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Mapping the World’s Free-Flowing Rivers

G. Grill, B. Lehner, M. Thieme; et al.

Free-flowing rivers (FFRs) support diverse, complex and dynamic ecosystems globally, providing
important societal and economic services. Infrastructure development threatens the ecosystem
processes, biodiversity and services that these rivers support. Here we assess the connectivity status of
12 million kilometres of rivers globally and identify those that remain free-flowing in their entire length.
Only 37 per cent of rivers longer than 1,000 kilometres remain free-flowing over their entire length and 23
per cent flow uninterrupted to the ocean. Very long FFRs are largely restricted to remote regions of the
Arctic and of the Amazon and Congo basins. In densely populated areas only few very long rivers remain
free-flowing, such as the Irrawaddy and Salween. Dams and reservoirs and their up- and downstream
propagation of fragmentation and flow regulation are the leading contributors to the loss of river
connectivity. By applying a new method to quantify riverine connectivity and map FFRs, we provide a

foundation for concerted global and national strategies to maintain or restore them.

CKJH: Nature, 2019, DOI:10.1038/s41586-019-1111-9 )
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Methane Sources in the Waters of Lake Michigan and Lake Superior as
Revealed by Natural Radiocarbon Measurements

DongJoo Joung, Mihai Leonte, John D. Kessler.

The methane dynamics in the waters of Lakes Michigan and Superior, components of the North
American Great Lake system, were investigated using measurements of methane concentration and
natural radiocarbon (**C - CHa) dissolved in these lake waters. All **C - CH4 measurements were above
modern levels regardless of location and depth with a range of 117 - 145% modern carbon (pMC).
Methane concentrations in the deep basin of both lakes were low, ranging from 3.3 to 4.3 nM, with
minimal vertical variation. However, the concentrations of CH4 increased toward coastal areas in both
lakes, possibly due to higher groundwater inputs and aerobic methanogenesis associated with primary
productivity. Except for one site, 1C - CHa dissolved in the waters of Lake Michigan was greater than in
Lake Superior by ~12 pMC, a difference that was likely due to inputs of excess *CHa from nuclear power
plants along the coast of Lake Michigan.

CkJH: Geophys. Res. Lett., 2019,46(10):5436-5444)

Hydrological and Ecological Controls on Autochthonous Carbonate
Deposition in Lake Systems: A Case Study From Lake Wuliangsu and the
Global Perspective

Dayang Sun, Yuxin He, Jinglu Wu; et al.

Based on ~150-year of sedimentary records, we identify that autochthonous carbonate deposition in
Lake Wuliangsu, in the upper reaches of the Yellow River, was independent of both hydrological and
ecological variations before 1965, influenced by hydrological changes due to agricultural activities during
1965-1990, and slightly impacted by higher productivity under the eutrophication process after 1990. By
comparing with data from lakes across the globe, we find that lake size and lake stratification control the
contribution of recycled organic carbon to autochthonous carbonate deposition. Continuous mixing and
aeration in shallow lakes facilitate the transformation of organic carbon into 29-45% of sedimentary
carbonate, different from large and deep lakes (2-25%). Organic carbon recycling in lakes remains
generally stable or decreases under the pressure of lake eutrophication, requiring further investigations

on whether more organic carbon will be buried in the carbonate form.

CkJH: Geophys. Res. Lett., 2019, https://doi.org/10.1029/2019GL082224)

NIRS quantification of lake sediment composition by multiple
regression using end-member spectra

Russell, Fiona E.; Boyle, John F.; Chiverrell, Richard C.

Here we develop a novel method for quantifying sediment components, e.g. biogenic silica, organic or

mineral matter, from near infrared (NIR) spectra based on fitting by multiple regression of measured

spectra for end-member materials. We show that with suitable end-members our new open-source

multiple regression routine gives excellent simultaneous quantification of the major components of a
4
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sediment, the concentrations comparing well with independent methods of quantification. Widely used
partial least squares regression approaches rely on large environmental training data sets; our method
produces comparable results, but with the advantages of negating the need for a training dataset and
with greater simplicity and theoretical robustness. We demonstrate that component NIR spectra are
additive, a prerequisite for use of multiple regression to un-mix the compound spectra, and show that a
number of environmental materials make suitable end-members for this analysis. We show that spectral
mixing is not conservative with respect to mass proportion, but rather to the relative chromatic intensity of
contributing sediment components. Concentrations can be calculated using the measured spectra by
correction using a chromatic intensity factor, the value of which can be measured independently. We
have applied our approach to a postglacial sediment sequence from Loch Grannoch (SW Scotland) and
reveal a down-core pattern of varying dominance by biogenic silica, organic and mineral content from the
late glacial to present. With isolation and measurement of appropriate end-members this multivariate
regression approach to interrogating NIR spectra has utility across a wide range of sedimentary
environments and potentially for other spectral analytical methods.

CKJH: JOURNAL OF PALEOLIMNOLOGY, 2019, 62(1):73-88)

Historical Black Carbon Reconstruction from the Lake Sediments of the
Himalayan-Tibetan Plateau

Neupane, Bigyan; Kang, Shichang; Chen, Pengfei; et al.

Black carbon (BC) is one of the major drivers of climate change, and its measurement in different
environment is crucial for the better understanding of long-term trends in the Himalayan-Tibetan Plateau
(HTP) as climate warming has intensified in the region. We present the measurement of BC
concentration from six lake sediments in the HTP to reconstruct historical BC deposition since the
pre-industrial era. Our results show an increasing trend of BC concurrent with increased anthropogenic
emission patterns after the commencement of the industrialization era during the 1950s. Also,
sedimentation rates and glacier melt strengthening influenced the total input of BC into the lake. Source
identification, based on the char and soot composition of BC, suggests biomass-burning emissions as a
major contributor to BC, which is further corroborated by open-fire occurrence events in the region. The
increasing BC trend continues to recent years, indicating increasing BC emissions, mainly from South
Asia.
CRJi: ENVIRONMENTAL SCIENCE & TECHNOLOGY, 2019, 53(10):5641-5651)

Triple oxygen isotope signatures of evaporation in lake waters and
carbonates: A case study from the western United States

Benjamin H. Passey, Haoyuan Ji.

Evaporation can increase the 880 values of lake waters and carbonates by several per mil. If not
accounted for in geological studies, this can lead to substantial misinterpretation of 8 180 values in terms
of paleoclimate and paleoelevation. Evaporation also leads to a lowering in residual waters of A170, a
measure of the departure of 8170 from a characteristic relationship with & “80. We present new triple
oxygen isotope data from waters and carbonates from lakes and their source rivers in the western United
States (Bear Lake, Great Salt Lake, Lake Tahoe, Mono Lake, and Pyramid Lake). Consistent with
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predictions from steady-state isotopic mass balance models, the data illustrate marked lowering of A170
n closed basin lakes and freshwater lakes relative to their source rivers. The evaporation slope in triple
oxygen isotope space ( A iake) is similar for these lakes, averaging 0.5229 and ranging between 0.5219
and 0.5239. Moreover, models and data both show that the evaporation slope correlates with A 170,
meaning that the slope can be estimated on the basis of the measured A 7O value of the carbonate. We
show how triple oxygen isotopes in lake waters and carbonates and ‘clumped isotopes’ (A 47) in
carbonates can be combined to reconstruct the 80 values of primary (unevaporated) catchment
precipitation ( 8 8Orucp). We use our lacustrine carbonate data as a test case for this approach, and find
that & 80w values closely approximate independently-measured & 20 values of catchment
precipitation. However, the & 80w values are consistently higher than & O of catchment
precipitation by ~2%., which may reflect present incomplete understanding of a number of triple oxygen
isotope parameters used in the calculation, such as the fractionation exponent for carbonate-water
equilibrium, the evaporation slope X jake, and the A17O values of unevaporated meteoric waters. In
conclusion, triple oxygen isotope analysis of lake waters and lacustrine carbonates is a promising hew
method for studying evaporation in fossil lake systems, but will benefit from additional research into triple
oxygen isotope systematics relevant to meteoric waters, lake systems, and carbonate-water

fractionation.

CKJ&: Earth and Planetary Science Letters, 2019, 518:1-12)

Variable responses of dissolved organic carbon to precipitation events
in boreal drinking water lakes

Warner, Kate A.; Saros, Jasmine E.

In boreal regions, increased concentrations of dissolved organic carbon (DOC) have been linked to
extreme wet years; however, less is known about the extent to which precipitation events are altering
DOC concentration and quality. We assessed the effects of rain events on a suite of six lakes in Maine,
U.S.A,, to better understand how events alter DOC quantity and quality. DOC concentrations and DOC
quality (measured as DOC-specific absorption coefficients (Specific Ultraviolet Absorbance (SUVA(254)
(also a(254)*). a(320)*, and a(380)*)) were quantified 24 h before, and at three time points (24-48 h, 5-7
days, and 3 weeks) after five different precipitation events. Our results revealed three types of responses
across the lakes: (1) an initial spike in DOC concentrations of 30-133% and in the three quality metrics of
20-86% compared to pre-storm levels, followed by return to pre-storm concentrations; (2) a sustained
increase in DOC concentrations (by 4-23%) and an increase in the three DOC quality metrics (by 1-43%)
through the second post-storm sampling, with concentrations falling by the third post-storm sampling
compared to pre-storm levels; and (3) no change during all sampling periods. Lake residence time was a
key driver of changes in DOC concentration and DOC quality in response to storm events. Our research
provides evidence that precipitation events contribute to short-term abrupt changes in DOC quantity and
quality that are largely driven by key landscape and lake characteristics. These changes in DOC may
have important implications for management of water utilities, including alteration or implementation of

treatment strategies.

CkJH: WATER RESEARCH, 2019, 156:315-326)
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Contrasting arsenic cycling in strongly and weakly stratified
contaminated lakes: Evidence for temperature control on
sediment-water arsenic fluxes

Barrett, P. M.; Hull, E. A.; Burkart, K.; et al.

Arsenic contamination of lakebed sediments is widespread due to a range of human activities, including
herbicide application, waste disposal, mining, and smelter operations. The threat to aquatic ecosystems
and human health is dependent on the degree of mobilization from sediments into overlying water
columns and exposure of aquatic organisms. We undertook a mechanistic investigation of arsenic
cycling in two impacted lakes within the Puget Sound region, a shallow weakly stratified lake and a deep
seasonally stratified lake, with similar levels of lakebed arsenic contamination. We found that the
processes that cycle arsenic between sediments and the water column differed greatly in shallow and
deep lakes. In the shallow lake, seasonal temperature increases at the lakebed surface resulted in high
porewater arsenic concentrations that drove larger diffusive fluxes of arsenic across the sediment-water
interface compared to the deep, stratified lake where the lakebed remained similar to 10 degrees C
cooler. Plankton in the shallow lake accumulated up to an order of magnitude more arsenic than plankton
in the deep lake due to elevated aqueous arsenic concentrations in oxygenated waters and low
phosphate : arsenate ratios in the shallow lake. As a result, strong arsenic mobilization from sediments in
the shallow lake was countered by large arsenic sedimentation rates out of the water column driven by

plankton settling.

CkJE: LIMNOLOGY AND OCEANOGRAPHY, 2019, 64(3):1333-1346)

Total phosphorus-precipitation and Chlorophyll a-phosphorus
relationships of lakes and reservoirs mediated by soil iron at regional
scale

Tang, Quehui; Peng, Liang; Yang, Yang.

Phosphorus is a critical element determining trophic status and Chlorophyll a (Chl a) level in natural lakes
and reservoirs, and total phosphorus (TP) concentrations can be predicted from data on phosphorus
loading, hydraulic flushing rate and sedimentation. Due to their interactions with phosphorus, iron (hydr)
oxides in suspended particles, originally derived from watershed soil, can strongly influence the
phosphorus sedimentation and phosphorus bioavailability in water columns. Thus, the TP-precipitation
relationship and the response of Chl a to TP are likely associated with watersheds soil iron. To test this
assumption, we built hierarchical linear models for summer observation of natural lakes and reservoirs
across a large geographic gradient. The intercepts and slopes of TP-precipitation relationships are higher
in natural lakes than those in reservoirs, and these model coefficients exhibit latitudinal variations that are
explained by the natural soil iron gradient. Soil iron, operating at a regional level, significantly mediates
the effect of precipitation on TP concentration in both natural lakes and reservoirs, and drives the
latitudinal variation in the Chl a-TP relationships for reservoirs. Our results imply that the increase in
extreme precipitation events anticipated under future climate conditions may substantially mitigate
eutrophication in tropical and subtropical reservoirs, but may worsen conditions in temperate lakes.

CkJH: WATER RESEARCH, 2019, 154:136-143)
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Effects of trophic status, water level, and temperature on shallow lake
metabolism and metabolic balance: A standardized pan-European
mesocosm experiment

Scharfenberger, Ulrike; Jeppesen, Erik; Beklioglu, Meryem; et al.

Important drivers of gross primary production (GPP) and ecosystem respiration (ER) in lakes are
temperature, nutrients, and light availability, which are predicted to be affected by climate change. Little
is known about how these three factors jointly influence shallow lakes metabolism and metabolic status
as net heterotrophic or autotrophic. We conducted a pan-European standardized mesocosm experiment
covering a temperature gradient from Sweden to Greece to test the differential temperature sensitivity of
GPP and ER at two nutrient levels (mesotrophic or eutrophic) crossed with two water levels (1 m and 2 m)
to simulate different light regimes. The findings from our experiment were compared with predictions
made according the metabolic theory of ecology (MTE). GPP and ER were significantly higher in
eutrophic mesocosms than in mesotrophic ones, and in shallow mesocosms compared to deep ones,
while nutrient status and depth did not interact. The estimated temperature gains for ER of similar to 0.62
eV were comparable with those predicted by MTE. Temperature sensitivity for GPP was slightly higher
than expected similar to 0.54 eV, but when corrected for daylight length, it was more consistent with
predictions from MTE similar to 0.31 eV. The threshold temperature for the switch from autotrophy to
heterotrophy was lower under mesotrophic (similar to 11 degrees C) than eutrophic conditions (similar to
20 degrees C). Therefore, despite a lack of significant temperature-treatment interactions in driving
metabolism, the mesocosm's nutrient level proved to be crucial for how much warming a system can

tolerate before it switches from net autotrophy to net heterotrophy.

CRJH: LIMNOLOGY AND OCEANOGRAPHY, 2019, 64(2):616-631)

Sediment nutrients, ecological status and restoration of lakes

Horppila, Jukka.

Phosphorus (P) is the main nutrient that causes eutrophication in fresh waters. The majority of P in lake
ecosystems is usually stored in the bottom sediment, hence P cycling from the sediment into the water
column can significantly and negatively impact water quality. However, sediment nutrients are not taken
into account, for instance, in the ecological status assessment determined by the European Water
Framework Directive. This encourages lake managers to improve the water quality at the expense of the
sediment; for example, chemical inactivation of P has been applied to the sediment in numerous lakes for
rapid water quality improvement. While this may generate immediate results, inactivation of sediment P
may in fact delay the long-term recovery of lake ecosystems and inhibit the re-use of nutrients. In some
specific cases, these rapid restoration efforts that compromise sediment quality are justified.
Nevertheless, we should aim for a general strategy that can promote permanent recovery of lake
ecosystems - including their sediments. The support for such restoration activities may be difficult to find,
since the tangible outcome is realized only after long periods of time.
CkJH: WATER RESEARCH, 2019, 160: 206-208)
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The wind-driven formation of cross-shelf sediment plumes in a large
lake

McKinney, Paul; Austin, Jay; Fai, Gills; et al.

Wind-driven turbidity plumes frequently occur in the western arm of Lake Superior and may represent a
significant cross-shelf transport mechanism for sediment, nutrient, and biota. Here, we characterize a
plume that formed in late April 2016 using observations from in situ sensors and remote sensing imagery,
and estimate the volume of cross-shelf transport using both the observations and an idealized analytical
model of plume formation. The steady-state, barotropic model is used to determine a relationship
between the intensity and duration of a wind event and the volume of water transported from nearshore
to offshore during the event. The model transport is the result of nearshore flow in the direction of the
wind and a pressure-gradient-driven counter flow in the deeper offshore waters, consistent with
observations. The volume of offshore transport associated with the 2016 plume is estimated by both
methods to have been on the order of 10(10) m(3). Analysis of similar events from 2008 to 2016 shows a
strong relationship between specific wind impulse and plume volume. Differences in the intensity and
duration of individual events as well as ice cover, which prevents plume formation, lead to interannual
variability of offshore transport ranging over an order of magnitude and illustrates how wind-driven
processes may contribute to interannual variability of ecosystem functioning.

CR¥E: LIMNOLOGY AND OCEANOGRAPHY, 2019, 64(3):1309-1322)

Potential anthropogenic regime shifts in three freshwater lakes in
Tropical East Asia

Bannister, Wayne; McGowan, Suzanne; Santos-Borja, Adelina C.; et al.

Regime shifts in ecology are characterised by major, often abrupt changes in ecosystem structure and
functioning in response to one or more driving variables, or pressures. Changes in the provision of
ecosystem services are a potential outcome. Despite the current combination of rapidly increasing
pressures on what are often highly important socio-ecological systems, the resilience of lakes in the
warm tropics to human perturbation is far less well understood than those at higher latitudes. This paper
focuses on evidence of aquatic ecosystem change from a cluster of three deep, freshwater, volcanic
crater lakes (Yambo, Mohicap, and Sampaloc) at low altitude on the island of Luzon, Philippines. The
lakes support different intensities of aquaculture, an important livelihood but also a driver of poor water
quality throughout tropical Asia. Measured and monitored climate and water quality data, in addition to
sedimentary evidence from sediment cores collected from the three study lakes, were used to determine
the magnitude and trajectory of changes in lake water quality. Sediment cores were radiometrically dated
and analysed for organic matter, spheroidal carbonaceous particles, and diatom remains. Diatom data
were zoned numerically using cluster analysis. Diatom remains were also used to infer past variations in
pH and possible relationships between potential driving climatic variables (temperature and rainfall).
Diatom data sets were explored using detrended component analysis and principle component analysis.
Despite differences in intensity of aquaculture, a common trajectory and timing of a potential regime shift,
characterised by a replacement of benthic with planktonic diatoms and an increase in diatom
accumulation rates from the early to mid-1980s, is evident, and attests a low threshold for disturbance
effects. A predominantly planktonic diatom flora has persisted even after recent improvements in
environmental quality. The potential new regime may be less resilient and more susceptible to harmful
9
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algal blooms, abrupt expansions of anoxic conditions, and periodic mass fish kills when compared with
its former state. The research further highlights the sensitivity of freshwater ecosystems in the warm
tropics to disturbance pressures, and the risks to livelihoods, ecosystem services, and sustainable
development.

CRJi: FRESHWATER BIOLOGY, 2019, 64(4):708-722)

Mountain lakes: Eyes on global environmental change

Moser, K.A., Baron, J.S., Brahney, J.; et al.

Mountain lakes are often situated in protected natural areas, a feature that leads to their role as sentinels
of global environmental change. Despite variations in latitude, mountain lakes share many features,
including their location in catchments with steep topographic gradients, cold temperatures, high incident
solar and ultraviolet radiation (UVR), and prolonged ice and snow cover. These characteristics, in turn,
affect mountain lake ecosystem structure, diversity, and productivity. The lakes themselves are mostly
small, and up until recently, have been characterized as oligotrophic. This paper provides a review and
update of the growing body of research that shows that sediments in remote mountain lakes archive
regional and global environmental changes, including those linked to climate change, altered
biogeochemical cycles, and changes in dust composition and deposition, atmospheric fertilization, and
biological manipulations. These archives provide an important record of global environmental change
that pre-dates typical monitoring windows. Paleolimnological research at strategically selected lakes has
increased our knowledge of interactions among multiple stressors and their synergistic effects on lake
systems. Lakes from transects across steep climate (i.e., temperature and effective moisture) gradients
in mountain regions show how environmental change alters lakes in close proximity, but at differing
climate starting points. Such research in particular highlights the impacts of melting glaciers on mountain
lakes. The addition of new proxies, including DNA-based techniques and advanced stable isotopic
analyses, provides a gateway to addressing novel research questions about global environmental
change. Recent advances in remote sensing and continuous, high-frequency, limnological
measurements will improve spatial and temporal resolution and help to add records to spatial gaps
including tropical and southern latitudes. Mountain lake records provide a unique opportunity for global

scale assessments that provide knowledge necessary to protect the Earth system.

(K5 Global and Planetary Change, 2019, 178:77-95)

Spatio-temporal impacts of meteorological and geographic factors on
the availability of nitrogen and phosphorus to algae in Chinese lakes

Huo, Shouliang; He, Zhuoshi; Ma, Chunzi; et al.

Designing effective management strategies for lake ecosystems requires an understanding of regional
differences, interannual variability, and other drivers affecting the availability of nutrients to algae. In this
study, generalized additive models (GAMs) based on meteorological factors and geographic location
were developed to quantitatively estimate the availability of nutrients to algae (as represented by the ratio
of Chlorophyll a (Chl a) to total phosphorus (TP) or total nitrogen (TN)) across 167 Chinese freshwater
lakes and reservoirs. This model was then used to produce the first spatial and temporal estimates of Chl
a/TP and Chl a/TN within mainland China from 1987 to 2016. The results revealed high spatial variability

10
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driven primarily by geographic location, which explained 58.86% of the observed variability in Chl a/TP
(41.98% in Chl a/TN). In addition, high interannual variability was driven by annual average temperature
for both Chl a/TP and Chl a/TN. These results point to a fundamental challenge in managing regions with
high nutrient levels, because these regions also tend to exhibit the strongest interannual variability, such
that the impact of changes in management practices will be modulated by meteorological variability. In
addition, this study provides regionalization indicators that serve as a quantitative foundation for
formulating nutrient ecoregions to better administer lakes and reservoirs in China. It is therefore
imperative that models combining meteorological factors with geographic location are further developed

to improve the simulation of spatio-temporal variability in the availability of nutrients to algae.

Ck¥E: JOURNAL OF HYDROLOGY, 2019, 572:380-387)

Extreme Lake Level Changes on the Tibetan Plateau Associated With
the 2015/2016 El Nifio

Yanbin Lei, Yali Zhu, Bin Wang; et al.

Although the impact of El Nifio—Southern Oscillation on the Tibetan Plateau (TP) is reflected through
stable isotopes of precipitation and ice cores, the hydroclimate response of TP lakes to El Nifio—Southern
Oscillation is seldom investigated. Here we show that significant lake water deficit occurred on the central
TP (CTP) due to a dramatic decrease in precipitation 2016 EI Ni/2016 El Nifio event, followed by extreme
lake water surplus in 2016 and 2017 over most of the TP (except the eastern CTP). Similar but weaker
lake shrinkage and afterward expansion can also be found during historical El Nifio events. Further
exploration reveals that the CTP dry anomaly during El Nifio events tends to bridge the dry anomalies
over India and northern China, thereby forming a dry zone along the northwestern edge of the Asian

monsoon domain. This study may shed light on the prediction of lake level changes on the TP.

(k¥5: Geophys. Res. Lett., 2019, 46(11): 5889-5898)

Winter Precipitation and Summer Temperature Predict Lake water
Quality at Macroscales

Collins, S. M.; Yuan, S.; Tan, P. N.; et al.

Climate change can have strong effects on aquatic ecosystems, including disrupting nutrient cycling and
mediating processes that affect primary production. Past studies have been conducted mostly on
individual or small groups of ecosystems, making it challenging to predict how future climate change will
affect water quality at broad scales. We used a subcontinental-scale database to address three
objectives: (1) identify which climate metrics best predict lake water quality, (2) examine whether climate
influences different nutrient and productivity measures similarly, and (3) quantify the potential effects of a
changing climate on lakes. We used climate data to predict lake water quality in similar to 11,000 north
temperate lakes across 17 U.S. states. We developed a novel machine learning method that jointly
models different measures of water quality using 48 climate metrics and accounts for properties inherent
in macroscale data (e.g., spatial autocorrelation). Our results suggest that climate metrics related to
winter precipitation and summer temperature were strong predictors of lake nutrients and productivity.
However, we found variation in the magnitude and direction of the relationship between climate and
water quality. We predict that a likely future climate change scenario of warmer summer temperatures
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will lead to increased nutrient concentrations and algal biomass across lakes (median similar to 3%-9%

increase), whereas increased winter precipitation will have highly variable effects. Our results emphasize
the importance of heterogeneity in the response of individual ecosystems to climate and are a caution to

extrapolating relationships across space.

CkJE: WATER RESOURCES RESEARCH, 2019, 55(4):2708-2721)

Extracting aquaculture ponds from natural water surfaces around
inland lakes on medium resolution multispectral images

Zhe Zeng, Di Wang, Wenxia Tan; et al.

A considerable portion of the natural inland lakes has been gradually transformed into aquaculture ponds
to meet the enormous demand for aquaculture products. The changes in ponds area can be used to
measure the impact of human activities on inland lakes. However, aguaculture ponds and inland lakes
are often intermingled with each other especially in the areas close to the lake shore, posing great
difficulties for the extraction of aquaculture ponds from medium resolution (15-30m) multispectral
imagery, such as Landsat TM, OLI, and Geofen-1 WFV images. This study proposes a contour-based
regularity measurement for water segments, which evaluates the zero-curvature portions of the
boundaries, to distinguish aquaculture ponds from natural water. Water surfaces are firstly extracted from
satellite images, and then boundary trace of each water segment is carried out to evaluate the
geometrical feature of its contour, including perimeter, curvature and the proposed contour-based
regularity. Eventually, SVM classification based on these geometrical features separates the aquaculture
ponds from inland lakes. Experiments on Landsat TM, OLI, and Geofen-1 WFV images showed that the
combination of perimeter, area and proposed contour-based regularity outperforms other feature
combinations and produced the most accurate classification. Therefore, the proposed method can be
used to extract all aquaculture ponds from all historic Landsat images to monitor the changes in inland
aquaculture.

CR¥E: International Journal of Applied Earth Observation and Geoinformation, 2019, 80:13-25)

Sediment residence time reveals Holocene shift from climatic to
vegetation control on catchment erosion in the Balkans

Alexander Francke, Anthony Dosseto, Konstantinos Panagiotopoulos; et al.

Understanding the evolution of soil systems on geological time scales has become fundamentally
important to predict future landscape development in light of rapid global warming and intensifying
anthropogenic impact. Here, we use an innovative uranium isotope-based technique combined with
organic carbon isotopes and elemental ratios of sediments from Lake Ohrid (North Macedonia/Albania)
to reconstruct soil system evolution in the lake's catchment during the last ~16,000 cal yr BP. Uranium
isotopes are used to estimated the paleo-sediment residence time, defined as the time elapsed between
formation of silt and clay sized detrital matter and final deposition. The chronology is based on new
cryptotephra layers identified in the sediment sequence. The isotope and elemental data are compared
to sedimentary properties and pollen from the same sample material to provide a better understanding of
past catchment erosion and landscape evolution in the light of climate forcing, vegetation development,

and anthropogenic land use.
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During the Late Glacial and the Early Holocene, when wide parts of the catchment were covered by open
vegetation, wetter climates promoted the mobilisation of detrital matter with a short paleo-sediment
residence time. This is explained by erosion of deeper parts of the weathering horizon from thin soils.
Detrital matter with a longer paleo-sediment residence time, illustrating shallow erosion of thicker soils is
deposited in drier climates. The coupling between climatic variations and soil erosion terminates at the
Early to Mid-Holocene transition as evidenced by a pronounced shift in uranium isotope ratios indicating
that catchment erosion is dominated by shallow erosion of thick soils only. This shift suggests a threshold
is crossed in hillslope erosion, possibly as a result of a major change in vegetation cover preventing deep
erosion of thin soils at higher elevation. The threshold in catchment erosion is not mirrored by soil
development over time, which gradually increases in response to Late Glacial to Holocene warming until
human land use during the Late Holocene promotes reduced soil development and soil degradation.
Overall, we observe that soil system evolution is progressively controlled by climatic, vegetation, and
eventually by human land use over the last ~16,000 years.
CRiE: Global and Planetary Change, 2019, 177:186-200)

Worldwide alteration of lake mixing regimes in response to climate
change

R. lestyn Woolway, Christopher J. Merchant.

Lakes hold much of Earth’s accessible liquid freshwater, support biodiversity and provide key ecosystem
services to people around the world. However, they are vulnerable to climate change, for example
through shorter durations of ice cover, or through rising lake surface temperatures. Here we use a
one-dimensional numerical lake model to assess climate change impacts on mixing regimes in 635 lakes
worldwide. We run the lake model with input data from four state-of-the-art model projections of
twenty-first-century climate under two emissions scenarios. Under the scenario with higher emissions
(Representative Concentration Pathway 6.0), many lakes are projected to have reduced ice cover; about
one-quarter of seasonally ice-covered lakes are projected to be permanently ice-free by 2080-2100.
Surface waters are projected to warm, with a median warming across lakes of about 2.5 °C, and the most
extreme warming about 5.5°C. Our simulations suggest that around 100 of the studied lakes are
projected to undergo changes in their mixing regimes. About one-quarter of these 100 lakes are currently
classified as monomictic—undergoing one mixing event in most years— and will become permanently
stratified systems. About one-sixth of these are currently dimictic—mixing twice per year—and will
become monomictic. We conclude that many lakes will mix less frequently in response to climate

change.

(k5. Nature Geoscience, 2019, 12:271-276)

Sea-level change as the driver for lake formation in the Yangtze Plain —
A review

Yantian Xu, Zhongping Lai, Chang'an Li.

The Yangtze Plain (floodplains in the middle and lower reaches of the Yangtze River) is a region with
numerous lakes, including the three largest freshwater lakes in China, i.e. Poyang Lake (PYL), Dongting
Lake (DTL), and Taihu Lake (THL). The formation mechanism of these lakes offers insights into the
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ongoing debate concerning the interaction between tectonic activity, climate, sea-level, human impact,
and Earth-surface processes. Previous studies have usually focused on individual lakes, so there
remains no over-arching and consistent framework for lake formation in the region as a whole. Here we
review published sedimentary and chronological records on the above three lakes and propose that
sea-level change has determined their formation. During the last glacial maximum (LGM; ca 30-20 ka),
with a sea-level >120 m lower than present, a landscape of incised valleys and interfluves prevailed over
the entire Yangtze Plain, including the DTL area, which is >1400 km upstream from the modern river
mouth, and there was no large lake on the plain. The lakes emerged in the Holocene, although more
precise ages await further investigations. The glacial sea-level lowstand, with concomitant headward
incision, was responsible for the extensive deeply incised landscape of the LGM, whereas the Holocene
high sea-level, with resultant infilling of the incised valleys, accounted for the formation of lakes. This
sea-level forcing hypothesis suggests a more far-reaching influence of sea-level change on the Yangtze
Plain, and a closer relationship between Earth-surface processes and glacial-interglacial cycles (global
climate) than is commonly believed. According to our newly hypothesized climate-controlled
geomorphological (CCG) model, it is very likely that similar lake-forming processes could have occurred
multiple times during earlier glacial—interglacial cycles, and that this pattern might also have occurred in
many other river systems in the eastern coastal areas of China, as well as in other similar river plains
worldwide, thus having an important role in shaping modern coastal-plain landscapes. Further work is
required to test this CCG model.

CkJH: Global and Planetary Change, 2019, 181:102980)

A data set of inland lake catchment boundaries for the Qiangtang
Plateau

J. S. Bowling, S. J. Livingstone, A. J. Sole; et al.

Few subglacial lakes have been identified beneath the Greenland Ice Sheet (GrIS) despite extensive
documentation in Antarctica, where periodic release of water can impact ice flow. Here we present an
ice-sheet-wide survey of Greenland subglacial lakes, identifying 54 candidates from airborne radio-echo
sounding, and 2 lakes from ice-surface elevation changes. These range from 0.2-5.9 km in length, and
are mostly distributed away from ice divides, beneath relatively slow-moving ice. Based on our results
and previous observations, we suggest three zones of formation: stable lakes in northern and eastern
regions above the Equilibrium Line Altitude (ELA) but away from the interior; hydrologically-active lakes
near the ELA recharged by surface meltwater and; small, seasonally-active lakes below the ELA, which
form over winter and drain during the melt season. These observations provide important constraints on

the GrIS's basal thermal regime and help refine our understanding of the subglacial hydrological system.

CkJH: Scientific Data, 2019, 10, doi.org/10.1038/s41467-019-10821-w)

Evaluating Operational Hydrodynamic Models for Real - time
Simulation of Evaporation From Large Lakes

A. D. Gronewold, E. J. Anderson, J. Smit.

Methods for simulating evaporative water loss from Earth's large lakes have lagged behind advances in

hydrodynamic modeling. Here we explore use of oceanographic models to simulate lake evaporation
14



MaREHS (46 A)

from a long - term water balance perspective. More specifically, we compare long - term monthly
simulations of latent heat flux from two configurations of a current operational hydrodynamic forecasting
system (based on the Finite Volume Community Ocean Model, or FVCOM) for the Laurentian Great
Lakes. We then compare these simulations to comparable simulations from a legacy conventional lake
thermodynamics model, and from a recently developed statistical water balance model. We find that one
of the FVCOM configurations that is currently used in operations for short - term hydrodynamic forecast
guidance is also suitable for real - time simulation of evaporation from very large lakes. The operational
versions of FVCOM should therefore be considered a readily available tool for supporting regional water

supply management and, pending further research, extended water supply forecasting.

CkiE: Geophys. Res. Lett., 2019, 46(6):3263-3269)

Unchanged frequency of moraine-dammed glacial lake outburst floods
in the Himalaya

Georg Veh, Oliver Korup, Sebastian von Specht; et al.

Shrinking glaciers in the Hindu Kush—Karakoram-Himalaya—Nyaingentanglha (HKKHN) region have
formed several thousand moraine-dammed glacial lakes1,2,3, some of these having grown rapidly in
past decades3,4. This growth may promote more frequent and potentially destructive glacial lake
outburst floods (GLOFs)5,6,7. Testing this hypothesis, however, is confounded by incomplete databases
of the few reliable, though selective, case studies. Here we present a consistent Himalayan GLOF
inventory derived automatically from all available Landsat imagery since the late 1980s. We more than
double the known GLOF count and identify the southern Himalayas as a hotspot region, compared to the
more rarely affected Hindu Kush—Karakoram ranges. Nevertheless, the average annual frequency of
1.3 GLOFs has no credible posterior trend despite reported increases in glacial lake areas in most of the
HKKHN3,8, so that GLOF activity per unit lake area has decreased since the late 1980s. We conclude
that learning more about the frequency and magnitude of outburst triggers, rather than focusing solely on

rapidly growing glacial lakes, might improve the appraisal of GLOF hazards.

(CRJ%: Nature Climate Change, 2019, 9:379-383)

Flood occurrence change-point analysis in the paleoflood record from
Lake Mondsee (NE Alps)

Hansjorg Albrecher, Martin Bladt, Dominik Kortschak; et al.

Knowledge about changes of flood occurrence patterns is important for risk estimation of the future.
Robust and well-calibrated paleoflood records, derived e.g. from lake sediments, are excellent natural
archives to investigate flood variability of the past and to use the data for further modelling. In this paper,
we analyse a 7100 year summer flood record recovered from Lake Mondsee (NE Alps), using a statistical
approach. We identify a point process of renewal type, with a significant change-point of the occurrence
pattern around 350 CE, switching from the overlay of two mechanisms of event recurrences of 5 and
50 years before to 2 and 17 years after this change-point. This change-point approach enables a
comparison to other flood records, and possibly to relate event frequencies to climatic conditions. We
also highlight how lower temporal resolution of flood records can hamper the analysis of relations to
climatic signals. Hence high-resolution records with robust chronologies and flood information (e.g.
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seasonality and event characteristics) are essential to improve the understanding of the interplay
between climatic signals and flood occurrences, which is an important ingredient for proper risk
estimation and risk management.

CKJ&: Global and Planetary Change, 2019, 178:65-76)

Lake Water Depth Controlling Archaeal Tetraether Distributions in
Midlatitude Asia: Implications for Paleo Lake - Level Reconstruction

H. Wang, Y. He, W. Liu; et al.

Lake-level reconstructions, related to terrestrial hydrological changes, are important for our
understanding of past and future climates. Currently, however, reliable lake-level proxies are still limited.
Here we report distributions of archaeal tetraether lipids in 70 surface sediment samples collected from
55 lakes in midlatitude Asia. We have found that among various lake physico-chemical characteristics,
the relative abundances of crenarchaeol and Hydroxylated isoprenoid glycerol dialkyl glycerol tetraethers
(%cren and %OH-GDGTs) are best correlated with lake water depth, due to a preference of
Thaumarchaeota, the producer of these biomarkers, for a niche in subsurface lake water. This supports
the recent hypothesis based on single-lake investigations that %cren and %OH-GDGTSs are potentially
novel lake-level proxies. Our results also suggest that %OH-GDGTs is less affected by soil input
than %cren. Nevertheless, other confounding factors should be well constrained and local/site-specific
calibrations are needed before the two molecular proxies are used quantitatively in down-core
applications.
CEJR: Geophys. Res. Lett. , 2019, 46(10): 5274-5283)

Middle to Late Miocene Eccentricity Forcing on Lake Expansion in NE
Tibet

Zhixiang Wang, Chunju Huang, Alexis Licht; et al.

The East Asian summer monsoon (EASM) variability on orbital time scale has been extensively
investigated in Quaternary loess and speleothems. However, EASM variability during pre-Quaternary
time remains poorly understood. Here we report a continuous upper Miocene cyclostratigraphic record
from lake deposits of the Tianshui basin, Northeast Tibet, to reconstruct past variations of the regional
hydrological cycle. Our results, combined with previously published cyclostratigraphic records from
Northeast Tibet, show that regional lake expansion cycles have been consistently dominated by ~100-kyr
eccentricity forcing over most of the middle to late Miocene. These ~100 kyr cycles corroborate a
significant forcing of the East Asian hydrological cycle by Antarctic ice sheet variations at that time. It is,
however, unclear if this forcing affected EASM intensity or westerly derived moisture supply to the far
east. Regardless of the nature of the main source of precipitation in Northeast Tibet during the Miocene,
these results emphasize the existence of a strong teleconnection between Antarctic ice sheet

modulations and the continental climate of Asia.

(CKJ&: Geophys. Res. Lett.,, 2019, https://doi.org/10.1029/2019GL082283)
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A long-term dataset of lake surface water temperature over the
Tibetan Plateau derived from AVHRR 1981-2015

Baojian Liu, Wei Wan, Hongjie Xie; et al.

Lake surface water temperature (LSWT) is of vital importance for hydrological and meteorological studies.
The LSWT ground measurements in the Tibetan Plateau (TP) were quite scarce because of its harsh
environment. Thermal infrared remote sensing is a reliable way to calculate historical LSWT. In this study,
we present the first and longest 35-year (1981-2015) daytime lake-averaged LSWT data of 97 large
lakes (>80 km2 each) in the TP using the 4-km Advanced Very High Resolution Radiometer (AVHRR)
Global Area Coverage (GAC) data. The LSWT dataset, taking advantage of observations from NOAA’s
afternoon satellites, includes three time scales, i.e., daily, 8-day-averaged, and monthly-averaged. The
AVHRR-derived LSWT has a similar accuracy (RMSE = 1.7 °C) to that from other data products such as
MODIS (RMSE=1.7 °C) and ARC-Lake (RMSE =2.0°C). An inter-comparison of different sensors
indicates that for studies such as those considering long-term climate change, the relative bias of
different AVHRR sensors cannot be ignored. The proposed dataset should be, to some extent, a
valuable asset for better understanding the hydrologic/climatic property and its changes over the TP.

(RJH: Scientific Data, 2019, 6, doi.org/10.1038/s41597-019-0040-7)

Resolving biogeochemical processes in lakes using remote sensing

Nouchi, Vincent; Kutser, Tiit; Wuest, Alfred; et al.

Remote sensing helps foster our understanding of inland water processes allowing a synoptic view of
water quality parameters. In the context of global monitoring of inland waters, we demonstrate the benefit
of combining in-situ water analysis, hydrodynamic modelling and remote sensing for investigating
biogeochemical processes. This methodology has the potential to be used at global scales. We take the
example of four Landsat-8 scenes acquired by the OLI sensor and MODIS-Aqua imagery over Lake
Geneva (FranceSwitzerland) from spring to early summer 2014. Remotely sensed data suggest a strong
temporal and spatial variability during this period. We show that combining the complementary spatial,
spectral and temporal resolutions of these sensors allows for a comprehensive characterization of
estuarine, littoral and pelagic near-surface features. Moreover, by combining in-situ measurements,
biogeochemical analysis and hydrodynamic modelling with remote sensing data, we can link these
features to river intrusion and calcite precipitation processes, which regularly occur in late spring or early
summer. In this context, we propose a procedure that can be used to monitor whiting events in temperate

lakes worldwide.

CkJE: AQUATIC SCIENCES, 2019, 81(2): UNSP 27)

Nutrient enrichment homogenizes taxonomic and functional diversity
of benthic macroinvertebrate assemblages in shallow lakes

Zhang, You; Cheng, Long; Li, Kuanyi; et al.

Eutrophication alters the trophic dynamics in lakes and may result in biotic homogenization. How nutrient
enrichment drives patterns of taxonomic and functional (i.e., trait-based) homogenization of

macroinvertebrate assemblages at within-lake (local) and among-lake (regional) scales is, however, not
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well understood. Taxonomic and functional compositions of macroinvertebrate assemblages in 41 lakes
of the middle and lower reaches of the Yangtze River and Huaihe River were analyzed at within-lake and
among-lake scales. Our results indicated that there was a significant difference in macroinvertebrate
assemblages among lakes under different trophic status, and that total phosphorus was the major
environmental factor that regulated both taxonomic and functional beta diversity of macroinvertebrate
assemblages. That the abundances of pollution-tolerant species (e.g., Limnodrilus hoffmeisteri and
Microchironomus tabarui) increased with trophic state contributed the most to among-lake dissimilarity.
Functional beta diversity was significantly positively correlated with taxonomic beta diversity, while
functional beta diversity was on average lower than taxonomic beta diversity. A combination of univariate
and multivariate techniques revealed that nutrient enrichment homogenized taxonomic and functional
diversity of benthic macroinvertebrate assemblages in shallow lakes at within-lake and among-lake
scales, and that there was an overall trend toward taxonomic homogenization that exceeded the trend of
functional homogenization. Thus, taxonomic and functional compositions should be considered
simultaneously to improve understanding of the response of aquatic communities to anthropogenic
disturbance, as the loss and gain of species may be influenced by species-specific features, and
functional composition may exhibit a relatively high correspondence with changes in environmental
conditions.
CEJE: LIMNOLOGY AND OCEANOGRAPHY, 2019, 64(3):1047-1058)

Drainage network position and historical connectivity explain global
patterns in freshwater fishes’ range size

Juan Carvajal-Quintero, Fabricio Villalobos, Thierry Oberdorff; et al.

Identifying the drivers and processes that determine globally the geographic range size of species is
crucial to understanding the geographic distribution of biodiversity and further predicting the response of
species to current global changes. However, these drivers and processes are still poorly understood, and
no ecological explanation has emerged yet as preponderant in explaining the extent of species’
geographical range. Here, we identify the main drivers of the geographic range size variation in
freshwater fishes at global and biogeographic scales and determine how these drivers affect range size
both directly and indirectly. We tested the main hypotheses already proposed to explain range size
variation, using geographic ranges of 8,147 strictly freshwater fish species (i.e., 63% of all known
species). We found that, contrary to terrestrial organisms, for which climate and topography seem
preponderant in determining species’ range size, the geographic range sizes of freshwater fishes are
mostly explained by the species’ position within the river network, and by the historical connection among
river basins during Quaternary low-sea-level periods. Large-ranged fish species inhabit preferentially
lowland areas of river basins, where hydrological connectivity is the highest, and also are found in river
basins that were historically connected. The disproportionately high explanatory power of these two
drivers suggests that connectivity is the key component of riverine fish geographic range sizes,
independent of any other potential driver, and indicates that the accelerated rates in river fragmentation

might strongly affect fish species distribution and freshwater biodiversity.

CRJ&: PNAS, 2019, https://doi.org/10.1073/pnas.1902484116)
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Hydrologic and anthropogenic influences on aquatic macrophyte
development in a large, shallow lake in China

Zhang, Qinghui; Dong, Xuhui; Yang, Xiangdong; et al.

Macrophyte composition and abundance affect the overall ecological structure and function of lakes, and
information on the nature and timing of changes in macrophyte assemblages is therefore crucial for
understanding their impact on the lake ecosystem. We examined plant macrofossils, diatoms,
cladocerans, and physical and geochemical proxies in two sediment cores from Lake Liangzi, a large
shallow lake located on the Yangtze floodplain in south-east China, in order to assess recent and
historical trajectories of ecological and environmental change. We also used archival records of
environmental changes (i.e. hydrological, climatic, fishery, and social factors) in the lake and its
catchment. Lake Liangzi is of particular interest as it, unlike most other lakes in the region, has
maintained a macrophyte-dominated state. The results revealed a shift in the lake during the past ca. 160
years from a clear water, low-growing submerged macrophyte community (e.g. Najas minor, charophyte
species), dominated by planktonic diatoms and planktonic cladocerans, towards a more
pollutant-resistant, tall-growing macrophyte community (Potamogeton spp., Ceratophyllum demersum
and Myriophyllum spicatum) and dominance by benthic and epiphytic diatoms and littoral cladocerans.
However, a pronounced increase in the abundance of planktonic Bosmina spp. at the expense of true
littoral cladoceran species and a decline in plant macrofossil assemblages in the surface samples
suggest that the lake recently entered into a new unprecedented state. Redundancy analysis indicated
major changes in hydrology and moderate inputs of anthropogenic pollutants as well as climate warming
as the main drivers of ecological and environmental changes in the lake. Our study demonstrated that
plant macrofossils from radionuclide-dated short sediment cores provide reliable information on the
nature and timing of changes in the macrophyte community in Lake Liangzi. Furthermore, our study
provided information on the composition of the plant community before recent strong perturbations and
also showed the trajectories and suggested the drivers of ecological and environmental change, thereby
offering valuable information for lake managers in the Yangtze region and elsewhere. Our study identifies
a relatively resistant community of submerged macrophytes, which may be an initial restoration target for
managers when restoring the many lakes in the region where submerged vegetation coverage has

declined during the last few decades.

CkJE: FRESHWATER BIOLOGY, 2019, 64(4):799-812)

The relative importance of weather and nutrients determining
phytoplankton assemblages differs between seasons in large Lake
Taihu, China

Deng, Jianming; Salmaso, Nico; Jeppesen, Erik; et al.

Climate change affects seasonal weather patterns, but little is known about the consequent effects on
phytoplankton assemblage variation. We studied the changes in phytoplankton assemblages, expressed
as morpho-functional groups, during four seasons over the past two decades in large shallow eutrophic
Lake Taihu, China. During this period, both climate and nutrient levels changed in the lake. Wind speed
declined significantly from 1997 to 2016 in all seasons, while global radiation increased significantly in
spring and winter. Phosphorus and chlorophyll a concentrations showed a significant increasing trend in
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all seasons, especially in summer and autumn. Diatoms, mainly Aulacoseira and Asterionella, increased
during late winter and early spring. Multiple stepwise regression analysis and non-metric
multidimensional scaling indicated that climatic variables (i.e., decreasing wind speed and increasing
global radiation) were the main drivers of phytoplankton assemblage variance in winter and early spring.
An increase in the dominance of cyanobacteria (mainly Microcystis spp.) in summer and autumn was
mainly related to changes in phosphorus. Our results indicate that both nutrients and climatic variables
were major drivers of the observed changes in phytoplankton assemblages, differing in importance
between seasons. The differential response of phytoplankton community variation to future
environmental change in the different seasons needs to be taken into account when evaluating the

long-term changes in phytoplankton.

CEJE: AQUATIC SCIENCES, 2019, 81(3): UNSP 48)

20



MaREHS (46 A)

MBE="KIE FI& I 50 Z4NHiH

WP UK B AR LN e E -G, AU = A8, HArfe ki Loy m ki
FHRERBAER . UKF AR OKE N SRR KR B R B ERUKIIE ST, UK A4 1A
B, PREEHIR T AR, BEE R BIR R AUKER I K . 1K K AT Re A A ZE MR e R T
UK R EE AL o

X IR LEHE I T AR B TR RCE AT B B R, T AR B E DR OKAE DK T R
AKTTE, IR R DK 55 an AT Zh s e SR BT

it [ £ Nature Communications b & (118 3 “ kg B2 2= UK NV I 40 AT BN AR ” St 1 4%
B2 22 UK a5 N B — AN UK 55 2 UK 55 8 AT o

i 73 k500,000 2% LA LB JC 28 L IRl e B, SR BEME PR 2K s R O IR, 22
RITRER S, SRR AT AR 22 T AN SR SE T 54 MUK R IIE, B 3 A Al
FHOKTHT FPVE AR AR A o

WFFEN T B AR UK WA AR 7, X ey v AR ANHE R0 55 VK=
PR (HA2, BIHBTNLE, AT BE 220K A5 T BIOK N a7 A AT a2 b

XTI IC 1 YA FATIF 46 LA B 22 0K 3 R s B Ao X TR s e A T
IR IR N K SC R GAIVK IR EN )57 B FE A DL A SR m 3RA TR AR R 2 R R R H
SR 7 2% i Stephen J. Livingstonet 115 .

HR DL K B 80.2-5.98 B, K O T A AR R S IVKZ 2T, 32 B 0K &5 N B
RETFUKERITRIIR, ALFAERASE o SR, FEASKBEAE SRS, HRRKKM LK 55 R
BRI, I R IR L8 7K HE I R F] e BUZ LK T W TH R 2R I B A
FHIEER . BEFEN G O F B T W3 20 1) — SeiE 0, IS 20 A8 oK R A g HEK SR f5 &
WA TS .

“IRREETIA R UM R R AL B H b, DAS IR A A AR TR AR
MIUTRAIEAT RAE, DAMRAF RS20 5%, 7 Stephen J. Livingstonetd £t

GR35 HE3Ehttp://mww.sohu.com/a/323318381_1001582064F 5% ¥ &1 # 3 2019-06-27)

SEEUEERELRBLNE )

ST E—2F LN D3R4t 7 B S 8 ORI, L5600 7 AKASER
MERHY A 52l (B SARAR IR IR TR SO IX — 1 ZRYRIR I R 2% AR BLK
BRI AR GE. MRS 2 BB AT AR M BERE 5 58 B 22 B A 1 — M RE 22 5

21



MaREHS (46 A)

HRR T — A RSB I K S T s ma ol A2 7= J R . I R4S R OOk R
£ (RHE) L.

B LR A T 38/ HI X 1244 PR I ) s FE A, £ R ARk AR =5
Z o WU oKX SR SRR B O AT T LA, R I8 RN EE B B A2 3R
(GARRE 1) S ISR, 1A% FFREE D) 52 21 T AR s m . i, Sk, kT
oo BFFTARIT, Ik el DX X e e IR b RIS R, Rl — b X A A
PSR 77 A E R L o (] — I f S AR Ak 1 S BB AT R Z Ak o #F 50N SR BT
FHOI RN B ML R AN A iy L, T e A AL L34 R 55 A

FEWT 7T N 19304F 2120104 F1 5 £ F AL SIAF L an ] AR AL, B 58N 52 R B H AR
JEiE . PRI R SRR R AR - LU T KR A A S X AR IR i k. 5
—J7 T BRI R R A TE R AT B 2 - A 55 22 M X L 38 %0 AR BT R 22 [ AR B
JUEEIH RO IEEO A = SRR N, BAEEE BRI XN ZE . flan, BHES
BN B K S5 R ZR M H X e A2 7= 3 B T 15% %235 %

XS A 4 BRI T R AR A BRI ) S . X R ER
PEAh PR T T, 1) AN WA A B b A= 72 2 B4 PR A BT s
DA A 453 R R 2 b X 2 [0 He 24 £ 8 (1 P s

75 L 3o A 55 e N7 X S A A A o Tk SR LA S P P — S S B 4y (i AR
TP TS 5 2 B SRS RE IR, AR IR U BELRS 1 o BE B M O . (R
AR PR S M L RO LR A 2 T R — . EEERRIE, AR
KR BRI S e R A B AR R 3R . RR TR 2 TR T S5
A f R DA SIS E AT T AT TR A v 1]

JR3CRIR:  https://www.universityofcalifornia.edu/news/warm-seas-scatter-fish

CRIE: #HrHem 2019-03-04)

MFERERARBRAF L AR XA £ TRIERE HI R

Pt 20194 H23 HH 2., (% Wit v [ 37 K2 | i it T ERBORSE AN [
P LA A= 37 R SC 6 IR 22 508 O PO AR R AL AR 3 X ARA st AT it e, A SE
EATT LA AR AR .

FEVEAAME AL B X A7 AE R EAEM, K KR HEBCR R R =R A 7%
IR 2725, P ) AE T e R AT A 1Y) 25 3 e I i AR SO B 2 i< T
HAa DOR B 5-10MB1ARIE 2., AT 787375 F8 B PE AR A AL ARt DOK A R 2% 4,
FBCA 4 S Wi == R8N A AR AL o

22



MaREHS (46 A)

BREEFIER. B KO B 76N T 7 = KEURE . LA, i T K R
(AR FE . BRI E DL SR AR R T R R E . =R R S e
TS SR R KRR ARSI . RAE S RsE, Ik
DA IR 2 A GRS

IRAEFHE KA FURAR , 5= SR RHRBUR AR 2, R ZRHK )G,
R T — X R E AR B, ST K ARk 2 bR, EHRK
RS2 10, HEcE A FE M) A6 N I F 16 v /K AR Lty itk 21 oK, A6ER Y
AR LR 2 1445 . = E B2 K AR S 7T 45 2R K R AE (Nature Communications)
e b, ARRNE TR LA kb X i A 4 A SR

Ol BHEHBI %, 2019-06-06)

ia/Rut RS

JEVERAL T B 5 B BE AR SR A Sty , e AR, B KAEHE. HE2
FEZE B PE S, [ 15054F LK & WA FEAR AT B R R 08, it “Hy
SRR W — MR, BFUNISRZ X W EA S E B CeA 15 R Re i,
—AECE Z AN B R H B T I =R R R A

N T IR 3 RE TR R 2 75 LRI AE , Ghazoui LA K AH SR FE N I B K it N
VE/R S SR L B PSR R, I R PR E R o AT TP S M A B 1T ]
REICSRE I BT — R B K BRI R], PR 2 S T KRS8, BT 17k
WFFEN BFRAR “ AR MR . 07/ NLEIL T H 15054 LR 2= /08 H
FAESE, A TR RO R . “IRATA B2 B 15054 1 R IR I, (H KI5
— ARSI RIS AR E . X PR IZHL X W R R R A AR R AR
2 2 IR R, (HJRth FAE IR T 120 X 7 7R o 5 Bk BT i — A <L
AR o« BHS R 2 KR53 (University of Colorado Boulder) [
BER BN LI (Roger Bilham) #£or, BRI AZ 5RO, (HXZHFA
N G5 — R R A TRR D C ORI 70 5 Sh B L i, R iz b X A e g
SRR T

CRIE: #3Ehttps:/iwvww.nature.com/articles/s41467-019-10093-44H 3¢ % B 4w %)

TR ERRRS RS HHRES

AF15H REAE (HIRKE) (Nature Astronomy)Zs & B —IGH T 7018 HY
AT 52 N\ G35 7 J2 -S40 2% () 1 TS W B /b o, B BoNIbMARAE Bk

23


https://www.nature.com/articles/s41467-019-10093-4

MaREHS (46 A)

AN TR B I B 2= AN [ SE B 2%, AR ARE A A I B AR 2 A

SR 20 o B B T A S G S AINAS A A HERESZ 6 = 1 — HAF RN 3
WHIE T R 758520064 bk P NI I EIER, Al AE R B BN AR EERAEAEE A
DHEBE, T R IX SRR A e . B NGERBH — F K 2 T E304E (I 4],
FrUAHZE S B LR K IS 2 .

20134, Mt F/NH OO Al — X BEA T AR, R EANCEMNETFHRANT F
&, ANRIA AR B AP DA W, AT s R a8l R T .
WL/, XS RTAT e KA JLOET IR, X — IR SR AR A EEp
E T R BONETA T2 DA K B S R BR IS AT I st . R L TN — B
IR —/N AT RAEAEAE i Va7, AEDR AR IR IX RS0 SO v, xS A (1038 A
“BRZEIFR” o XMTANENKU, EASR UMW 98, &
Br—HAE (AR REWALHTIE T H—Rik, s~ e SHwE
R IR T A TN EAEAE AR R S R i, AT R IR FE AT DAk 100K

NASARR7E e SR EE T-19974F K 5, 2004FH0IA A, |5 P 134 %) £
B RILTEATIM W T X FEARATE R T A, RS HINEE 12017459
HISHBA N B RKSZEERR . NASAH ATIEE S E—TUEiie i, JRIE 34N
Dragonfly I JE AL R #S, X = B SHEAT S FEH A 72

(R ¥ https://www.nature.com/articles/s41550-019-0714-24F 56 %kl 4 %)

R 8 EXRZ THIASHENK

HERKFRIE— B RS ISR, JE9EE (HR « HiERRLE) J2E15H
FER KB — R ERHR L, EEEZMTHRF (NASA) BHIAIRERR, HERTZE
T HISI A K. IXEEIKYRE EH BRI SR, N R R T 2 R UK e H Bk
IR IR — RN AR X K (135 AR B B G R A BROK B 58 T LAl

104FHGT, WAL RAEH BRI T HERK, REHHBRMAGEEG ZATA A
WAAELE T oK b . BRI, IR BRI KB RFIR A . (HER 24 H,
TX i K PR SRR AN 43 AT Y0 BB AT A7 AE 8L

FEAL T3 B 5 B 22 M FINASAKIA B8R 25 AT H O i, BHE K « PJEgh K [F)
FUE N H ERACRIEFATIRAN 30T MAT15R7R, NASAR A B S5 8 AR TR B ER
# (LADEE) 58—/ MYas, 7EH BRSPS 7K A5 &R Ky,
LADEEFR M #57F 20134510 H 22201444 2 Al —HL H 1817 .

W FCABN I, ARSI 21 R ZKORE TS T R, K0 43 8-S 9 9 B ) 2B (19 299 i A
eI B E A I B FUAS R RS ) A B PRI K &, T RAA e H i B )=
B KA EIK . fEMZ NI A, WSS mEK, & /KE R E1K£0.05%/ 15 .

24



MaREHS (46 A)

MRAEHEFN AL S, B A 3 U0 SRR 218 200ME 7K o Al AT 23 B i
N, BB SR A T KR B BRIE AT -
LT HRE AR NN EARRRATAER “Hhaaut” , X HIKIEKE R K IAE
BETHEE— TRABKENL, B89NSR X LK 18 2 .
CORIE: BHLHAR 2019-04-06)

25



MaREHS (46 A)

(BExRTK{TaNHR) EI%

EH, BEFERRESEZE, KFEERGER T CERWKITHTE) (LUFFER
CTZR) D, X2 TIMVE L TR A R (2 32 SCBAB R BB SEBR, J2d
MUK g 3RS, 24 J — B MR E K T R FEKE. (FER) &
AR S R D KRS R RGUAEL. TR B IR KT
Ef, KRIEFLA B G BAE TSR R AT RS, NERAESTH. st
R R R I B 3 B RS RS

HAl, REAZKD, KEFEETTERE, 2EIEEFE0 KL 500 {257
Jik, KEECEMFTRANT . SAESTIKEIRAH. HACGH. IR ™E, K%
P52 R 5 [ b S KPR AE R 2200 . 2017 4F, FRE AR T /KA 20R ) A2 %0
N H 054, H5RIKEZ 0.7 & 0.8 MRBEHIRK; o TIIE i HKER 45.6
SR, Rt RS KER 2 55 Ji3550 GDP HIJKEZ)SN 500 K, T R IA E
FIEEARLE 300 L5 KLAT o /KGRI B CL4 N A 25 S0 I B RN 5 A 2 T R
FEI A2, 18 V)2 N E KRG EHER 1K TAE.

B R A FATI KRS, A RATKEIR, BT R E E K
LI ZE 5, (722D BHHER Hama A A WL e e s i) Hobx, BIE 2020 4, 14
IKBURZEM . WLl ik RETsg, HooENAEMSERKE. Tk
B INAE 7K B8 2015 453 B BEAK 23%A11 20%, TiKBCRYIE BHL; 3] 2022 4, H
K EFEHITES T ="K 1 6700 123275 K CAPY, 1K B A P2 AR 36 7 NP 57
F) 2035 4, 4 [ 7K SR HILE 7000 42577 K LA, K BV 2R IE AR
1% B A S g K

(7 ) $H 7SR E AT S AT R LI R O R 7 T 284, g 1 29 TR A&
1155 P “RBEmEEXEE” RN ATKIER” « ol KEHE” “ IRk 7
“H UL XY K TFIR T R RS RIEN I A N RE SATE), BEIURSk. HE S
X POOCHEIRST, $RmAIR. SAT KRR, I—AERTIKER. smiafLmk
il S, S HH BRI FEHEBN AN T A LI QT P 7, TRAL KA« K BUK T 3 00
SEA KRR, WENAES HEATAERR. TN IERK A TAE, #E
EFRTKER, JRIBAGFERL.

(FE) ERERAEMSFHSRBREM L, BFBCESIOL. TinES. 4
WIREN A E I, B E S g G P KRS Tid% . sl 58 B UEOR, 51 S,
PREFIIKIRSS A, HEBN IR R R . HEAT & A K B, SR AL K B A AR
RTTR, KRS P BB A T ol T A, HESh G R R IIHT S, i

26



MaREHS (46 A)

BEA T K I B RE o
Y R, InsRsex FK TSNS, &7 A EK . HEEE
W, TEUBBGR, 780 KIERBUEHETKIIER . thIERI B, SRt AtE
STARBENT KU IR EAL I, LGOI, BEL) . &R T
X IEFKEEAWIRAN D, EF K. LKA R R E 54T
8.
ORI KRHEZER N 2019-04-19)

RN =55 2Z2— AOTREHRAK

B L e A S DA 2H 416 H 18 H B & AR I — i Frdi 5 o, At 5t
LIF 2L N R A E BRI, 420 NBEA ZAEEN DA RS, 302N
T = FEA BT O

575 X 200045 22 201 74F At FAERHI K . #1888 BAEAIAS N A5 1 0 2k Je 14T
TV, IEXNAFER RS T 7RG il R, BEARE S IR A5 A
K S PAAAN N BA TS 1 H st R, EAESRBERIIRSS &7 s A E B
KRR

JLFEES TR B AR N A B B AR R FoR, AR “ 52
7 A . MK TR Z A, SUREERART, a0 A 22 4
AR, IR ABAF R L E St X eI AR 55 .

H20004F LK, CA18MC NIRGIEA IR KRS, (HX LRSS m] etk w]
PR BT A ORI A laflitt, Hoz—mAH, BI7.8512 N3G = 2
ARHIKIRSS, oA 148 NAEE R AR G A B K . Bl o, AT
HIXHII0ON G BNTCIEIRIFIX LR 55 ENY 2 — B E S, ARAEX AR 5 R
fftitt, & i N AR S e R 20 R R WA H P

HBHRG T AL BA . A P B 0 R FAE AR AR, & E 2
IfE%5 7, A MICiEAE20304F /i SEBLE SR K M AR N BA R H R, i
Yio CUREERREMNEIAE PA . e FKAA N BATT RIS J), ATH gk 4k
TR A LA A S e S . 3R Tk M EAMAN N PAERS
TSR AR, I AR A R, R R B A R B LA 7

KRR, FEK. MREE AR N EA AT R BRE AT PR RS AN
SFEEZERR, A% T A I BUR B MR s A% 0 o 8D I T T IR SR LU A S
REIHM 3 A, FFE AR BT BT AR e 52 B RA
JRICRIE:  http://www.cas.cn/kj/201904/t20190416_4688946.shtml

CRE: FEFRF2EBE 2019-04-16)
27



MaREHS (46 A)

ik £ TRKFIRIENL

—HELLR, MR FARTE B AK L B R R AR KRN . (K 43 A1 25 [ RS
A8, ABEW R AR TEE ., Harath ST 200609 A 10 AR R 7EGE 857 )1 2 KI5
M, B BRI KRR A AT

AR, BEE N O AIE A R e, KRt — 2P nE., thi L
S5 RRAE G 0 8000 J5 N T, REBRAE BRAEIE N 640 137 75 K /K& o [FB BT AT
WG, AR, AR R 2 5 U R A T8k, 4K BRI SR B
JE77.

BeAh, GBriE st R KRR EAR L, 1900 4E& 1995 4, 4t FyufE A,
Bl AT KK, (HEM 90%)8 /0 BIAE] 70%; 1 LMk AE = /K& EI I T 17
T, M 8% N EI 20%; AEVERIKEMY KT 16 fi%.

HE R R PUKE R, REVKASTEIGE S8, ESHKRZ, KB
IEl. R R Z G, AERLF 5 AATAERS . AP B AR MK R A S I E
#

CRIE: BHEHHR 2019-04-23)

EEMEBLHEEBT AR REHS

BB T 5 A 7 HARA T 2019 4F 1-3 A & E M FRAAB R EARG . 2.
KEFE =R 30 AN E S R KB AZ W TR KA BB AR B, B2, B, W
655 30 MM T K8 5T AR =

BB R MTTNG, WASE TR, KRR &L IR E
X R TK T A% T TR K PR B o R0 S ARG L HE 44 o HEAG 3T Y8 A B B T
FKFE LW TH I T L A L E3T, ZImdE 44 i > 2050 /> [ 5K R /K % 1%
M (CH 1940 AN E R K PN I, 110 AS NI » FESmEK
VA o1 I 7 7 IR /A F 20 IR 1 I ST IS U K= iy e/ e % Ui | P I T 2R P T
W F 45 = K DX =5 B R R B . R AU i R K. BEROKAER, L
Je AL B T S R /K B AZ T T B BN VA BOK R

e, 2019 4 1-3 H, 1940 ANE K HFR KA Wi b, ZK5T R R i bl
B8 74.3%, [FIEG BT 8 ANE 4 s 5 V 2SI LUl 6%, [FILE T F% 3.6 N1 7 A
FEG RN E R BT E. AL, PR R AT A KR N
M, KITABRIT AR R AF, FATEVL. B YER A o B Vs 4y, 103w
WA GG

CRIE: FHEHHk 2019-05-08)

28



MaREHS (46 A)

BX & E I insa £ pkRED IR

T H A B G E ) — ik 5 B, 2% 20 4], JH B AUREE AR . N HIEY
o ST AN LA B ) A FE AR DA B /5 SR IN 1 3 e BRILZ AL, SHURIIT R
I/ T TR BV 22 Wit X R TR ik, S 30T = A AR A ek D R R
PRI .

WG ER, WERRE RN RT /KIS — RIFRRIAS 5 wiE, EpribaSE 5 IEE
FEAC, A ST A PR R At B0 B ) PRI A TR [ B 7 TR 5 AR G 5.5%
H T A o R S AN, A A4 22 RPN AR 2 2R G0 1 B 5 DX I R 24 3l
AT PR AR S INMESS . e VRHEARKAES RGP AT R ZMAREIT R
HEaSS H i, MR — R Rt phii . XA SRR EE, b AR iR B
FS AP

AR E BB Y, N TEAREE S 2 A B 100 12 N H R
R, TEHMIBOE. L. WERMEE. N TEHAATHEAGEEIR, Wb
WO Bl 1) Am v A B RN o RS W I B B8 T b A = R o i i, A
MR, FRdE—B N EFE AR TR E, R A IMERE KOS S 538 FR 2
MR TT Z 8] JE T F X 1k o

Ol BHEH AR 2019-05-09)

BB ENSEA “HE” Ri5K

AF15H217H, 55200 EA EAE EH2AT, Sk B4 BR254 [E XA IX
20002 I RAN A7 A f 7 7R R . K RS T IRSETT I 1 o
BRI H B dh o

BB HE B B R “HE D IEALEE N7 o EERAR T A U IS
B, RHTEL S AL G RS, RENsEARIE WL 00T R o 2 2
TR MR HRSE, B TR SRR IR B

4H15-17H, HEEE20fE I AR LR B g ot e K28 AT, dEstiEIE [
BB R w] (RRR: EIEAED SEEBHTA BHE DN as A 58 IR IRIS
PG RE TR N SR R R AL A SR T 22k, WOk 7k, T
BT A AT A B PR AN < AR B R0

29



MaREHS (46 A)

CRIE: FHEHHR 2019-04-18)

R TSR & 1Y

I H Ty B A AT R AT 2R )\ B — o 2R 5 40 N 2 S ]
W IR LA PR A 7] 5 5E S Environment Commerce CZ s.r.0.251T 7 5K i
HIH S

MRIEIL, BOTKAETG KA et B AN — R i5 KA B 3G B DL K £
TR A SE HE ORI 5| S5 7 AT IR EE G4, E NS0 H B € 3 sl JL E BH 1T
WX 5K, HAREETS K EE S 375

3% B0 17 8 X 75 K AR ER )8 51N FHEC A B Wb E 0 1 R I — R AL B il is 7K A 22
B, SEG T ML, e S ik2/3, B AW, ST AR E K, A
A T, RE. Ebe. EET SR, A TENBERTA. EHE RPN,
HiZTLZ)E, MK EESR ISR mbsiE, nEZHTHKEIR-, f#
e [l PN BT 5 7K A 3 R il B AR SO I R R K B R AR R R e Ah, TERRT X
BT, BRIk B4 AL =1 RIGFACR .

a8, XTI KTEIL A TN T ST IR AE, #HEFITE— SR R4
AMIKESS . MBEACUF . G5 IE I BITE KA B RYEFR AT I .

CORUE: BHEHAR  2019-04-17)

30



MaREHS (46 A)

HAF A KAIERER TR RS

IKRYERFE o TR BRI, R A, Tk, BEJR. MO DA S50
BEANFT R B, e BT R A A e AN P B R

FUAT, R 23 1 DX S T M 7K B AR R AN K i ¥ G vl @, AR AT 7K B VR
(A R EA K AL R T A

EEXTKAb I R, Ak H#Rkic T H RV T H ARG HEK S ki sahE
NI .

H 4K AL B R G 4T 5™ IR

H A B /RSB 2 @ T s A Tr K ), H AT Al stiab 1 2
HRZ . BeAh, N SN T REMECR N SRR AF R 3R, B33 7 B /KIER
WANEE IR e 72 R R AR R A TR BB IR B LT, B R SRR K
A PR o

I 1, SRAGRER S5 IR a4t 2 H AR S — ZORNIA S U 1 25 & T AR AL R [,
HREPUEAR . AR, ERABFEEOR . e g ST HEOR, V556 FlH
i B P b BT 7K DL BE YRS AU

P B ARTT AR RIS HE R

FEKAEPREEAR AT, B A A5 B K ek U o Ak 73 il D e SR LY
XPREE . MR ST RN K oM. EERR, D MREE SR R AR
IR NI F RO .

MHKERRNEIMER, FGHEKSMA KSR RAA RS, B
HUPERAR 1 R A A BB TR] B, - HLORARp 2401687 1) [R] R ST, S 17 v R 7 SR 4
BLE R AR 2% 0 FEASCR AN AN N A B B R R 5 4, B IR B A A MIU A
BANE NI HKEAA, &5 7 AR,

BeAh, B iR g R gril i ] SEROR SRt 22 A e HK.

PANA, KSR B BN, fE LK LR AR
AR TR B R K B RARIG TN, RGP R R g iatT: KIS
BT R g, B BRIRRAG,  JFK AL IR ik 989% LA by e EEFE AL
MR, AR E VLY, B E T PR IRREE A R, AR A,
B RR T IBE A .

FEAEFIT R 2 MRy Je B K AR FREOR, SR HKSS/E H AR NigdT . B
B bR B, fEESMLS 5% TIRZ KA BT .

CRIE: B HA 2019-04-23)

31



MiaHEDE (46 A)

EMEREKEE “SFE”

IEER, LHANHEBEEES Rk, A7 MBS, K
JE KT R 51 BERA LA & 15 JE LR It H  [RIIN & 2 Bk F7IH 2000 AR
FROCRA AL TR RO SEAR A 77, (K PE MR A R ST U 2 ARG “ 4
e o BEONEH, ELIRNHAUE K E, BERIRHA RAERURE it (5KkE
IO .

CRIER: #Hroest b 2019-04-16)

e iEIL & ) LSty

EH, — EEE R K IR AR G4 (B AL ML) SR % X B A — AR
W AR ERBANEH . %2R 2 1500 772K, 708 B FHE, 3% 36 At
BANREOFOKREE RS WEARG. ARG RS, RKIGIAF A R4,
H A BH R, I E A KB KR, FiR O EE A KRB
TR, SR IR N EE ARSI, B4 13 H, SRR
FER BB AR A A s AT/ 0L Gl ttic & a5 .

32



MiaHEHS (46 A)

Ly Ty
b 1hape gy
.-....“

-

CR¥FE: FHEHHR 2019-04-16)

33



