine data with model simulations to show that

maximum winter precipitation anomalies were related to an intensified subtropical jet and a deepened,
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southeastward-shifted Aleutian Low, which together increased atmospheric river—like transport of
subtropical moisture into the western United States. The jet and Aleutian Low changes are tied to the
southward displacement of the intertropical convergence zone and the accompanying intensification of
the Hadley circulation in the central Pacific. These results refine our understanding of atmospheric
changes accompanying Heinrich stadials and highlight the need for accurate representations of

tropical-extratropical teleconnections in simulations of past and future precipitation changes in the region.

(CCRJE: Science Advances, 2018, doi:10.1126/sciadv.aav0118)

Coupling large-scale hydrological and hydrodynamic modeling: Toward
a better comprehension of watershed-shallow lake processes

Munar, Andres Mauricio; Rafael Cavalcanti, J.; Bravo, Juan Martin; et al.

Changes in hydrological processes in large watersheds may heavily impact the dynamics of downstream
aquatic ecosystems such as lakes and reservoirs. In general, simple approaches that neglect the spatial
heterogeneity of watersheds impede understanding of the many processes occurring in these
downstream aquatic ecosystems. In most cases, observed river discharges are used as the boundary
condition for lake/reservoir modeling, which limits analyses of different situations and of areas that are
ungauged or water bodies with little data available. Therefore, coupling hydrological models with
hydrodynamic models seems to be a promising approach to allow one to understand how catchment
features (e.g., land use, topography) and river discharges impact the dynamic patterns, including local
circulation patterns, water levels and water quality in large water bodies in response to basin-wide forcing
factors. In this study, we used a complex, spatially explicit, integrated approach to assess the
hydrological responses to external forcing factors such as wind and river discharges, in the
hydrodynamics of a large shallow subtropical lake. A large-scale integrated system composed of several
sub-watersheds and a lake was analyzed by coupling a large-scale hydrological model with a
hydrodynamic model. Our findings indicated that (i) the integrated model improved the capacity for
representing the spatial and temporal variability of lake water-surface levels; (ii) the main hydrodynamic
processes (water levels and flow structure) are controlled on a seasonal scale (months) by the river
discharges, and on a short time scale (days) by wind influence (intensity and direction); and (iii) the
modeling strategy allowed evaluation of anthropogenic stressors such as irrigation withdrawals on lake
levels. This approach is an attempt to develop a physically based management model to simulate
complex systems as a whole, allowing one to understand the main factors controlling the hydrodynamic
processes and water levels, and accounting for internal (e.g., recirculation, horizontal mixing) and

external factors (e.g., anthropogenic stressors, irrigation).

CkJFE: JOURNAL OF HYDROLOGY, 2018, 564: 424-441)

Combining Landsat observations with hydrological modelling for
improved surface water monitoring of small lakes

Ogilvie, Andrew; Belaud, Gilles; Massuel, Sylvain; et al.

Small reservoirs represent a critical water supply to millions of farmers across semi-arid regions, but their
hydrological modelling suffers from data scarcity and highly variable and localised rainfall intensities.
Increased availability of satellite imagery provide substantial opportunities but the monitoring of surface

7
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water resources is constrained by the small size and rapid flood declines in small reservoirs. To

overcome remote sensing and hydrological modelling difficulties, the benefits of combining field data,
numerical modelling and satellite observations to monitor small reservoirs were investigated. Building on
substantial field data, coupled daily rainfall-runoff and water balance models were developed for 7 small
reservoirs (1-10 ha) in semi arid Tunisia over 1999-2014. Surface water observations from MNDWI
classifications on 546 Landsat TM, ETM + and OLI sensors were used to update model outputs through
an Ensemble (n = 100) Kalman Filter over the 15 year period. The Ensemble Kalman Filter, providing
near-real time corrections, reduced runoff errors by modulating incorrectly modelled rainfall events, while
compensating for Landsat's limited temporal resolution and correcting classification outliers. Validated
against long term hydrometric field data, daily volume root mean square errors (RMSE) decreased by 54%
to 31200 m(3) across 7 lakes compared to the initial model forecast. The method reproduced the
amplitude and timing of major floods and their decline phases, providing a valuable approach to improve
hydrological monitoring (NSE increase from 0.64 up to 0.94) of flood dynamics in small water bodies. In
the smallest and data-scarce lakes, higher temporal and spatial resolution time series are essential to

improve monitoring accuracy.

Ck¥E: JOURNAL OF HYDROLOGY, 2018, 566: 109-121)

Spatial and temporal dynamics of primary producers in shallow lakes
as seen from space: Intra-annual observations from Sentinel-2A

Pinardi, Monica; Bresciani, Mariano; Villa, Paolo; et al.

Under the current high anthropic pressure and climate change scenarios, a trend towards increasing
changes in the trophic status of shallow lakes, and the development of opportunistic floating species is to
be expected. This raises the need for monitoring and management actions to prevent widespread
environmentally negative effects (e.g., anoxia). An efficient approach to monitoring water quality and
primary producers in inland waters is to integrate in situ with remote sensing data. In this work, satellite
multispectral data acquired by Sentinel-2 A are used to assess the intra-annual spatial and temporal
dynamics of phytoplankton abundance, in terms of chlorophyll-a (Chl-a) concentration and macrophyte
Leaf Area Index (LAI) in a shallow eutrophic fluvial lake system (Mantua Lakes, Italy). Chl-a
concentrations and LAl were derived from Sentinel-2 A data by applying a semi-empirical band ratio
algorithm combined with a bio-optical model (BOMBER) for the former (Chl-a), and a semi-empirical
model for the latter (LAI). These products were validated against in situ data (rRMSE = 20% for both
products; R-2 = 0.93 for Chl-a; R-2 = 0.83 for LAI). Phytoplankton maps showed a marked intra-annual
spatial and temporal variability, generally revealing a Chl-a concentration gradient from lotic to lentic
waters. Air temperature was the main driver of Chl-a concentration, followed by water discharge and
precipitation. The macrophyte LAI followed aquatic plant growth seasonally, and was independent of the
hydro-meteorological data. Allochthonous and invasive macrophyte species (such as Nelumbo nucifera
and Ludwigia hexapetala) had higher LAl compared than the Mantua Lakes' autochthonous
floating-leaved species (e.g., Trapa natans and Nuphar lutea). Maps of the abundance of primary
producers can be used to follow the temporal and spatial evolution of different communities and support
management actions, e.g., by identifying potential algal bloom hotspots, or the optimal timing for
measures to control invasive species overgrowth.
CEJE: LIMNOLOGICA, 2018, 72: 32-43)
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Effective fetch and relative exposure index maps for the Laurentian
Great Lakes

Lacey A. Mason, Catherine M. Riseng, Andrew J. Layman; et al.

Wind exposure is a key physical driver of coastal systems in aquatic environments influencing circulation
and wave dynamics. A measure of wind exposure is fetch, the distance over which wind can travel
across open water. In large lake systems, such as the Laurentian Great Lakes, estimating fetch has
proven to be difficult due to their vast size and complex topobathymetry. Here we describe the
development of two spatially discrete indicators of exposure to provide a more accurate indicator of the
influence of wind exposure in the nearshore of the Laurentian Great Lakes. We summarized wind data
from offshore buoys and used existing tools to calculate effective fetch and a relative exposure index
(effective fetch scaled by mean wind speed) at a 30-m grid cell resolution. We validated these models by
comparing our exposure maps to the U.S. Army Corps of Engineers Wave Information Studies models
and found general agreement. These exposure maps are available for public download for the years
2004-2014.
CRJE: Scientific Data, 2018, http://doi.org/10.1038/sdata.2018.295)

Patterns of Host-Associated Fecal Indicators Driven by Hydrology,
Precipitation, and Land Use Attributes in Great Lakes Watersheds

Dila, Deborah K.; Corsi, Steven R.; Lenaker, Peter L.; et al.

Fecal contamination from sewage and agricultural runoff is a pervasive problem in Great Lakes
watersheds. Most work examining fecal pollution loads relies on discrete samples of fecal indicators and
modeling land use. In this study, we made empirical measurements of human and ruminant-associated
fecal indicator bacteria and combined these with hydrological measurements in eight watersheds ranging
from predominantly forested to highly urbanized. Flow composited river samples were collected over
low-flow (n = 89) and rainfall or snowmelt runoff events (n = 130). Approximately 90% of samples had
evidence of human fecal pollution, with highest loads from urban watersheds. Ruminant indicators were
found in similar to 60-100% of runoff-event samples in agricultural watersheds, with concentrations and
loads related to cattle density. Rain depth, season, agricultural tile drainage, and human or cattle density
explained variability in daily flux of human or ruminant indicators. Mapping host-associated indicator
loads to watershed discharge points sheds light on the type, level, and possible health risk from fecal
pollution entering the Great Lakes and can inform total maximum daily load implementation and other

management practices to target specific fecal pollution sources.

CkJE: ENVIRONMENTAL SCIENCE & TECHNOLOGY, 2018, 52(20): 11500-11509)

Large greenhouse gases emissions from China's lakes and reservoirs

Li, Siyue; Bush, Richard T; Santos, Isaac R; et al.

Freshwaters are important sources of greenhouse gases (GHGS) to the atmosphere that may partially

offset the terrestrial carbon sink. However, current emission estimates from inland waters remain
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uncertain due to data paucity in key regions with a large freshwater surface area, such as China. Here,
we show that the areal fluxes of GHGs (carbon dioxide, methane, and nitrous oxide) from lakes and
reservoirs in China are much larger than previous estimates. Our work summarized data from 310 lakes
and 153 reservoirs, and revealed diffusive emissions of 1.56 (95% confidence interval: 1.12-2.00) Tg
C-CHualy and 25.2 (20.8-29.5) Tg C-COz2/y from reservoirs and lakes. Chinese lakes and reservoirs emit
175.0 (134.7-215.3) Tg CO2 equivalent, with 73.4% of this forcing contributed by lakes. These aquatic
sources are equivalent to 14.1%-22.6% of China's estimated terrestrial carbon sink. Our results suggest
a disproportionally high contribution of China's reservoirs and lakes to national and global GHGs
emissions, highlighting major data gaps and the need of including more artificial and natural lakes data

from developing countries like China in global GHGs budgets.

(kJE:. Water research, 2018, 147:13-24)

Rapid niche expansion by selection on functional genomic variation
after ecosystem recovery

Arne Jacobs, Madeleine Carruthers, Reiner Eckmann; et al.

It is well recognized that environmental degradation caused by human activities can result in dramatic
losses of species and diversity. However, comparatively little is known about the ability of biodiversity to
re-emerge following ecosystem recovery. Here, we show that a European whitefish subspecies, the
gangfisch Coregonus lavaretus macrophthalmus, rapidly increased its ecologically functional diversity
following the restoration of Lake Constance after anthropogenic eutrophication. In fewer than ten
generations, gangfisch evolved a greater range of gill raker numbers (GRNs) to utilize a broader
ecological niche. A sparse genetic architecture underlies this variation in GRN. Several co-expressed
gene modules and genes showing signals of positive selection were associated with GRN and body
shape. These were enriched for biological pathways related to trophic niche expansion in fishes. Our
findings demonstrate the potential of functional diversity to expand following habitat restoration, given a
fortuitous combination of genetic architecture, genetic diversity and selection.

CEJE: Nature Ecology & Evolution, 2019:77-86)

Oxygenated Mesoproterozoic lake revealed through magnetic
mineralogy

Sarah P. Slotznick, Nicholas L. Swanson-Hysell, Erik A. Sperling.

Terrestrial environments have been suggested as an oxic haven for eukaryotic life and diversification
during portions of the Proterozoic Eon when the ocean was dominantly anoxic. However, iron speciation
and Fe/Al data from the ca. 1.1-billion-year-old Nonesuch Formation, deposited in a large lake and
bearing a diverse assemblage of early eukaryotes, are interpreted to indicate persistently anoxic
conditions. To shed light on these distinct hypotheses, we analyzed two drill cores spanning the
transgression into the lake and its subsequent shallowing. While the proportion of highly reactive to total
iron (FeHR/FeT) is consistent through the sediments and typically in the range taken to be equivocal
between anoxic and oxic conditions, magnetic experiments and petrographic data reveal that iron exists
in three distinct mineral assemblages resulting from an oxycline. In the deepest waters, reductive
dissolution of iron oxides records an anoxic environment. However, the remainder of the sedimentary

10
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succession has iron oxide assemblages indicative of an oxygenated environment. At intermediate water
depths, a mixed-phase facies with hematite and magnetite indicates low oxygen conditions. In the
shallowest waters of the lake, nearly every iron oxide has been oxidized to its most oxidized form,
hematite. Combining magnetics and textural analyses results in a more nuanced understanding of
ambiguous geochemical signals and indicates that for much of its temporal duration, and throughout

much of its water column, there was oxygen in the waters of Paleolake Nonesuch.

CRJE: PNAS, 2018, 115(51): 12938-12943)

Legacy Lead Stored in Catchments Is the Dominant Source for Lakes in
the U.K.: Evidence from Atmospherically Derived 210Pb

Yang, Handong; Shilland, Ewan; Appleby, Peter G; et al.

There has been a considerable reduction in anthropogenic lead (Pb) emission in the atmosphere in
recent decades. However, the reduction in Pb inputs in many lakes does not match this as the Pb stored
in catchment upper soil layers, derived from previous deposition, has become an important source
although it is difficult to assess quantitatively. This work uses atmospherically deposited 210Pb as a
tracer to track Pb movement, and so for the first time, we were able to calculate the relative Pb inputs
from direct atmospheric deposition and catchment sources to lakes in the U.K. directly. Within individual
lake sites, ratios of 210Pb/Pb in the catchment terrestrial mosses were normally an order of magnitude
higher than those in the catchment surface soils, trapped lake sediments, and the surface sediments in
the lake bottom. Results suggest that the Pb isotope signatures in the mosses are close to or dominated
by atmospheric depositions, and it is reasonable to use the ratios of 210Pb/Pb in terrestrial mosses
collected from the lake sites with a high annual rainfall over 2000 mm to represent those in atmospheric
depositions. It reveals that after the reduction in Pb emissions, catchment Pb inputs now typically
account for more than 95% of the total Pb entering the lakes.

CkJE: Environmental science & technology, 2018, DOI: 10.1021/acs.est.8b04099)

Characterization of CDOM in saline and freshwater lakes across China
using spectroscopic analysis

Song, Kaishan; Shang, Yingxin; Wen, Zhidan; et al.

Colored dissolved organic matter (CDOM) is a major component of DOM in waters, and plays a vital role
in carbon cycling in inland waters. In this study, the light absorption and three-dimensional
excitation-emission matrix spectra (EEMs) of CDOM of 936 water samples collected in 2014-2017 from
234 lakes in five regions across China were examined to determine relationships between lake water
sources (fresh versus saline) and their fluorescence/absorption characteristics. Results indicated
significant differences regarding DOC concentration and aCDOM(254) between freshwater (6.68 mgC
L-1, 19.55m-1) and saline lakes (27.4 mg C L-1, 41.17 m-1). While humic-like (F5) and fulvic-like (F3)
compounds contributed to CDOM fluorescence in all lake waters significantly, their contribution to total
fluorescence intensity (FT) differed between saline and freshwater lakes. Significant negative
relationships were also observed between lake altitude with either F5 (R2=0.63, N=306) or FT
(R?=0.64, N =306), suggesting that the abundance of humic-like materials in CDOM tends to decrease
with increased in lakes altitude. In high-altitude lakes, strong solar irradiance and UV exposure may have

11



HiaHFEHE (1012 A)

induced photo-oxidation reactions resulting in decreased abundance of humic-like substances and the
formation of low molecular weight compounds. These findings have important implications regarding our
understanding of C dynamics in lacustrine systems and the contribution of these ecosystems to the

global C cycle.
CRiF: Water research, 2018, 150: 403-417)

Low buffering capacity and slow recovery of anthropogenic
phosphorus pollution in watersheds

J. -O. Goyette, E. M. Bennett, R. Maranger.

Excess anthropogenic phosphorus in watersheds, transported with runoff, can result in aquatic
eutrophication, a serious global water quality concern. Watersheds can retain phosphorus, especially in
their soils, which can serve as a buffer against the effect of excessive use of phosphorus. However,
whether there is a quantifiable threshold at which a watershed exceeds its optimal phosphorus buffering
capacity (beyond which riverine loads would dramatically increase) remains unknown. Here we
quantified a watershed phosphorus buffering capacity threshold based on accumulation data over 110
years in 23 watersheds of a large North American river basin with globally representative agricultural
soils. We found a surprisingly low threshold of just 2.1 t P km™2 (0.03 - 8.7 t P km™2). Beyond this, further P
inputs to watersheds cause a significant acceleration of P loss in runoff. Using a simple exponential
decay model, the time estimated to eliminate legacy P via runoff in our watersheds ranges from ~ 100 to
over 2,000 years. The rapidity with which the watershed buffering threshold can be surpassed during
accumulation, particularly given current anthropogenic phosphorus input rates, versus the long return to
baseline suggests that new strategies to reconcile watershed activities and water quality are urgently

needed.

CRJF: Nature Geoscience, 2018, 11: 921-925)

Spatial modelling of the regulating function of the Huanggihai Lake
wetland ecosystem

Fu, Yicheng; Zhao, Jinyong; Peng, Wenqj; et al.

The regulating function is the least understood but probably most valuable service provided by an
ecosystem. To estimate the impact of externalities on the regulating function of a wetland, we modelled
the interdependence between activities that affect wetland characteristics and land utilization patterns.
Nature-based solutions (NBS) can provide benefits for society, the economy and nature. The NBS
solution for wetland bioremediation is proposed through a combination of ecosystem value provided by
nature-based or artificial arable land. We constructed a model to simulate the dynamic spatial and
temporal changes in the regulating function of a wetland to study the impact of agricultural and fishing
activities on the functions and services of a wetland ecosystem. The model was used to determine the
relationship between land use change, wetland range, water quality, and fish stocks. Huanggihai Lake
(HQHL) is a relatively isolated lake in an area interlaced with agriculture and pasture zones. From 1973
to 2014, the "shrinkage" of the water area of HQHL approached 60%. Under the influence of humans and
natural disturbances, the HQHL wetland faced enormous ecological risks, water pollution, area reduction,
sharp biodiversity reduction, and fish extinction. The phosphorus (P) concentration seems to be a key
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factor affecting both the reed growth in the nearshore areas of the Huanggihai Lake wetland and the
breeding of phytoplankton in the core lake water area. Dividing this value by the 25,821 ha of the core
wetland area affected by the reclamation, the cost per unit of lost fish production is USD$166/halyr. After
deducting the externalities of the fishery, the net sustainable income from the conversion is
USD$1717/ha. The spatial distribution of nutrient load externalities varies with the use of wetlands. In
terms of fishery value, the additional nutrient load associated with the conversion of wetland uses would
result in a reduction of at least 8% of the maximum sustainable yield. The conversion of wetland uses
resulted in the loss of nutrient buffering functions. To compensate for the farmland's nutrient load buffer
service, the government should provide arable land farmers USD$8.1 M/yr. It is theoretically feasible to
implement an ecosystem service payment system that can effectively compensate for the loss of nutrient
buffer function caused by the conversion of wetlands. The approach based on BNS we described may

also have value in other ecosystems where regulatory functions include similar mechanisms.

CkJFH: JOURNAL OF HYDROLOGY, 2018, 564: 283-293)

Freshwater lake ecosystem shift caused by social-economic transitions
in Yangtze River Basin over the past century

Ke Zhang, Xiangdong Yang, Giri Kattel,; et al.

Global lake systems have undergone rapid degradation over the past century. Scientists and managers
are struggling to manage the highly degraded lake systems to cope with escalating anthropogenic
pressures. Improved knowledge of how lakes and social systems co-evolved up to the present is vital for
understanding, modeling, and anticipating the current and future ecological status of lakes. Here, by
integrating paleoenvironmental, instrumental and historical documentary resources at multi-decadal
scales, we demonstrate how a typical shallow lake system evolved over the last century in the Yangtze
River Basin, an urbanized region containing thousands of shallow lakes. We find abrupt ecological shift
happened in the lake ecosystem around the 1970s, with the significant reorganization of macrophyte,
diatom and cladocera communities. The lake social-ecological system went through three stages as the
local society transformed from a traditional agricultural before 1950s to an urbanized and industrialized
society during the recent thirty years. The timing and interaction between social, economic and ecological
feedbacks govern the transient and long-term dynamics of the freshwater ecosystem. Our results
highlight the importance of accounting for the long-term dynamics and feedbacks between ecological,
social and economic changes when defining safe operating spaces for sustainable freshwater ecosystem
management.
CRiE: Scientific Reports, 2018, https://doi.org/10.1038/s41598-018-35482-5)

Effects of Nutrient Limitations and Watershed Inputs on Community
Respiration in a Deep, Tropical Lake: Comparison of Pelagic and Littoral
Habitats

Weisman, Alecia; Chandra, Sudeep; Rejmankova, Eliska; et al.

Community respiration and nutrient limitation are frequently studied in pelagic habitats; however,
comparisons of these processes between littoral and pelagic habitats are less common and do not exist
from mountain lake ecosystems in the tropics. Community respiration was measured in the littoral benthic
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and pelagic habitats of a deep, endorheic mountain lake in Guatemala. Community respiration rates were
quantified using biochemical oxygen demand within a temperature controlled, dark, laboratory incubation.
Community respiration was measured in the pelagic habitat in response to inorganic nitrogen,
phosphorus, nitrogen and phosphorus, glucose, five different soils, and sewage additions and in the
littoral habitat in response to inorganic nitrogen, phosphorus, nitrogen and phosphorus, and sewage
additions. During all periods, community respiration was higher and more variable in the littoral habitat
than in the pelagic habitat. The additions of nitrogen, phosphorus, and nitrogen and phosphorus had no
effect on community respiration, in either habitat. Glucose and four of the five soil additions from various
watershed vegetation types significantly stimulated community respiration in the pelagic habitat. Sewage
additions elicited the highest response in both pelagic and littoral habitats. We demonstrate that
community respiration in a tropical montane lake is not limited by inorganic nitrogen or phosphorus and is
not colimited by both nutrients combined. Treatments containing organic carbon and organic nutrients
were significant stimulators of community respiration; therefore, organic carbon is likely limiting

community respiration in Lake Atitlan.

CkJH: WATER RESOURCES RESEARCH, 2018, 54(8): 5213-5224)

Combining nutrient, productivity, and landscape-based regressions
improves predictions of lakenutrients and provides insight into
nutrient coupling at macroscales

Wagner, Tyler; Schliep, Erin M.

Empirical nutrient models that describe lake nutrient, productivity, and water clarity relationships among
lakes play a prominent role in limnology. Landscape-based regressions are also used to understand
macroscale variability of lake nutrients, clarity, and productivity (hereafter referred to as
nutrient-productivity). Predictions from both models are used to inform eutrophication management
globally. To date, these two classes of models are generally conducted separately, which ignores the
known dependencies among nutrient-productivity variables. We present a statistical model that
integrates nutrient-productivity and landscape-based regressions-where lake nutrients, productivity, and
clarity variables are modeled jointly. We fitted a joint nutrient-productivity model to over 7000 lakes with
three nutrients (total phosphorus, total nitrogen, nitrate concentrations), chlorophyll a concentrations, and
Secchi disk depth as response variables and landscape features as predictor variables. Because lakes in
different regions respond to landscape features differently, we focused our analysis on two subregions
with different dominant land uses, the agricultural Midwest and the forested Northeast U.S. Predictive
performance was enhanced by modeling nutrient-productivity variables jointly. We also found strong
evidence that nutrient-productivity variables were coupled, and that only nitrate may be decoupled from
other nutrient-productivity variables in the forested region. We speculate that these regional differences
may be related to differences in the strength of biogeochemical cycles and stoichiometric controls
between these regions. Jointly modeling nutrient-productivity variables in lakes effectively integrates the
two dominant approaches for studying lakes nutrient-productivity relationships and provides novel insight
into macroscale patterns of the coupling of nutrients, chlorophyll, and water clarity in lakes.
CRJE: LIMNOLOGY AND OCEANOGRAPHY, 2018, 63(6): 2372-2383)
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Recent ecological change in ancient lakes

Hampton, Stephanie E.; McGowan, Suzanne; Ozersky, Ted; et al.

Ancient lakes are among the best archivists of past environmental change, having experienced more
than one full glacial cycle, a wide range of climatic conditions, tectonic events, and long association with
human settlements. These lakes not only record long histories of environmental variation and human
activity in their sediments, but also harbor very high levels of biodiversity and endemism. Yet, ancient
lakes are faced with a familiar suite of anthropogenic threats, which may degrade the unusual properties
that make them especially valuable to science and society. In all ancient lakes for which data exist,
significant warming of surface waters has occurred, with a broad range of consequences. Eutrophication
threatens both native species assemblages and regional economies reliant on clean surface water,
fisheries, and tourism. Where sewage contributes nutrients and heavy metals, one can anticipate the
occurrence of less understood emerging contaminants, such as pharmaceuticals, personal care products,
and microplastics that negatively affect lake biota and water quality. Human populations continue to
increase in most of the ancient lakes' watersheds, which will exacerbate these concerns. Further, human
alterations of hydrology, including those produced through climate change, have altered lake levels.
Co-occurring with these impacts have been intentional and unintentional species introductions, altering
biodiversity. Given that the distinctive character of each ancient lake is strongly linked to age, there may
be few options to remediate losses of species or other ecosystem damage associated with modern
ecological change, heightening the imperative for understanding these systems.

CKJFE: LIMNOLOGY AND OCEANOGRAPHY, 2018, 63(5): 2277-2304)

Long-term limnological changes in the Ecuadorian paramo: Comparing
the ecological responses to climate warming of shallow waterbodies
versus deep lakes

Giles, Mark P.; Michelutti, Neal; Grooms, Christopher; et al.

1. Paramos are high-altitude ecosystems of grasslands and shrubs that sustain high levels of biodiversity
and contain numerous lakes, ponds and wetlands that are a crucial source of water for millions. In the
Andes, limnological data are rare from paramos and particularly so from shallow waterbodies that are

prominent features of the landscape.

2. Here, we analyse fossil diatom assemblages using dated sediment cores from three shallow lakes in
the paramo of southern Ecuador and document their response to recent climate changes. The two
shallowest sites were <0.5 m deep and contained nearly identical diatom assemblages, dominated by
Achnanthidium minutissimum and other benthic taxa. The deepest study site, at 4 m depth, differed
notably from its shallower counterparts in that the dominant taxa were tychoplanktonic Aulacoseira
species. All three study sites showed only minor assemblage shifts over the past similar to 200 years.
This contrasts sharply with paleolimnological data from nearby deep lakes (Z(max) > 17 m) that recorded
abrupt changes in diatom phytoplankton coincident with the onset of higher temperatures, reduced wind

speeds and the onset of thermal stratification in recent decades.

3. In temperate and high-latitude regions, an overriding factor influencing freshwater ecosystems is the
duration and extent of ice cover, which itself is closely linked to climate variables. In contrast, there is no

winter ice cover and the growing season is continuous year round in our equatorial Andean sites. Instead,
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rising temperatures are affecting deep lakes primarily by altering the physical structure of the water
column resulting in greater periods of thermal stratification, which in turn drives changes in biota and
other lake processes. However, this mechanism of change only affects deep lakes because shallow

waterbodies are easily mixed by wind.

4. Our data demonstrate the differential response of large, deep lakes in the paramo compared to the
relative complacency of changes in shallow waterbodies, which is in marked contrast to similar sites
affected by seasonal ice cover.

CRJ&: FRESHWATER BIOLOGY, 2018, 63(10): 1316-1325)

Assimilation of ancient organic carbon by zooplankton in Tibetan
Plateau lakes is depending on watershed characteristics

Su, Y.; Hu, E.; Liu, Z.; et al.

Ancient (i.e., radiocarbon depleted) organic carbon (OC) is exported from ice sheet, glacier, and
permafrost systems and may be buried, respired, or assimilated in downstream aquatic systems. Few
studies have explored the potential use of this ancient OC in lake food webs. We combined natural
abundance radiocarbon and stable carbon isotope data (Delta C-14 and delta C-13) to study ancient OC
utilization by zooplankton in six lakes covering a large climate gradient on the central and peripheral
Tibetan Plateau. A depleted Delta C-14 signature of dissolved and particulate OC was found in the
inflowing streams and lakes, ranging from - 49 parts per thousand to - 569 parts per thousand,
corresponding to radiocarbon ages between 403 yr and 6757 yr. The Delta C-14 values for zooplankton
in the lakes ranged from - 45 parts per thousand to - 264 parts per thousand, reflecting that zooplankton
obtain C-14-depleted signatures through assimilation of ancient OC and/or indirectly through
consumption of phytoplankton or aquatic plant utilizing C-14-depleted inorganic carbon. Moreover,
ancient OC from inflowing streams contributed more to zooplankton diets in the temperate glacier area
than in the cold glacier area. Assimilation of ancient OC by zooplankton in lakes is not only affected by
drainage basin characteristics, such as the recharge coefficient of the lake, but also by the
biogeochemical properties of OC. Use of ancient OC by zooplankton in high-altitude lakes may constitute
an important link between the contemporary aquatic food webs and the glaciated watersheds. Our
findings have important implications for the contribution of ancient carbon to the modern lake food webs

of high-altitude and polar lakes.

CkJE: LIMNOLOGY AND OCEANOGRAPHY, 2018, 63(6): 2359-2371)

Fish-mediated plankton responses to increased temperature in
subtropical aquatic mesocosm ecosystems: Implications for lake
management

He, Hu; Jin, Hui; Jeppesen, Erik; et al.

Although it is well established that climate warming can reinforce eutrophication in shallow lakes by
altering top-down and bottom-up processes in the food web and biogeochemical cycling, recent studies

in temperate zones have also shown that adverse effects of rising temperature are diminished in fishless

systems. Whereas the removal of zooplanktivorous fish may be useful in attempts to mitigate
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eutrophication in temperate shallow lakes, it is uncertain whether similar mitigation might be achieved in
warmer climates. We compared the responses of zooplankton and phytoplankton communities to climate
warming in the presence and absence of fish (Aristichthys nobilis) in a 4-month mesocosm experiment at
subtropical temperatures. We hypothesized that 1) fish and phytoplankton would benefit from warming,
while zooplankton would suffer in fish-present mesocosms and 2) warming would favor zooplankton
growth but reduce phytoplankton biomass in fish-absent mesocosms. Our results showed significant
interacting effects of warming and fish presence on both phytoplankton and zooplankton. In mesocosms
with fish, biomasses of fish and phytoplankton increased in heated treatments, while biomasses of
Daphnia and total zooplankton declined. Warming reduced the proportion of large Daphnia in total
zooplankton biomass, and reduced the zooplankton to phytoplankton biomass ratio, but increased the
ratio of chlorophyll a to total phosphorus, indicating a relaxation of zooplankton grazing pressure on
phytoplankton. Meanwhile, warming resulted in a 3-fold increase in TP concentrations in the mesocosms
with fish present. The results suggest that climate warming has the potential to boost eutrophication in
shallow lakes via both top-down (loss of herbivores) and bottom-up (elevated nutrient) effects. However,
in the mesocosms without fish, there was no decline in large Daphnia or in total zooplankton biomass,
supporting the conclusion that fish predation is the major driver of low large Daphnia abundance in warm
lakes. In the fishless mesocosms, phytoplankton biomass and nutrient levels were not affected by
temperature. Our study suggests that removing fish to mitigate warming effects on eutrophication may be
potentially beneficial in subtropical lakes, though the rapid recruitment of fish in such lakes may present a
challenge to success in the long-term.
CRiE: WATER RESEARCH, 2018, 144: 304-311)

Variability in mean size of phytoplankton in two floodplain lakes of
different climatic regions

latskiu, Patricia; Bovo-Scomparin, Vania Mara; Segovia, Bianca Trevizan; et al.

Phytoplankton size has an important functional role in ecosystem processes, such as nutrient production
and cycling. It has been suggested that warmer temperatures may favor the smaller organisms in
biological communities. We evaluate the mean size of the phytoplankton organisms and apply a
morphology-based functional groups (MBFG) approach. We use time series of two floodplain lakes that
present mean annual temperature difference of 10A degrees C and similar hydrodynamic, area, and
mean depth. We expected that a smaller mean size of MBFGs would be associated with higher
temperatures. The Akaike Information Criterion was used to investigate environmental factors predicting
the mean size of MBFGs within each lake. The mean size was most associated to nutrients and
dissolved oxygen in the subtropical lake, and to temperature in the temperate lake. Large filaments with
aerotopes and the small flagellated with siliceous exoskeletal structures showed high mean size at higher
temperatures, thus contradicting temperature-size rules. Probably the high variability of mean size was
provided by the high variability observed around environmental factors. Our findings reveal that other
functional traits may be associated with the phytoplankters mean size, which result in adaptation to high
variability of various environmental factors.
CRiE: HYDROBIOLOGIA, 2018, 823(1): 135-151)
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Chironomid incorporation of methane-derived carbon in plankton- and
macrophyte-dominated habitats in a large shallow lake

Agasild, Helen; Kisand, Anu; Ainelo, Epp; et al.

1. While C-13-depleted carbon derived from biogenic methane can substantially contribute to the benthic
secondary production in deep stratified lakes, its role in shallow lakes is less clear. We investigated the
dynamics of delta C-13 and delta N-15 in the larvae of Chironomus plumosus throughout an annual cycle
in two ecologically distinct basins (open-water plankton-dominated and sheltered macrophyte-covered)
of a large (270 km(2)), shallow, polymictic and eutrophic lake (Vortsjarv, Estonia, North Europe). The
larval stable isotopic compositions were linked to the presence of methane-oxidising bacteria (MOB) in

larval guts and sediments.

2. Molecular detection of MOB revealed their presence in various sediment types, but stable isotope (SI)
analysis revealed clear differences in the feeding of chironomid larvae between the plankton-and
macrophyte-dominated habitats.

3. In the plankton-dominated habitat, the mean delta C-13 values of larvae remained relatively constant
(-38.3% to -35.5%) and corresponded closely to the sediment delta C-13 values. Mean delta C-13 values
of chironomid larvae were generally lower in macrophyte-dominated habitats (-43.4% to -33.0%), and
both seasonal and individual variation in larval delta C-13 values were more pronounced. MOB presence
in larval guts proved a dietary contribution from biogenic methane in macrophyte-dominated habitats.
Both the SI and molecular results indicated that MOB could help support larvae even during the cold

temperature-limited and ice-covered periods.

4. Our study indicates that methane-derived carbon makes a low but steady contribution to the larval
chironomids throughout an annual cycle in large shallow Vortsjarv. However, this contribution can be
substantially higher in the lake habitats with abundant macrophytes. The study provides further evidence
that a carbon flow pathway from biogenic methane can contribute to the benthic food web under variable
habitat conditions in a shallow polymictic lake.

CkJi: FRESHWATER BIOLOGY, 2018, 63(11): 1433-1445)

Should we plant macrophytes? Restored habitat use by the fish
community of Lake Apopka, Florida

Slagle, Zak J.; Allen, Micheal S.

Should we plant macrophytes? Restored habitat use by the fish community of Lake Apopka, Florida.
Lake Reserv Manage. 00:00-00.Freshwater resources are impaired worldwide, and managers frequently
use habitat restoration to mitigate anthropogenic disturbances to freshwater systems. Restoration
attempts have not often been evaluated with respect to their benefits to the sportfish population,
especially in lentic systems. Recent restoration techniques at Lake Apopka, Florida, have included
planting of macrophytes, particularly spatterdock (Nuphar advena), to increase fish habitat, stabilize
sediments, and sequester nutrients. We assessed fish community habitat use of recently restored habitat
with comparison to both unrestored (non-vegetated) and natural vegetated littoral habitats. We compared
relative abundance and species richness of the fish community across habitat treatments. We
electrofished >30 transects in each of these 3 habitat treatments (i.e., natural, planted, and unrestored),
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collecting relative abundance data for all fishes and habitat data including vegetation species and percent
area coverage (PAC). Natural and planted habitat held greater PAC of vegetation than unrestored sites.
Natural habitat supported the greatest relative abundance (as indexed by catch per unit effort) and the
greatest species richness of fishes, while planted habitats and unrestored habitats supported fewer
relative numbers and lower richness. Planted habitats are being utilized by the fish community, but were
not significantly different from unrestored sites. Increased diversity of macrophytes in planted habitats
could increase the benefits for these populations. Managers should consider continued monitoring and

evaluation of planted sites to increase our understanding of the benefits of habitat restoration.

CkJE: LAKE AND RESERVOIR MANAGEMENT, 2018, 34(3): 296-305)

Within versus between-lake variability of sedimentary diatoms: the
role of sampling effort in capturing assemblage composition in
environmentally heterogeneous shallow lakes

Hassan, Gabriela S.

The effect of within-lake diatom assemblages variability on sample representativity and its subsequent
impact on between-lake comparisons were addressed in three environmentally heterogeneous shallow
lakes from the Argentinean Pampas. Surface sediment samples were collected from the open waters and
the highly vegetated littoral areas on a seasonal basis and analyzed for diatom assemblages composition.
Within-lake variability was assessed by comparing the Bray Curtis distances between original data and
the Monte Carlo-simulated average assemblages composition through non-metric multidimensional
scaling (NMDS). Diatom assemblages showed a high variability in composition, evidencing large
dispersions of samples around the centroid in NMDS plots. Permutational multivariate analysis of
variance tests signaled significant differences in average composition between the three lakes, related
mainly to their differences in conductivity and depth. Representativity of original samples was assessed
through principal coordinates analyses ordinations of the three lakes, being samples lying in the
overlapping areas of the plot classified as poor representatives of between-lake differences. Several
samples, both from littoral and open waters, were classified as poor representatives through this method.
Simulation allowed us to evaluate the effect of sample replication on improving between-lake
comparisons, and showed that collecting two littoral and two open-water samples allowed us to faithfully
capture differences in average composition among the three lakes. Hence, the results suggest that using
a single sample to estimate diatom assemblages composition in these lakes should be avoided, as it fails
to capture between-lake differences, leading to biases in compositional comparisons among lakes and
regions. Consequently, including multiple samples from each lake when constructing calibration sets
would be the best option to obtain reliable paleoenvironmental reconstructions from single sediment

cores in these environmentally heterogeneous shallow lakes.

CkJE: JOURNAL OF PALEOLIMNOLOGY, 2018, 60(4): 525-541)

A European Multi Lake Survey dataset of environmental variables,
phytoplankton pigments and cyanotoxins

Evanthia Mantzouki, James Campbell, Emiel van Loon; et al.

Under ongoing climate change and increasing anthropogenic activity, which continuously challenge
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ecosystem resilience, an in-depth understanding of ecological processes is urgently needed. Lakes, as
providers of numerous ecosystem services, face multiple stressors that threaten their functioning.
Harmful cyanobacterial blooms are a persistent problem resulting from nutrient pollution and
climate-change induced stressors, like poor transparency, increased water temperature and enhanced
stratification. Consistency in data collection and analysis methods is necessary to achieve fully
comparable datasets and for statistical validity, avoiding issues linked to disparate data sources. The
European Multi Lake Survey (EMLS) in summer 2015 was an initiative among scientists from 27
countries to collect and analyse lake physical, chemical and biological variables in a fully standardized
manner. This database includes in-situ lake variables along with nutrient, pigment and cyanotoxin data of
369 lakes in Europe, which were centrally analysed in dedicated laboratories. Publishing the EMLS
methods and dataset might inspire similar initiatives to study across large geographic areas that will
contribute to better understanding lake responses in a changing environment.

(k& Scientific Data, 2018, 5, https://doi.org/10.1038/sdata.2018.226)

Genome-scale fitness profile of Caulobacter crescentus grown in
natural freshwater

Kristy L. Hentchel, Leila M. Reyes Ruiz, Patrick D. Curtis,; et al.

Bacterial genomes evolve in complex ecosystems and are best understood in this natural context, but
replicating such conditions in the lab is challenging. We used transposon sequencing to define the fitness
consequences of gene disruption in the bacterium Caulobacter crescentus grown in natural freshwater,
compared with axenic growth in common laboratory media. Gene disruptions in amino-acid and
nucleotide sugar biosynthesis pathways and in metabolic substrate transport machinery impaired fitness
in both lake water and defined minimal medium relative to complex peptone broth. Fitness in lake water
was enhanced by insertions in genes required for flagellum biosynthesis and reduced by insertions in
genes involved in biosynthesis of the holdfast surface adhesin. We further uncovered numerous
hypothetical and uncharacterized genes for which disruption impaired fithess in lake water, defined
minimal medium, or both. At the genome scale, the fitness profile of mutants cultivated in lake water was
more similar to that in complex peptone broth than in defined minimal medium. Microfiltration of lake
water did not significantly affect the terminal cell density or the fitness profile of the transposon mutant
pool, suggesting that Caulobacter does not strongly interact with other microbes in this ecosystem on the
measured timescale. Fitness of select mutants with defects in cell surface biosynthesis and
environmental sensing were significantly more variable across days in lake water than in defined medium,
presumably owing to day-to-day heterogeneity in the lake environment. This study reveals genetic
interactions between Caulobacter and a natural freshwater environment, and provides a new avenue to
study gene function in complex ecosystems.
CRiE: The ISME Journal, 2018, https://doi.org/10.1038/s41396-018-0295-6)
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