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Day

Treatment 1

Treatment 2

Treatment 3

n-Butyric acid n- Valeric acid n-Caproic acid n-Butyric acid n- Valeric acid n-Caproic acid n-Butyric acid n- Valeric acid n-Caproic acid

(mM)

) 55.8 (£5.7)
20 698(x1.0)
42 688(x28)
56 85.0(x05)

(mM)

5.6 (+0.3)
15.7 (£2.4)
19.2 (£0.5)
222 (£4)

(mM)

2.0 (£0.04)
7.7 @1.4)
12.6 (&1.1)

35.4 (£11.7)

(mM)

70.4 (+3.3)
733 (£20)
75.1 (£13)
84.0 (£6.4)

(mM)

7.1 (2.0
15.5 (0.7)
16.0 (£0.8)
27.4(£13)

(mM)

3.5 (+0.7)
4.0/(£0.5)
18.5 (£2.0)
43.1 (£5.5)

(mM)

412 (£0.1)
43.1 (£1.8)
58,0 (+13.4)
63.6 (£2.7)

(mM)

46(£03)
5.7 (£1.2)
18.1 (£12.2)
25.4 (&2.7)

(mM)

25 (£0.2)
1.4(£03)
24.7 (+21.1)
53.7 (£1.6)

Barrels were moved into a greenhouse on Day 29; banana waste was added to Treatments 1 and 2 on Day 42; and Day 56 was the final day of the trial. Banana waste was already
added at Day 0 for Treatment 3.





OPS/images/fenvs-07-00139/fenvs-07-00139-t004.jpg
Day Percent viability (standard deviation)

Treatment Treatment Treatment Autoclaved
1 2 3 UDDT-SW
11 509 439 673 66.4(5.0)
(17.9) ©.1) @.1)
29 65(4.9) 269 195 22.18.9)
(12.0) ©8)

Viabilty is expressed as "mber of vsblo 0998 . 41, Standiard dleviation of four samples (two
Ascaris chambers in each of two replicate barrels)is given in parentheses. The baseline
viability of Ascaris eggs used in this experiment was 69.9%.
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Inoculum type Mass  MassHFM (@) %

inoculum (g) Inoculum
(m/m)

1: Chain-elongation- 65.4 584.9 10.1

bioreactor

2: Rumen 65.1 587.1 100

3: None (tap water) 653 586.1 100

Masses are total mass for the triplicate media bottles for each treatment.

Moisture
content
(%)

84.0

83.7
84.7
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Treatment
number

3

Initial setup Second stage

(Day 42)
UDDT-SW Inoculum Inoculum Banana Banana waste
ko) type mass(kg) waste(ka) (k)
225 Rumen 25 0 6.5
225 None(tap 25 0 65
water)
175 Rumen 25 5 0

Masses given are per barrel, with duplicate barrels used for each treatment,
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Brief description

The wetland ecosystems have the abilty to maintain air
quality by extracting aerosols and chernical compounds from
the atmosphere.

Wetlands through their biologically mediated processes
stabilize the micro-climate of the region, however at global
scale; they moderate climate vagaries through the land cover
and other processes.

Wetlands regulate hydrological cycle and regulate water
regime through ground water recharge, evapotranspiration,
and by capturing and gradually releasing the water.

Wetlands drastically reduce the nutrient input from through
flowing surface and sub-surface run-off. The biotic and
abiotic factors in the wetlands lead to the detoxification of the
pollutants and xenic compounds carried into the ecosystem
Wetland vegetation and biota reduce the erosion of sl
through sediment binding and reducing current velocity.
Wetlands help to lessen the negative impact of flooding by
soaking up the water and reducing the speed at which flood
water flows.

Wetlands regulate population structure of the ecosystem
through trophic refation.

Production of edible plants like Nelumbo nucefera and
animals like fish (Schizothorax sp., Cyprinus sp.).

The biotic and abiotic processes taking place in the wetland
ecosystem enhances water quality. Wetlands have vast ability
to meet municipal water supply in the neighboring areas.
Wetlands are home to a number of species or abiotic
components with potential use for fuel or raw material.
Wetlands act as huge reservoirs of potentially beneficial
chemical compounds having tremendous medicinal and
cosmetic properties.

Wetlands represent areas of high biological diversity and
support gene pools of the most diverse assemblages of a
wide variety of flora and fauna.

Wetlands provide vital habitat for many species and other
abiotic resources with Omamental value.

Wetlands symbolize the culturally significant landscapes by
creating the sense of belongingness for certain features and
species it beholds.

Wetlands provide panoramic views of landscapes having
humongous recreational potential for tourism.

The aesthetics provided by the wetlands is based on
greenness, tranquilty, and diversity.
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S. No.

10.

11,

12.

Threats

Floating gardens

Wilow plantations

Houseboats

Mechanical
machines/harvestors

Sewage treatment
plants (STPs)

Hospital effiuents

Red tide

Urban sprawl

Hydrological alterations

Ciimate change in
Himalayas.

Exofic species

Siltation and erosion

Roads

Perceived impacts

Construction of floating gardens is a major threat to the lakes and wetlands of Srinagar city. This practice has resulted in conversion
of large areas of open water into floating islands. The impact of these floating gardens is very grave, and unless this practice is
stopped, the wetlands would be under a severe threat.

The creation of a network of willow plantations and populus trees within the wetlands (Anchar, Brari Nambeal, Dal, Hokersar, Gilsar,
and Khushalsar) is a serious threat to wetland ecology. These plantations have obstructed natural flow of drainage, causing
deleterious morphological, hydrological, and ecological changes to wetlands.

The direct discharge of untreated sewage from some 1,200 houseboats located in Dl lake is a growing threat to the lake
ecosystem. This has resulted into deterioration of water quality, prolific growth of aquatic macrophytes, and pollution of the lake
(Parvez and Bhat, 2014).

The mechanical dredgers and de-wedeers used in wetlands of Srinagar Gity (Dal lake, Brari Nambal) for removal of sediments and
aquatic macrophytes has resulted into loss of species of fish, macro-invertebrates, zooplankton, and other biologically important
organisms from the wetlands (All, 2014).

Pollutant loads from point sources (STPs) constructed along the banks of Dal lake and Brari Nambal has become the main source of
pollution for these water bodies.

The STPs have failed to operate as per prescribed norms resulting into increased nutrient loadings mostly nitrogen and phosphorus,
organic matter, metals, pathogen, nutrients, and supplementary water pollutants to the wetlands (Mukhtar et al., 2014).

The effluents discharged from SKIMS into Anchar lake has resulted into increased nutrient concentrations and toxic compounds into
lake ecosystem that are very harmful for lake ecology and sometimes very toxic for fish and other aquatic biodiversity (Bashir et al.,
2017; Gudoo et al., 2017).

The unprecedented occurrence and frequent seasonal recurrence of red tide in lakes and wetlands of Srinagar city constitutes a
new environmental threat to the aesthetics and biological diversity of wetlands. The occurrence of red tide is due to ingress of
untreated sewage from nearby residential areas to lakes and wetlands of Kashmir valley (Khan, 2000).

Unplanned urbanization in the vicinity of wetlands in Srinagar is the biggest threat and an important cause for the reduction of
wetland extent (Kuchay and Bhat, 2014; Romshoo and Rashid, 2014).

Hydrological changes including alterations in inflows and hydrological makeup by surface water extraction, water diversions, and
stream channelization for a variety of human uses.

Recession of glaciers in Himalayas and changes in precipitation have a significant impact on wetlands and their associated species.
Anticipated changes in regional climate could be one of the main drivers besides anthropogenic factors for loss of wetlands in
Kashmir region given the depleting streamflow scenario as observed across Kashmir valley (Rashid et al., 2015; Zaz et al., 2019).
Introduction of exotic species either deliberately or naturaly into lakes and wetlands of Srinagar city has resulted into changes in
wetland ecology, biodiversity, land uses, and water quality. For example, exotic fish species Cyprinus carpio introduced in Dal lake
have eliminated the native Schizothorax sp. from Dal lake.

Siltation and erosion of sediments from the catchment areas s a major threat to the wetlands of the city. These result in loss in water
spread area of wetlands.

Constructions of roads within Dal and Khushalsar have not only fragmented these water bodies into sub-basins but also impacted
the hydrology.
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Class Area Area Area Area  Changefrom % Change

name 1992 2001 2005 2008 1992 to 2008
(km?)  (km?)  (km?) (km?) (km?)

Agricultre 426 369 323 495 0.69 3.69
Aquatic 25 348 456 446 196 10.73
vegetation

Buitt up 001 005 012 0.1 o1 055
Fallow 088 021 027 048 -04 —222
Marshy 774 806 727 562 -2.12 ~1186
Openwater 085 043 031 036 -0.49 -2.72
Plantation 182 218 282 216 0.34 1.83

Road 0.03 003 003 003 0 [
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Parameter

Oxygen (mg L™)

pH

Alkalinity (mg L~)

Conductivity (1S cm=1)

Climg L~")

Dissolved inorganic phosphate phosphorus (ug L~")
Total phosphate phosphorus (g L")
NOs-N (ng L")

NHg-N (g L")

SIO; (mg L)

Ca(mgL™")

Mg (mg L")

1978

3.2-12
7.2-90
85-256
216-348
0.0-79.0
19.0-47
11.2-306
104-327
3.0-100
3.0-90
24-61
11.0-18.0

2012-2013

2.4-10.1
71-82
91.3-254.7
210-381
10.3-39.3
134-390
226.3-631.3
16.7-242.3
44.2-107.2
6.2-28.1
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1975-1990

Land use Dispersion
inefficiency index change

Qui-square 22,873 4,245

Dunn-bonferroni-test (df) 2 2

Asymptotic significance (p) 0.000 0.120

1990-2000
Land use Dispersion
inefficiency index change
29,606 5,759
2 2
0.000 0.056

2000-2015
Land use Dispersion
inefficiency index change
28,131 14,173
2 2

0.000 0,001
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Climate Extreme

Extreme Ecological
Event

Forecasting Challenge

Opportunities for Rapid Approaches

Drought

Insect Outbreaks & Tree
Mortality®®

Determining mortaliy thresholds under
varying levels of insect densities and water
stress; efficacy of management options.

Experiment:

« Experimental management interventions (e.g., insect
control techniques)

 Precipitation manipulation treatments

Survey:

« Pheromone traps to quantify insect population densities

« Tree mortality surveys (field and/or remote sensing based)

Extreme
Temperature (Acute
Heat Wave)

Coral Bleaching®

Determining expuision thresholds, spatial
extents, and cascading effects

Experiment:
« Mesocosms to manipulate abiotic conditions (temperature, pH)
and biotic communities
Survey:
« Rapid implementation of surveys before, during, and after heat
events coupled with abiotic monitoring of currents, temperature,
and other abiotic conditions.

Extreme
Temperature
(Sustained Heat)

Permafrost thawing®®,
peatiand & alpine
grassland drying"

Uncertainty in rate of thawing and drying;
high spatial heterogenety requires
extensive sampiing

Experiment:
« Manipulation of temperature, moisture, or solar input
Survey:
« Carbon stocks and fluxes and changes to organic
‘matter stoichiometry
« Surveys of changes in vegetation species richness and biomass
(field and/or remote sensing)

Extreme Infectious disease Waterborne transmission of viral, bacteria, Experiment:
Precipitation outbreaks?" and parasitic diseases leading to disease  » Experimental management interventions (e.g., steriization of
(Flooding) spread and high risk areas with flooding disease vectors)
« Mesocosm experiments to manipulate density and diversity
of hosts
Survey:
« Rapid response through population monitoring of vectors and
disease agents and tracking outbreaks with social media
Extreme Wind Windfall Predicting changes in forest structureand  Experiment:
(Hurricane) understory vegetation following high wind; * Experimental silvicultural treatments, nutrient additions to couple

managing to promote recovery

biogeochemical changes with understory vegetation responses

Survey:

« Tree mortality surveys to test forecasts across species and
size classes

« Biogeochemical and understory vegetation sampling

2Anderegg et al., 2015, PLiu et al,, 2019, “Liu et al., 2018, ISchuur et al., 2015, ®Brouchkov and Fukuda, 2002, 'Ganjurjav et al., 2018, IHunter, 2003, "Wells et al., 2015, ‘Cooper-Ellis

et al,, 1999.
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City/growth

Absolute

Relative

A (more than 500,000 population)
B (between 100,000 and 500,000
population)

© (under 100,000 population)

Paris (4,614 km?)
Lille (3,554 km2)

Saint Quentin
(1,208 km?)

Reims (150%)
Avignon (221%)

Beziers (271%)
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Indicator Range Calculation

Growth rate of built land  (-00)to (+00)  BuiltGR = ("/Sfﬁ%,g‘.gﬁg” - w) « 100
per year (n) (BuitGR)

Growth rate of population (-00) to (+0¢) PopGR = (ﬂ/%@% - 1).100

per year (1) (PopGR)

Land use inefficiency  (-00) to (+00) LUI = BuiltGR — PopGR

Ly

Dispersion index change —100 to + 100 DIC = End DI - Start DI

(o)

Dispersion index (D) 010 100 D/ = NPn(%0-LPY)
o

Largest patch 010 100
(normalized) (LPr)

maxa;
=1
Largest patch (LP) 010100 P = _',,_a «100
e
- NP-1
Number of patches 010100 NPn = A e 100

(normalized) (NPn)
Number of patches (NP)  O'to (+00) NP = NP (absolute)
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1975-1990

Land use Dispersion
inefficiency index change

Qui-square 17,566 32,185

Dunn-bonferroni-test (df) 5 5

Asymptotic significance (o) 0004 0000

1990-2000
Land use Dispersion
inefficiency index change
41,513 2,223
5 5
0.000 0817

2000-2015
Land use Dispersion
inefficiency index change
29,345 2,149
5 5
0.000 0828





OPS/images/fenvs-07-00199/fenvs-07-00199-t004.jpg
Parameter

Dissolved oxygen
(mg L")

Total alkalinity (mg
L

Nitrate nitrogen
gl™"
Ammoniacal
nitrogen (ug L")
Ortho phosphate
phosphorous (g
(E)

Total phosphorus
)

Total dissolved
solids (mg L")

1974-1976

10.25

69.5

481

236

65.5

187.8

302

1985

87

85.6

483

370

2115

322

1996-1997  2006-2007

86

104

272

362

136

768

119.8

6.8

1

5

539

438

615

20

2018

7.07

101.75

400

40

40

200
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S. No.

Ha X0 N =t

Class name

Open water surface
Wetland/marshy area
Built-up land

Others

Total

Area (km?)
1991

40.00
134.25
17.45
505.05

696.77

2004

30.66
64.07
107.91
494.13

696.77
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Parameter

pH

Dissolved oxygen (mg L")
Conductivity (1S cm™")
Total alkalinity (mg L")
Ca(mgL~")

Mg (mg L")

POs-P (ug L")

NOs-N (ug L)

NHa-N (ug L)

Totel P (ug L")

Cl(mg L")

1970-1972

7.4-96
6.88-12.32
132-385
53-80
16-30
10-14
925
90-57
70-85

8-10

1975-1976

75-95
4.2-10.85
388-555
75-130
22-24
9-13
12-29
95-580
5-18
92-666

2018

7.2-83
35-65
200-475
100-399
48.5-74.5
5399
182-698
558-641
231-381
550-910
23.5-42
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Class name

Aquatic vegetation
Buitup

Floating gardens
Marshy land
Plantation

Water

Total

Area (km?)

1859

291
0.05
0.78
1.49
6.02
20.59

31.84

1903

1.35
0.06
0.82
1.44
3.99
23.98

31.64

1962

3.85
084
5.66

3.63
13.84

27.82

1972

8.23
0.68
1.1288

3.16
13.19

26.40

1979

9.42
0.80
1.39

12.41

24.02

1992

775
1.83
1.36

13.10

24.04

2001

875
2.10
252

10.68

24.04

2010

10.40
2.03
2.70

8.91

24.04

2013

8.64
202
2.89

10.50

24.04
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