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POND ECOSYSTEM

Introduction: A pond is either a natural or an artificial
body of water that is enclosed. Ponds can occur naturally in
the world or they can be human-made (such as a garden

pond).

An ecosystem is a technical term for a community of
organisms. For such a community to
form an ecosystem, it needs to be a
distinct system where the organisms
live and interact.

The pond Ecosys differ from other water ecosystems. Unlike
the river ecosystem, which is categorized under the Lotic
systems, a point he d ecosystem falls under the Lentic




ecosystem for the reason that the water remains stagnant in
ponds for a relatively long period.

Meaning of Pond Ecosystem:

A pond ecosystem is a system of organisms that live together
in a pond. A pond ecosystem can be defined in three ways:

1. A closed community of
organisms in a body of water

2. An enclosed body of water
that houses numerous different
creatures.

3. A biological system that
includes water and plant and
animal life interacting with each other.
So, to summarize, a pond ecosystem is:

* A community of organisms living together

 Within a body of water that can be either artificially
enclosed or naturally enclosed.

* A distinct community with its ecology.

Types of pond ecosystem:

Ponds can come in many different forms, and they all have
their differentiating characteristics. Below, you will find a
discussion of some of the key types of pond ecosystem.

appear and at other times of the yaar will be relatively
deserted - one example for instance is a seasonal oasis in the
desert. These types of pond ecosystems are

sometimes referred to as ephemeral pools as well, to reflect
the fact that they only exist at certain times of the year,

5. Underground ponds.

Ponds can also form underground, in the rocky environment
of caves. Here, a surprising amount of life can be found,
including fish, different bacteria, lichens, and so on.

Characteristics of pond ecosystems.

Several things mark pond ecosystems out from other types of
ecosystems. Below, you will find a list of some of the main
features of these ecosystems.

1. Still waters: pond ecosystems are lentic ecosystems i.e.;
they involve stagnant or standing water.

2. Surrounded banks: by definition, pond ecosystems are
surrounded by either artificial or natural banks.

3. Wet: these ecosystems are wet and humid.

4, Different levels; distinct communities of creatures will live
at different levels of a pond. Crustaceans and deep-water fish
may live at the lower level, for example, whilst birds and
blooming plants may live towards the surface.

5. Variable in size: some pond ecosystems can be very small
(such as a rockpool) whilst others can be almost as large as a
lake.



#n;::st eu.rerywt;(ere, but they can also be found plentifully.
» 3gain, makes them a key habitat for m '
i any different

4. Source of hydration.
| Even_if they do not live in the pond ecosystem, many
species of animals will come to pond ecosystems whenever
:?:.”EEdda drink. A key example is a watering hole in a
IFIE or desert. Humans can also use these
source of water. seonems a2

Food Chain in the Pond Ecosystem:

{J;.r The‘ food chain is a sequence of arganisms in which each

ganism eats the lower member and is eaten

| u

higher member. R
Z. Phytoplankton and algae serve as producers that convert
solar energy into chemical energy.

3. Phytoplankton is consumed by zooplankton (primary
consurners),

4. Th.e food chain further proceeds with the small pond
species that feed on zooplankton,

2. Small Pond species are eaten by large pond species.
%Severall bacteria and fungi feed on dead and decaying parts

of the animal species and are therefore called decomposers
De‘mmpqsers convert the organic matter (dead plants and

animals) into their inorganic components that are again util-

utilized producers, and h i
| : ence a continuous flow of '
maintained. N

Conclusion:

Though they can be found all over the globe, pond
ecosystems are often neglected by conservationists. All of
our wetland ecosystems ought to be safeguarded because
they are vital habitats for an abundance of different species.
| This includes pond ecosystems which, as we have seen, can
come in many different shapes and forms and can perform

many different functions.

RIVER AS
AN ECOSYSTEM:

Water is an essential

component of life.
surface water resources are the most preferred locations for

life settlements. Most of the human civilizations originated
near water courwatercoursesly along the major rivers.

A River is a large natural course of flowing water obtained
from precipitation. The surface water moves down along the
slopes due to the action of gravity. Streams, tributaries,
brooks, creeks, and springs are the different types of
watercourses classified based on their dimension and

distribution.

e A river is also termed major, medium, and minor, based on
its number and length of tributaries, stage of development,
area of catchment,t and geomorphological conditions.

» Every major river must have a place of origin on the
upstream side, which is called the headwaters, and a point of




rivers. They are the veins of the earth through which life
flows. Rivers not only make our planet habitable; they also
make it exceedingly beautiful. Rivers are invaluably useful for
man, animals, and plants. They are the source of potable
water, irrigation for agriculture, power generation, transport,
food, recreation, and leisure, etc.

Rivers are the most
precious gift that nature
has given to the ind. No life
can be imagined there
would be no water(river).

It is the sole duty of
overtry person the to
prevent this indispensable
resource from getting
polluted. If we don't take this seriously, the existence of
Human Beings will become a History on this Earth.

What is a Wetland?

A wetland is an area where water covers the soil or is present
either at or near the surface of the soil all year or for varying
periods during the year, including during the growing season.
Water largely determines how the soil

develops and the types of

plant and animal communities living in and on the soil.
Wetlands may support both aquatic and land species. The
prolonged presence of

water creates conditions

that favor the growth of specially adapted plants and
promote the development of characteristic wetland

soils. Wetlands vary widely because of regional and local
differences in soils, topography, climate, water,
vegetation,and other factors, including human disturbance.
Indeed, wetlands are found from the tundra to the tropics
and on every continent except Antarctica. Two general
categories of wetlands are recognized: coastal wetlands and
inland wetlands. Often called "nurseries of life," wetlands
provide habitat for thousands of species of aquatic and
terrestrial plants and animals. Although wetlands are best
known for being home to water lilies, turtles, frogs, snakes,
alligators, and crocodiles, they also provide important
habitats for waterfowl, fish, and mammals. Migrating birds
use wetlands to rest and feed during their cross-continental
journeys and as nesting sites when they are at home. As a
result, wetland loss has a serious impact on these species.

Types of Wetlands:

MARSHES are wetlands dominated by soft-stemmed
vegetation. They are sometimes saturated, flooded, or
ponded with water and characterized by grasses adapted to
wet soil conditions. Marshes are further characterized as
tidal marshes and non-tidal marshes. SWAMPS are wetlands
dominated by trees and other woody plants. Swamps occur
in either freshwater or saltwater floodplains. They are
characterized by very wet soils during the growing season
and standing water during certain times of the year. Well-
known swamps include Georgia's Okefenokee Swamp and
Virginia's Great Dismal Swamp.

BOGS are freshwater wetlands characterized by spongy peat
deposits, evergreen trees and shrubs, and a floor covered by
a thick carpet of sphagnum moss, These systems, whose only




wnrld, comparable to tropical rain forests and coral reefs in
their productivity and the diversity of species they support.
Aquatic plant life flourishes in the nutrient-rich environment
andl energy converted by the plants is passed up the food ’
-::hal.n‘ to fish, waterfowl, and other wildlife and us as well. In
addition to the biological productivity of wetlands, an acre of
wgﬂand can store 1-1.5 million gallons of floodwater.
Although wetlands keep only about 5% of the land surface in
the conterminous United States, they are home to 31% of
our Qlant species and support one-third of all endangered
species. Wetlands are found on all continents except
Antarctica and their diversity is as broad as their geographic
accurrences. Read on for more specific functions and values
of wetland ecosystems.

Functions of a Wetland:

1) Absorption and storage of floodwaters and groundwater
recharge in dry periods Protection of coastlines from high
energy open ocean waves

2)Slowing of water velocity so sediments may settle out
thereby improving water quality.

3)Filtering and removal of excess nutrients and toxins by
wetland soils and plants Providing nurseries for juveniles of
;;ny aquatic species including most commercially harvested
4)Providing habitat for many upland species such as raccoons

and u.::lee*: as well as habitat for sensitive wetland-dependent
species like salamanders.

Value of Wetlands to Humans:

Alternately, the value of a wetland is an estimate of the
importance or worth of one or more of its functions to
society. For example, a value can be determined by the
revenue generated from the sale of fish that depend on the
wetland, by the tourist dollars associated with the wetland,
or by public support for protecting fish and wildlife. Although
large-scale benefits of functions can be valued, determining
the value of individual wetlands is difficult because they
differ widely and do not all perform the same functions or

perform functions equally well.
What is Wetland Restoration?

Wetlands are one of the most valuable and fragile
components of a watershed, but for many years they were
filled and drained for agriculture and development. Now we
are learning that wetlands are crucial to the health of our
waters and wildlife. Wetland restoration, the renewal of
natural and historical wetlands that have been lost, is a
growing activity. It can improve water quality and wildlife
habitat across the nation.

Conclusion of wetlands:




of precipitation in the region governs the forest’s
development. If there is adequate rain for the growth of
trees, then a forest will typically develop. Otherwise, the
region will turn into grasslands.

Tropical rainforest ecosystem:

Tropical rainforests are one of the most vital forest
ecosystems on Earth. These outstanding ecologies are homes
to countless species of animals and plants. Rainforests not
only have high biodiversity of plants but are also fully packed
with tall trees that create a ceiling (canopy) from the sun
above. This ceiling stops smaller plants on the forest floor
from growing, but in some parts where sunlight makes it to
the surface, are filled with fascinating plants. These plants
are considered the "understory” or the shrub layer of a
forest.

Boreal/Taiga Forest ecosystem:

« Boreal forest ecosystem is the collective green stretch of
deciduous and coniferous forest that surrounds a big share of
the Northern Hemisphere. In North America, boreal forest
lands expand across the majority of nerthern Canada and
into Alaska. It has been recognized as one of the Earth's great
forest ecosystems for a long time.

* This forest ecosystem spreads over about 35% of Canada's
landmass and is the single biggest land-based ecosystem in
North America. It furthermore comprises a considerable
amount of Canada's biodiversity and has long been

documented as a central global carbon sink. Although we
don't, being such a major carbon sink should, in itself, be
considered an ecosystem service for the benefit of mankind!
Although the boreal is comparatively unfamiliar, it is central
as the "great lung” of North America. This forest ecosystem
houses the biggest and tiniest mammal species (such as the
wood bison and pygmy shrews respectively).

» Boreal forest has various natural resource components.
Ripe with large lakes and northern rivers; huge swamps,
bogs, and other organic marshes. The abundant biological
diversity of the Boreal is a delight to see: lynx and caribous,
cranes and bison, owls, woodpeckers with three toes instead
of four, multicolour wood warblers, and beetles.

The Boreal has more than 5,000 species of visible and vibrant
fungi, illustrious far more in Siberia and Scandinavia than in
North America. Then there are the exquisite old-growth
forests, the lushest and most biologically varied of the Boreal
Forest groups that are vital for a lot of Boreal species.

Savanna forest ecosystem:

The Savanna ecosystem is generally found in South America,
Australia, and Africa.

Savanna forests are quite vulnerable to forest fires; on the
other hand, it has characterized by the ability to re-grow
much faster,

The landscapes of the Savanna Forest ecosystem are covered
with large areas of green lands, bushes & clusters of feeble
trees.

Characteristics of a forest ecosystem:




2. Ecological Functions: Forests play an important role in
maintaining ecological factors such as climate, carbon
storage, nutrient cycling, and rainfall,

3. Culture and Social Benefits: The tribal people who live in
the forests treat forests as nature goddesses. The traditional
beliefs and spirituality save wild animals from hunting and
cutting down of trees by urban people. Few modern people
visit forests for recreation.

Threats to forest ecosystem:

» Deforestation
One of the major challenges faced by the forest ecosystem is
deforestation. Deforestation is nothing but cutting the
forests for some other purpose other than for forest use.
Huge amounts of forests are cut down every year by the
state governments for agriculture, settlements, constructing
multipurpose projects, etc.

Some contractors even do illegal deforestation for monetary
benefits. As a result of deforestation, the quality of soil also
gets degraded because of
soil erasion which in turn
cannot sustain forests
further.

Barren Quality:

Nearly half of the forests in
india are there only for the
namesake. Only the
remaining half of the forests
have a green cover, If we

remove the barren forests from the list of forests, the ratio of
forests to land in India will be around 11%, which is far short
of the current estimate. So, it is important to grow forests to
increase the ratio further. Construction of Multipurpose
Projects

Forests are being cleared by the State Governments for
constructing multipurpose projects and their associated
canals. To support these projects, additional infrastructure is
provided like constructing roads, buildings, etc. Similarly,
roads are constructed for transportation facilities which in
turn leads to the fragmentation of forests.

e Jhumming or Shifting Cultivation

The tribal people generally practice shifting cultivation where
crops are grown for one or two years afier clearing the forest
areas and when the fertility of the soil gets exhausted, they
move to newer farest areas. Similarly, to earn a livelihood,
iribal people exploit forest wealth.

* Forest Fires

Though forest fires are not major threat to forests in India
they are a common phenomenon the world over. Forest fires
that happen either due to natural or man-made causes
destroy the forests and hence cause deforestation.

Conservation of Forest:
Conservation of forests is the practice of planting mare trees
and maintaining the forested areas for sustainability for
future generations. Forests are an important natural resource
and are beneficial to humans in several ways. But due to




» The mouths of the Mississippi, Columbia and Hudson
rivers are examples of salt wedge estuaries.

* Salt marsh grasses, algae, and phytoplankton are the e The water circulation is controlled by the river that
pushes back the seawater. This circulation creates a

major producer.
e Many species of annelids, oysters, crabs, and fish are sharp boundary that separates an upper less salty layer
present. IJ from an intruding wedge-shaped salty bottom layer.

* Many marine invertebrates and fish breed in estuaries f iord
or migrate through them to freshwater habitats | Flor i ; ,
! e Fjord type estuaries are characterized by a deep

combinations. Estuaries have diverse flora and fauna and
tremendous productivity:

upstream. _ Enale
v g e o e S S e ———.
vertebrates use estuaries as feeding areas. artt _ asin 1r :
* Human activities are having a large impact on estuaries. * :L?:Ld;:i‘?;z?‘g?:rm Eef”“z”dlam:g glaciated coasts
Estuaries receive the pollutants dumped into the ' v VLD BT
streams and rivers that feed them. o Th_e:f have moderately high river input and little tidal
 Residential and commercial development not only adds MIXINg.
to pollution but eliminates some estuaries due to land Slightly Stratified or Partially Mixed Estuary
filling.
e Partially mixed estuaries have a tidal flow that provides
Freshwater from rivers sometimes moves with large | a means of easing the salt wedge.
» Deeper estuaries such as Puget Sound and San Francisco

freshwater bodies as the Great Lakes creating a "freshwater

estuary” that functions like typical brackish estuaries. | Bayare examples.or partially mixed estuaries.

* The salt water is mixed upward and fresh water is
mixed downward.

Estuary Classification by Water Circulation freshwater-
» The lower layers of water typically remain saltier than

The amount of circulation affects the salt distribution and
salinity concentrations salt-wedge, fjord, slightly stratified, the upper layers
vertically mixed, Fresh Water.

Vertically Stratified or Well Mixed Estuaries
* Well-mixed estuaries have strong tidal mixing and low

Salt-Wedge Estuaries
* Salt wedge estuaries occur when the mouth of a river river flow that mix the sea water throughout the shallow

flows directly into salt water.

estuary.




e Mudflat characteristics are defined by their specific
combination of sand, silt, clay and organic matter
content.

e Organisms best suited for the mud flat are burrowers.

Tidal Stream
e Tidal streams are highly productive transitional areas

between the freshwater of rivers and the saltwaters of

bays.

e Tidal streams serve as nurseries for many fish and
shellfish, including several species important for
commerce and recreation.

e Many macroinvertebrates are often present

Barrier Beaches

e Barrier Beaches are spits of sand that form parallel to
the shore.

¢ Pounding waves, shifting sands, strong winds, and
saline soils make living on the beach difficult.

e Microscopic and larger animals have adapted to life
under the sand to escape the harsh conditions at the
surface by burrowing into the sand.

e Low, sprawling root systems help hold the plants in
place as winds blow and sands shift.

¢ Thick leathery or hairy leaves help reduce water loss.

Salt Marshes

¢ Salt marsh are wetland flooded regularly by tidal,
brackish water.

e Sediment in the salt marsh often has a high salt
content.

POINT AND NON-POINT SOURCE POLLUTION:

e Pollutants pose a large threat to estuarine organisms.
e Pollutants are introduced into estuaries from either
point sources or non-point sources.
| * Point sources are clearly defined, localized inputs such
as pipes, industrial plants, sewer systems, oil spills from
| tankers, and the state governments regulate them.
e Non-point sources are indistinct inputs that do not have
| a clearly defined source, such as runoff of petroleum
products from roadways or pesticides from farmland
| Estuary Preservation.
e Ensuring the health of our estuaries is vital to the
survival of the plant and animal communities that
call them home and the humans that depend on them
for their way of life.
¢ A majority of pollutants find their wat into estuaries
from non-point sources.
+ Non-point sources are harder to detect and to control.

e Reduction of pollution requires substantial individuals
and collective efforts.

ESTUARY PRESERVATION

i Ensuring the health of our estuaries is vital to the survival of
the plant and animal communities that all of home and the
humans that depend on them for their way of life.
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Pond Ecosystem

The ecosystem is a basic unit in ecology, formed by the interaction of plants
animals and microorzamsms forming hiotic factors with their physical environment or
thie abiotic Factars. A pond scogystem refers fo the freshwaler ceosystem: where there
are ‘communities: of organisms that are dependent on each other and with the
prevailing water environment for their nutrienis and survival. Usually, ponds nre
shallow (hardly 12 = 15 feet) water bodies in which sunhight can reach 0 its bottom,
permitting the growth of the plants that grow there. On the basis of water depth and
types of vegstation and animuls there may be three zones in 2 hke or pond, The
different zones dre as follaws:
1. Littomal
11 himnetic
[1L pro-fundal

| Littoral zone — It is the shallow
water regiony which 05 usually
occupied by raoted plams:

II. Limnetic-zone- ranges from (he
shallow 1o ihe depth of effective
light penetration  wnd  dssocitted
prganisms  are small  coustageans, G- 3.0 Dellerint i 8 i e e

rotifers, insects; und their larvae and algee, '

Il Pro-fandal zone- It is the deep-witer puris where there is no eficctive hight
pebetration, The nssoctated ergatiism dre mussels, crab, worms ole.

The organisms inhubiting this freshiwnter ecosystem include algae, fung,
ficroorganisms, plants ond fish These organisms can be further clussified os
producers, consumers wnd decamposers. based on their mode of obtuining AUIrtion.
‘I'he energy in an ccosvstem flows from the prodycers to the consumers. Decomposers,
o thie other hand, get nuirients from the dead organisms by decomposing them Two
main components of pand eeosystems are as follows-

1. Biotie component
2 Abiotie component

Producers o |
The muin producers in pond or lake ecosystem are algae and other aguatic

plants, such s Azolly, Hydrilla, Potienogeton, Pistin, Wolffia, Lemnu, Eichhomia,
Nymphaea, Jussiaéa, ¢tc. These are either flonting or suspended or rooted ul the
bottom. The green plands convert the mdint energy into chemical energy through

php_wu.[ﬁis. The chemical energy stored in the form of food 1s utilized by all the
organisms. Oxygen evolved by producers in photasynthesis is ulilized by all the living
QIZANISMS N respiration.

Consumers

lna pond ecosystem, the primary consumers are tadpole larvae of frogs, fishes
and other aguatic animals which coilsume green plants and alsse 85 their food These
herbivorous aquatic animals.are the food of secondary consumers Frogs, big fishes,
witer snakes. crabs dre secondury consumers. In the pond. besides the secondary
consunmers, there are consumess of highest order, such as water-birds, turthes. ote.

Pecompaosers and Transformers

When aquatic plants and animals die, a large number of bacteria and funai
aitaek ther dead bodies and convert the complex organic substances mio sumpler
morganic compounds und elements. These micro-orpanisms are called decomposers
dmimcnl elements liberted by decomposers are again utilized by green plants in their
nutnbion.

Abiotic component
Abiotie factors are non-living 10

factors that can have an impact on
the ccosystem The mam factors of
pomeds mclude  water  quality,
pemperature, light, soil, and sensonal
chunge. Water 5 an  important
ahiotic factor. The quality of water is
erucisl for living arganisms in the
pond. The temperuture could impact
the ecosystem f they are at the
extremos. Water that 15 too hot will
not have as much oxygen for the fish
and they will m return become weak and prone o parasites and discases. Too low of &
water temperature also puls the aquatic ecosystem under stress and the fish can dic off
in large amounts. pH is also taken into consideration because 100 low or 1o high of
acidity in the water can clog o fish's gills and reproduvction will be more challenging
The lay of the lund and the soil is of importance as well. The soil neads 1o conliin
encugh moisture  keep the sumounding plants alive, It the soil or ground is dry. it s
less likely to sustam o live or growing plant in' comparison to moist, fertile soil that
will help the plant stay afive. Light 15 also on abiotic factor in this ecosysiem. The
plants need light for photesynthesis so they can produce oxygen not only above the

‘water but below as well to sustain healihy oxygen levels for aquatic crganisms Fish




Attempls to place fragments of knowledge of the structure of the niverine biota into a
holistic framework started with Shelford in 1911, Bur the first -effort to integrate the
biological structure of fish communities as a function of abiotic hydrological factors (river
slope velocity) was proposed by Huet in 1949, A large step which exceeded the actual level
of advancement of river ecolozy was proposed by Hynes (1970)—that rivers should be
analyzed from a watershed perspective. The next serious development occurred as a shift
from "structural” thinking (Species composition in nver zones) o “functional" thinking
(production to respimation mtio) in the holistic framework of the River Continuum. This was
extended by the concepts of nuirient spiralling (Webster, Patten 1979) and the Dood pulse
(Junk e al. 1989), All (hese ideas were defined through syntheses of experimental and
eonceptual efforts, and some of the most notable are detaiied below.

One might be considered especially in relation to the genesis of Ecohydrology (Zalewski
et al 1997). Zalewski and Naiman (1985) suggested, considering the regulatory mechanisms
for fish communities in nvers, that "abiotic factors (hydrology) were of primary importance
in most situations but when the énvironmental conditions ‘apgroach the physiological
optimum for fish and become stable and predictable, the role of biotic interactions gradually
increases” (the Abiotic-Biotic Regulatory Concept). A substantial change, expressing a new
proactive attitude in ecological/environmental thinking, brought also the cansideration of the
role of the landscape in mitigating human impacts—namely, managing land/water buffering
zones (UNESCO MAB Programme). For the first time this concept of the manipulation of the
structure of the biota (ecotones) was considered for management; restoration and implicitly
for conservation: All above efforts created the background against which the Ecohydrology
Concept was formulated and developed over the lifetime of UNESCO [HP-V, 1997-2001.
The concept provides a holistic integrative and interdisciplinary approach for scientific
research and watershed management.

Ecohydrology -
An integrative and interdisciplinary approach for scientific research and watershed
management.

In the face of increasing pressure on freshwater resources, theré remains an urgent
need for new practical tools to achieve their sustainable management. Traditional water
management does not consider the use of ecosystem processes as a potential management
tool. For the above reasons, the UNESCO Intemnational Hydrological Programme (THP)
initiated an miegratve theme of activitics to achieve an increased understanding of
hydrological and ecologival processes in water ecosystems. This was defined as
"Ecohydrology”. Ecohydrology iy a sub discipline of hydrology focused on ecological
aspect of hydrological eyele.

As faras hydrological cycle posses the terrestrial and aquatic phnse; which by specific
methods differs, it should be distinguish in literature as the terrestrial and aquatic
ecohvdrology. Terrestrial phase focuses on water-plant-soil inferdctions (Eagleson 1982, Bird
& Wilby 1999, Rodriguez-Tiurbe 2000). Aquatic phase integrates progress in limnology and

oteanography (coastal zone ecohydrology) into hydrology for problem solving in water

. management (Zalewski ef al. 1997, 2000, 2002, Wolanski ef al. 2004). During the genesis of

ccohydrology, it was concluded that the key questions to integrate biota and hydrology
should meei the two following fundamental conditions:

1. They should be related to the dynamies of two entities in such a way that the answer
without consideration of one of the two components (both ways E«— H) would be
impossible: In other words, this question should enable the defining of relationships
between hydrological and biological processes in order to obtain comprehensive
empirical data at the same spatial and temporal scales.

. The results of the empirical analysis should test the whole range of processes (from
molecular to catchment scale), should enable their spatial/temporal integration, and
should be convertible to large-scale management measures in order to enable further
testing of the hypotheses. Taking into aceount the above conditions, the key questions
for ecohydrology have been defined based on an in-depth understanding of the
interplay between biological and hydrological processes and the factors that regulate
and shape them, The hypotheses have been defined in the form of the following
statemently:

Hypothesis Hl: "The regulation of hydrological parumeters in an gcosystem or catchment
can be applied for controlling biological processes™.
Hypothesis H2: "The shaping of the biological structure of an ecosystem(s) in a catchment

can be applied toregulating hydrological processes”.

Hypothesis H3: "Both types of regulation integrated at a catchment scale and in a synergistic
wiay can be applied to the sustainable development of freshwater resources, measured as the
improvement of water quality and quantity (providing ecosystem services)". It should be
siressed that sccording to the Ecohydrology Concept, the overall goal defined in the above
hypotheses is the sustainable managerment of water resources, This should be focussd on the
enhancement of ccosystem carrying capacity for ecosystem services and anthropogenic
dress, Such an interdisciplinary, mtegrative approach provides the background to convert
environmenital threats into sustainable development.

So far, the dominant approach in environmental management, based upon descriptive
science, over-engimneering of the natural environment and often spatially restricted
environmental conservation, leads to continuing global environmental detenorahon. A
solution to this dilemma requires both technical and environmental sciences, The target for
technical sciences has been recently suggested by Von Weizsacker er ol (1997), as ‘a factor
of 4*. This means the technical capability exists to redice by four times the use of energy and
raw materials per unit of growth per capita. This will substantially reduce emission of
pollutants to the nvironment but maintain progress in living conditions for global population.
This solution alone is not sufficient because of the scale of the degradation of our planet’s
hydrological and biogeochemical cycles. Environmental science needs both a target and a
means of achieving it. The progress in understanding the functioning of ecosystems over the
last 10 years has improved our understanding of ecological processes (e.g.,), to the point




Wetland

A wetland is an arca where witler covers the soil, or is present cither af or aear the
surface of the soil all year or for varying periads of time during the year, inchiding during the
growing season. Water largely determines how the soil develops and the types of plant and
animal commumties living i 4nd on the soil. Wetlands may support both squafic and land
species, The prolonged presence of water creates conditinns that favor the erowth of specially
adapted plants and promotes the developiient of charactsristio wetkand sails

Wetlandy vary widely because of regional and loca) differences in soils, topography,
climate, water, vegetation and ‘other fictors, including hiuman disturbance. Indeed, wetlands ass
found from the tundid to the mopios and on every continent except Antaretica. Two gonerad
categunies of wetlands are reognized; coastal wetlands and infand wetlands: Although wetbunds
are often wel. & wetland might tot be wel vedr-round. In fact, some of the most important
wetlands are only seasonnlly wer, Wetluneds are the link between the land sod the water. Thisy dre
transition zones where the How of water, the cveting of nutrients; and the encrgy of the s mest
to' procuce-u unigue ccvsystem eharacterized by hydvology, soils, and vepciation—niaking these
areas very imporfant fentures of & watershed. Using a watershed-based sggrooch to wetland
protection ensires thil the whole system, including land, sir, ond waler resources, is probected
Ofien called “mirseries of life,” wtkands jrovide habitat for thonsands of species of aquatic ind
rc_rriluu‘iiﬂ plaits and animnls. Although wetlands ore best known for being home to water files,
turtles, frogs, smikes, alligators, and crogodiles, they also provide mmporti habitst for waterfowl,
fish. and mammala. Migrating birds wse wetlands to fest and fepd during their eross-continenial
journeys woll 45 sesting sites when they are at home, As a result, wethid s has a serious
inpact on these species, Habital ruin since the 1970y has been a leading canse of species
extinghon,

Wetlands do more than provide habitat for plants and aninals in the watershed. When
streamy ind rivers overflow, wetlands help to abworb and dlow foodwaters. This ability to confrol
(oods can alleviate property damige and loss and can even: save lives. Wetlands also alisorb
exeess nutionts, sediment, and otber pollutants before thev rench rivers, lakes, and other
witerbodies. They ire yreat spots for fshing, cattoetng, hiking, und bird-walching, and they ke
wonderful outdoar ¢lusstoims for poople of all apes.

Types of Wetlands

Do you think all wetlands wre the same!) Think agam. Each wetlad differs die to
vawintions n soils, fandscape. olinmate, witer, vegetition, and buman disurhance. Wellimds lound
i the United Stutes ioelade: marshes, swaips, bops, fons, vertnl pools, and pralrie potholes, 1o
nie i lew,

MARBHES are wetlinds domimated by soft-stemmed vopetution. They are somelimes
suturnted, floaded, or ponded with witer and charcterized by grasses adapted to wet soil
comditions. Mavshes are Barthor chariteiize s tidal muorshes and non-tida] marshes

Tidal (eoastal) marshes accur slong coastins - |

and are mfluénced by tides and often by

freshwater from nUnolT, Ver, 07 S . o i———————
Salt mshes are the most commen types of M
pidal masshes ond e chamcterized by salt '

tolernnt planis. Salt marshes bave ome of the

highest rates of prductivity among wetland

conaystams Because of the inflow of merients.

from smince mndlor tidal water.  Tidal

freshnvater mipshes are located upstream of

estiancs. Tides influence waker levels but the

waiter is fredh The Inck of salt stress allows a greater diversity of plants to thrive. Cattail, wild
rice, pickeretweed, and anowhead are common and help seppor 2 lerge snd diverse mnge of bird
and fish species, amoty other wildlife.

Non-tidal (intand) marshes are also domnated p
by soft-stcmmed low plauts and frequently ocour |

in pootly drained depressions, floodplains, and
aliallow witker areas alomg the edges of Takes and
nvers  These  freshwaler marshes are
chamcterzed by periodic or permanent shallow
witer. They tyvpically denve most of their water
from surface waters, inclnding Moodwater wd
mnoff, bt do receve ground water mputs.
Major regons of the United States that suppor
inkind marshes inchude the Great Lakes consial marshies, the praine pothole region, and he
Florida Everplndes.

SWAMPS are wetlands dominated by tiees and other woody plants. Swinngs occur it either
freshwater or saltwater floodplnins. They are chamctenzzed by very wet soils during the growing
season dnd smnding water during certan times of the vear Well-known swamps melpde
Gieorgin's Okelenokes Swinnp and Vieginia's Great Dismal Swamp, Swamps are classified oy
forested, shrob, or mumprove. Forested swamps are foumd in broad flpodplains of the northeas:,
soiheast, mnd sputh-central United Stmes and recerve floodwiter from nearby nvers ind streams.
Common deciduous trees found in these drcas incluide bald cypress, swimp white oak, and red
maple. Shrub swamps are similat to forested swamps excopt that shirubby species like buttonbush
and swamp rose donunate. Mangrove swamps arc comstal wetlmds chunctermecd by sali<tolerant
trees, shirubs, and othir plants growitg 1o brackh 1o saline tidal wisters

BOGS aie freshwater wetlards chamactenzed by sponpy peat deposits, evergreen wees mul
shrubs, and & foor covered by a thick carpet of sphignum mess. These systems, whose only
water source 1S rafnwater, are wsually found m glacinted micas, often i obd glacial lakes, of the
porthorm United Sintes

FENS are (reshwnter pent-forming wetlands covered modtly by mowsses, sodped, neods, nd
wildflowers. Like bogs, mast fens formed when glaciers retrented. Unlike bogs, fens rootive




FOREST ECOSYSTEMS

While trees sometimes stand alone, most ofien they are part of a community called a
forest, Forests consist not only of living (Blotic) components like trées, animals, piants, and
other living things bui also of nonliving (abiotic) components such as seil, water, air, and
landforms. All of these omponents together make up a forest ecosystem.

Systems
Forests are more than collections of living and nonliving things found in the same
place. Therr many components are connected to each other as food chains of
interdependence. Food chains move the basic reguirements for life—energy, water, carbon,
air, and nutrients—in a series of connections and processes. All food chains consist of:
Producers—organisms that
produce enesgy
Consumers—organisms
that cansume producers and
other consumers
Decomposers—organisms
that consumé producers and
consumers, and provide
nuirients ino  the soil
Applying the system above

to a simple real-world
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example is as follows: dﬁrﬂnmqummmm:wMiu:Mmmmmmﬂdmhmh
Producer: grass (produces

energy from the sun and nutrients)

Consumer: deer (eats prass)

Decomposer: worms (cats deer, creates nutrients from which grasses can grow): The sun
provides energy to the forest Trees and other plants (producers) use photosynthesis Lo
transform the sun’s energy into glucose (sugars), |

Consumers—plant-eating animals such as caterpillars, chickadees, and deer, and animial
cating predators such as coyotes, woodpeckers, and spiders—get their encrgy from other
living things. Decomposers such as sowbugs, fungi, and bacteria get their energy from dead
plants and amimals. -

Severnl food chains linked togethér are known as a food web. Every collaction of
individuals, connections, or processes that regularly interacts and depends on other
individuals, connections, or processes forms a unified whole called a system. While each
syatem depends on all other systems, when change oceurs (as it always does), the web adapts
and adjusts, flexibly. Oxygen, carbon dioxide, water, and nitrogen all move in natural cveles
through the forest. Along with carbon dioxide (from the air) and water (from the soil), eneray
from the sun triggers photosynthesis 1n plants; which produces oxygen. Then, plants and
animals use oxygen and respire carbon dioxide and water. Water cycles from the sky to eurth
and back again, often after spending days, months; or years cycling through lakes, tivers,

groundwater reservoirs, and living things. Nitrogen and other nutrients cycle among soil,
water, air, and living things. As you can see, numerous cycles overlap and depend on each
other to keep in balénce Everything in the forest is connected to everything else. That means
it is impossible to make a change in just onc part of the system. Any alteration, whether
intentional or accidental, will have effects that ripple throughout the entire ecosystem,

Layers

Many forests contam several different heights or layers of plants. And, as different
animals are often found within each layer, the diversity of animals is often related to plant
diversity in the forest. Imagine, for a moment, stunding in a sun-filtered stand of mature
aspen nterspersed with a few white and red pines, remnants of the great northern forest that
once stretched across the brow of Minnesota. Some 60 feet (18 meters) above you, resides the
top layer, or canopy, of the forest The canopy contains literally millions of leaves busily
photosynthesizing sunlight, carbon dioxide, and water to create oxygen and sugar. In turn, all
orgamisms depend on oxygen and sugar for survival. Some of the animals that dwell in the
canopy include eagles, bats, and insects. In the understory, where the tops of smaller trees
ahsorb whatever sunlight reaches them, a variety of birds and smaller mammals such as
warblers and red squirrels eat their suppers and make their nests. Beneath that, in the head-
high shrub layer made up of saplings and smaller woody plants such as alder and
chokecherry, berries and berry-¢aters abound

Also in the shrub layer reside browsers such as white-tmiled deer, black flies, and

mogquitoss. Even lower, in the kerb layer, seedlings, prasses, and forbs—non-woody plants
such ss ferns, sedges, and wildflowers—live and die, providing food und habitat in the
process for mice, insects, snakes, and more, The forest flpor, though not their exclusive
home, is the kingdom of the decomposers such as insects, bacteria, and fungi. Decomposers
break down the bodies of plants and animals into nutrients; which combinge with eroded rock
to creale rich soil. This soil intum provides the nutrients and moisture that trees and other
plants need to thrive—and the cycle begins again.

Lives in the Forest

The animals of Minnesota’s forests come in many sizes and shapes, from tiny mites
that inhabit the soil to towering moose and bulky bears: Same with plants, which can be ag
minute as mosses or lichen or as furge as giant oaks, They all have one thing in common: they
all tely on the forest setting, or hubitat, for food, water, shelter, and space. Some animals and
plants are ndapted to very narrow ranges of conditions in which they are able to live These
animals are called specialists. The Canoda lynx, for instance, needs large tracts of relatively
undeveloped forests for hunting. 1f roads or development fragment a forest, the reclusive lynx
may not be able to roum through all of its territory, limiting its ability to access food, water,
shelter, or a mate. Other forest inhabitants, called generalists, thrive in a wide range of
habitat types. One such creature is the highly adaptable raccoon, which is as much at home




as bavs. lagoons, sounds or

Estuary Classification by Water Circulation: - sli-wedge, fiord, slightly
stratified, vermically mixed, freshwater - The amount of circulation affuits the salt distribution
and salipity concentrutions Sult-Wedpe Estuaries ) Salt wedpe estuaries oceur when the
mouth ol a river llows directly into sall water '

ESTUARY ECOLOGY

Estuaries

An gstiary 1§ the areas of water
and  shoreline  where @
freshwater stream’ or  river
merges with the ocean

Estuaries can  be¢  partially
enclosed body of water (such

sloughs) whore two different
bodies of water meet and mix
They ofien bordered by salt
marshes or intertidal mudflue
Salinity  wvarics  within  the
estuary from nearly fresh waiter 10 ocetn wWater

[t also varies daily in these areas due to rise and fall of tides

They are very pradictive due fo nutrients brotght m by rivers

A unique combination of salt and fresh water creates vatiety of habitats in which the
plants and animals survive in various brackish waler combinations

Estuaries huve a diverse floraand fauna and tremendous productivity

Salt marsh grasids, alpue, and phytoplankion are the mujor producers many spedies of
annclids, oysters, crabs, and fish are present Many marine invertebrates nd fish breed
in estuaries or migrate through them to freshwater habuats upstream

A large number of water fow! and other senu-aquatic verehrites use estuaries as
l‘lﬁdiﬂg—ﬂmﬂs

Human actiyities ure having a large impact on cstusries Estuaries receive the

pollutants dumped into the stretms and rivers that teed them
Residential and commercial development niot only ‘hdds o pollution but eliminates
some estuaries dud to land filling

Freshwater from rivers sometimes mixes with large freshwater bodies as the réa
Lukes creating a "freshwater estuary" that functions like tvpical brackish estusries

The mouths of the Mississippi, Columbia and Hudson rivers are examples of salt
wedpe estunnes.

The water circulation is controlled by the river thit pushes back the scawater

This circulation creates a sharp boundary that separates an upper less salty laver from
an infruding wedge-shaped salty bottom laver,

Fjord

Freshwater Estuaries

Fjord type estuaries are charactenzed by a deep clongated basin that 18 U-shipad and
a ledge orbarrier that separates the basin from the sea.

Fjord type estuaries are found along glaciated coasts such as British Columbia,
Alnska, Chile, New Zealand, and the Scandinavian countries

They kave moderately high nver idput and little Gdpl mixing Slightly Stratified or
Partudlly Mixed Gstupry '

Partially mixed estaries have n tidal flow that provides o means of érasing the salt
wedge,

Deeper estuanes such as Poget Sound and San Francisco Bay are examples of
partially mixed ¢stuaries

The salt water is mixed upward and fresh water is mixed downward

The lower layers of water typically remain saltier than the upper layers Vertically
Stratified or Well Mixed Estuanes

Well-mixed estuaries have strong tida) mixing and low river Dow thar mix the sea
water throughour the shallow estusiry,

Shallow estunries such as the Delaware Bay are well-mixed estuaries

The mixing 1586 complete that the salinity: s the same top to bottom and decreases
from the ocean 1o the river

Freshwaler  esluanies  occour
whitre  massive  freshwafer
systems, as the Grear Lakes; are
diluted by nvet or Sream
witers draining from, adjacent
lands

Freshwater  estuanes do  not
comtain saltwater, but they are
unique combinaions of river
and lake water, which are
chemically distinet

freshwater estuarics are storm-
driven while brackish estoaries (hat are tidally driven

Storm surges and subsequent seiches (vertical oserlkitions, or sloshing, of lake waler)
regulate the composition of the estusry waler

Fhough the Great Lakes do exhibit small tides, Seiches acting like tides, exchanging
wiiter between the river and the lake

Changes in temperatnre differences between stream waiter and lake wators can canes
stintification and mixing ol the waler

Shallow waters of streams respond more quickly to changes in (émpemture chanaes
than decper lake waters influencing the chemistry such as ils salinity, dissolved
oxygen, and pH the of the water of the river and the large lake Liake Superior Estunry




Kelp Forests
» Kelp Forests oceur in cold, nutrient-rich water of shallow open coastal waters
* Dependence upor light for photdsynthesis restricts them (o clear shallow waigér
o They are rarely much deeper than

15-4m

= Kelp plants attach o the rocky
bottom with tough holdfasts and
grow up towards the surface on
strong flexible stipes that are
buoyed by s bladders,

e When the fast growing fronds
reach the surfice, they spread
horizontally to form the kelp
lorest canopy — some specics can
grow 30 cin per day

s Kelp forests are very productive and support areas of high plant biomass

o Theyare nch inammal specics Rocky Shorelines and Boltoms:

= Rocky shores and bottoms have hard surfaces made of stones, boulders-and badrock.

e These habatats are found aloig our west and northéast consts

» They deal with muy have high waves and strong high enesgy winds

= Flooding occurs only when the tide goes out

Soft Shores and Bottoms

e Sofi shores and bottoms are low-lying sand beuches, muddy shores and mudflats
made of sedimenis that have mixed with detritus (think of muck or ooze)

= Soft sharc and botlom habitals are found-along consts across the country.

e Some contun submerged and upland vegetation, some do not.

s Many different benthic communities or bottom dwellers flourigh in the sofi shores and

bottoms including burrowing worms, snails, erabs and ¢lums

Submerged Aquatic Vegetation
+ Submerged aquatic vegetition, also called SAV, are beds of teafy rooted. grass-like
plants with tiny flowers, found m shallow waters where light can penctrate.
e SAV s found along coasts across the county
e They survive underwater subtidal areas'or inareas that are both flooded and partially
exposed by the tides (intertidal areas)

Coastal Marshes

Coastal murshes wre compised -q"l——— —
of upright plants that live above
the water surfuce, often with
their roots submerged

Coastal marshes  are  found
across the county

Seme exampley of coastal marsh
pluls are cattails, wrasses; and
sedges Mungroves or Mangrove
Forests

Various kinds of treeg up to
medium height and shrubs that
prow in saline coastdl sediment habitats in the tropics and subtropics

Mungroves are trees that can survive in very salty arcas

Thise Torests grow along the coasts of the Guif of Mexsico and 1n the Canibbean
Mangroves grow: in clusters and their roots form a complex maze along the base of
hee trees

They are: commonly identificd by their unique roats which praject figm thie muddy
bottoms at the shore to the tree’s trunk coast | '

Deepwater Swamps and Riverine Forests

Deepwater swamps and nvering forests are flooded. forested wetlands grﬂwmg near
edges ol lakes: rvers and slugeish sireams

Deepwater coastal swamps anid rivering forests are found across the country,

They are most commmon along the Atlantic and Gulf Coasts and thronghout the
Mississippi River valley

They wre dilTerent from other forests begause they can survive indreas with prolonsed
fooding Mud Flats and Sand Flats

Mudflats-are’ part of benthic' (bottom) zone exposed at low tide and comprised of
extremely fine sediments

Sand [lats arca of bottom of aquatic system that is exposed by low tides and
composed of sand - particles of sediment larger than those of mudfats

Mudilal ¢haractensties are defined by their specific combination of sand. silt. clay and
arganic maner content

Organisms best suited for the mud flat are burrowers

Mudflats are exposed during low tides, leaving non-burrowing species open 1o
pradution.




Mixed grazing by different species of ruminants reduces heaith risks from parasitism, while
diverse local species or breeds have greater abilities to survive, produce and maintain
reproduction levels in harsh environments. Tn turn, having a variety of income sourves from
differentiated and new markets, including diverse products, local food processing -and
Agritourism, belps 1o stabilize househiold incomies. Consuming a diverse range of cereals,
pulses, fruits, vegetables, and animal-source produets contributes to improved nutritional
outcomes. Moreover, the genetic diversity of différent varieties, breeds and species is
imporiant in contributing macronutrients, micronutrients and other bicactive compounds to
human diets. For example, in Micranesia, reintroducing
an underutilized traditional variety of orange-fleshed
bnmnwhh_ﬁﬁﬁmeﬁmmbua-mmmmdmlhe
widely available commercial white-fleshed banana
proved instrumental in improving health and autrition,
At the global level, three cereal crops provide close 1o
50 percent of all calories: consumed,10 while the
genetic diversity of crops, livestock, aquatic animals
and trees continues to be rapidly logt.

AT

Agroccology can help reverse these trends by
managing and . conserving agro-biodiversity, and
responding to the increasing demand for a diversity of
products that are eco-friendly. One such cxample is
“hish-friendly’ rice produced from urigated, minfed and
deepwaler rice ecosystems, which values the diversity
of aguatic species and their imporfance for rural
livelihoods

CO-CREATION AND SHARING OF KNOWLEDGE
Agricultural innovations respond better to local challenges when they are
co-created through participatory processes.

‘Agroecology depends on context-specific knowledge. It does not offer fixed preseriptions —
rather, agroccalogical pructicey are tilored to fit the environmental, social, econpmic,
cultural and political ontext. The co-crention and sharing of knowledge plays a ventral role in
the process of developing and implementing agroscological innbvations to address challenges
aeress food systems including adaptation w elimate change.

Through the co-creation process, agroécology blends trditional and indigenous knowledge,
producers’ and tmders' practical knowledge, und global scientific knowledge.

Producer’s knowledge of agricultural biodiversity und management experience for specific
contexts as wall as their knowledge related to mirkets and institutions are absolutely central
in this process.

Education— both fermal and non-formal - plays a fundamenta) role in sharing asgroecological
innovations resulting from co-creation processes. For example, for more than 30 years, the
honzontal campesing a

campesing movement has plaved a pivotal role in sharing agroecological knowledge,
connecting hundreds of thousands of producers in Latin America In contrast, top-down
modsls of lechnology transfer have had limited suceess. Promoting participatory procagses
and institutional mnovations that build mutual trust enables (he co-creation and sharing of
knowledge, contributing to relevant and inclusive agroecology transition Pro cesses:

SYNERGIES
Building synergies enhances key functions across food systems, supporting
production and multiple ecosystem services.

Agrascology pays careful attention to the design of
diversified systems that selectively combine anmual and
perennial crops, livestock and aquatic animals, treas,
soils, water and other components on farms and
agricultural landscapes 1o enhance synergies in the
context of an increasingly changing climare. Building
synecgies in food systems delivers multiple benefits. By
optimizing  biclogical  synergies, groecological
practices enhance ecological functions, leading 1o
greater resource-use efficiency and resilience. For
example, globally, biclogical nitrogen fixation by
pulses in intercropping systems or rotations generates
clase w0 USD 10 million savings in nitrogen fertilizers
overy year,13 while contributing to soil health, climate
change mitigation and adsptation. Furthermore, about
IS pereent of the nitrogen upplied to crops comes from
livestock manure, highlighting synergien resulting from
crop-livestock integration. 14 In Asia, integrated rice systems combine rice cultivation with
the genertion of other products such us fish, ducks and trees. By maximising synergies,
integrated rice systemd significantly improve yields, dietary diversity, weed control, soil
structure and fertility, us well as providing biodiversity habitat and pest contral, At the
landsoape level, synchronization of productive sctivities in ime and space is necessary 1o
enhaniee synengies, Soil erosion control using Calliardra hedgerows is common in integrated
agroccologieal sysiems in the East African Highlands 16 In ihis example, the management
practice of periodic pruning reduces tree competition with crops grown between hedgerows
and ar the snme time provides feed for anumals, creating synergies between the different
companents. Pastoraliem and  extensive hivestock grazing bystems manage complox
intersctions between people, multi-species. herds and varable environmental conditions,
building resilience and contributing (o ccosystem services such as seed dispersal, habitg
preservation and soil ferility 17,18 While agroecological approsches dtrive to maximize
synergied, trude-offy also occur in natuml and human systems, For example, the allocation of
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Tesource use or access rights often involve trade-offs. To promote synergies within the wider
food system, and best manage: trade-offs, agroecology emphasizes the importance of
partnerships, cooperation and responsible governance, involving different actors at multiple
scales.

EFFICIENCY
Innovative agroecological practices produce more using less external
FESOuTCes,

Increased resource-use efficiency is an emergent property of agroecological systems that
carefully plan and manage diversity to creale synergies between different system
compongnis. For example, a key efficiency challenge is that léss than S0 percent of nitrogen
fertilizer added globally to cropland is converted into harvested products and the rest is lost to
the environment causing major environmenial problems. Agroecological systems improve the
use of namml resources, especially those that are abundant and free. such as solar radiation,
atmospheric carbon and nifrogen. By enhancing biological processes and recycling biomass,
nutrients and water, producers are able to use fewer external resources, reducing costs and the
negative environmental impacts of their use. Ultimately, reducing depéndency on external
resources empowers producers by mgereasing their autonomy and resilience to natural or
economic shocks,

One way to measure the efficiency of integrated systems is by using Land Equivalent Ratios
(LER). LER compares Ihr. yields from growing two or more components (e.g crops, trees,
animals) together with yields from growing the same components individually. Tntegrated
agroecological systems frequently demonstrate higher LERs. Agroccology thus promotes
agnoultural systems With the necessary biological, socio-economic and institutional diversity
and alignment in time and space 1o support greater efficiency.

RECYCLING

More recycling means agriculfural production with lower economic and
environmengal cosis.

Wasie is a human concept — it does not

exist in nafural ecosystems, By imitating '
matural  ecosystems,  agroecological -
pmﬁlil.‘-&ﬂ SI.Ip]:I-D.I'l hlﬂlﬂﬂiﬂﬂl me AT

that drive the recycling of nutrients,
biomass. and water within production
systems, thereby increasing resourceuse
efficiency and mimmizing waste and
pollution.

Recyeling can take place at both farm-
scale and within landscapes, thriigh
diversification and building of synergies
between different components and
sctivities.

For example, agroforestry systems that

Q= SRy AN
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include deep rooting trees can capture nutrients lost beyond the roots of annual crops2]
Crop-livestock systems promote recycling of organic materials by using munure for
composting or directly as fertilizer, and crop residues

and by-products as livestock feed.

Nutrient cycling accounts for 51 percent of the economic value of all non-provisioning
ecosystem services, and integrating livestock plays a large role in this. 22 Similady, in rice-
fish systems, aquatic animals help to fertilize the rice crop and reduce pests, reducing the
need for external fertilizer or pesticide inputs.

Recycling delivers multiple benefits by closing nutdent cycles and reducing waste thnt
translates into lower dependentcy on external resources, increasing the autonomy of producers
and reducing their vulnerability to market and climate shocks. Recyeling organic muterials
and by-products offers great potential for agroecological innovations,

RESILIENCE
Enhanced resilience of people, communities and ecosystems is key to
ustainable food and agricultural systems,

Diversified agroeeological systems are more resilient — they have a greater capacity to
recover from disturbances including extreme weather evénts such as drought, floods or
hurricanes, and 1o resist pest and disease attack.

Following Hurmicane Mitch in Central America in 1998, biodiverse fams including
agroforestry, contour farming and coveér cropping refained 20-40 percent more topsoil,
suffered less erosion and experienced lower economic losses than neighbouring farms
practicing conventional monocultures. By maintaining a functional bakince, agroecological
systems are betier able to resist pest and disease attack. Agroecological practices recover the
biological complexity of agricultural systems and promote the necessury community of
interacting organisms (o selfregulate pest outbreaks

On a landscape scale, diversified agricultural landscapes have s graater potential to contribute
1o pest and disease control functions. Agroecological approaches can equally enhance socio-
economic resilience. Through diversification and integration, producers reduce . their
vulnerability should a single crop, Irvestock specics or other commodity fail.

By reducing dependence on-external inputs, agroecology can reduce producers' vulnerability
to sconomic risk. Enhancing ecological and socioeconomic resilience go hand-in-hand — afier
gll, humans are an mitegral part of ecosysiems.

HUMAN AND SOCIAL VALUES
Protecting and improving rural livelihoods, equity and social well-being is
essential for sustainable food and agricultural systems.

Agroceology places a sirong emphasis on human and social values, such as dignity, equity,
inclusion and justice all contributing to the improved livelihoods dimension of the SDGs, It
puts the aspirations and needs of those who produce, distribute and consume food at the heart
of food systems: By building autonomy and adaptive capacities to manage their agro-
ecosvstems, agroecological approaches empower people and communities to overcome




poverly, hunger and malnutrition, while promoting human rights, such as the right to food,
and stewardship of the envirenment so that future generations can also live in prosperity.

Agroecology seeks to address gender
incqualitiss by creating opportunities
for women. Globally, women make up
almosi half of the agricultuml
workforce. They also play a vital role in
household food security, dietary
diversity and health, as well as in the
conservation and sustainable uss of
biological divessity. In spite of this,
women TEMAM cconomically
marginalised and vulnerable o
violations of their rights, while their
contribunions oflen remain

unrecognized.  Agroecology ecan help
rurgl women in family farming agniculture to develop higher levels of swonomy by building
knowledge, through collective action and ereating opportunitics for commercialization.

Agroecology can open spaces for women to become more autonemous and empewer them at
household, commumity levels and beyond — for instance, through participation in producer
groups. Women's participation is essential for agroecology and women are frequently the
leaders of agroecology projects. In many places around the world, rural youth face a enisis of
employment. Agraccology provides a promising solution as a source of decent jobs.
Agroecology is based on a different way of agricultural production that is knowledge
intensive, environmentally friendly, socially responsible, innovative, and which depends on
skilled labour. Meanwhile, rural youth around the world DOSSESS SNETEY, creativity ‘and a
desire 1o positively change their world. Whai they need is support and opporiunities As a
bottom-up, grassroots paradigm for sustainable rural development, agreecology empowers
people 1o become their own agents of change.

CULTURE AND FOOD TRADITIONS

By supporting heaithy, diversified and culturally appropriate diets,
agroecology confributes to food security and nutrition while maintaining
the health of ecosystems.

Agriculture and feod ‘are core components of human heritage. Henee, culture and food
traditions play a central role in society and in shaping human behaviour. However, in many
instances, our current food systems have ereated a disconnection hetween food habits and
culture. This disconnestion has contributed to 2 situation where hunger and obesity exist side
by side, in a world that produces enough food to feed its entive population

Almost 300 million people worldwide are chromically humgry and 2 billion suffer
micronutrient deficiencies. Meanwhile, there has been & rampant rise in obesity and dist-
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