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I INTRODUCTION

Thee impact of climate change on the river could be one
of the crucial challenges fsced by Bydeologias and waler

water of fivers and mainfall amounts bave a magr ole in
sepplyang water requaied for several scilvities swch s
lamenp, dnalisg  waler, imbeary  and  electnoay
gomration [I] bocame s twn patameters may have a
direct efffect on the waler resounces managoment decisions
sach as meel the waler requirements and preveni (locding
[3). Water shorages direcily aml indirecily have an effect
om seckors sech s the control, sterape and waler vepply.
planning, oty ahon dperation, Tt peductavaly, ssd
cle, [4). Waler warcity has become & sovere ooncern,

Maolamasad Moori
ik s Water Bosources Hagineering.
Fenbirasi Usiversity of hachhasd. hlsdshad lran

Maobammacdsacid Shelkhi
Bl e, Seidosd,
Lamcy Cawgam Imiue of Higher Edocation, Crepas, Iran

spedifically in cities which waler nesources are saally
Nimited, The lemiled resounces of surfse waler ane md
enmaph 80 cover the waler necds =0, in oader o mecd the
demands, underground  aquifer are considerably beimg
wed w0 supplement the waler desines. Overose of
groundwater rewogrces which have serious impaces on the
qualicy s guanisy of sqpaiers [3) Ads, comadering that
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o the mver s o effeet on, floosd management. the nipht
of the mver bed, amd the cconomic frasibslity of
development progects, (onecast, Waing, resone operatioes
and Moo isosrence coudd he conshlered 6], Nowadays,
matural gvents soch o floods Bave boem among human
problems  and  Bydeologists  have  always given b
attentions 1 thay concern [7]. The comnpldexity of waler
reworoes sysbem makes the analysis of waber resounoes
vestment allernatives, difficol and complex. This keads
0 Encrease e appdication of analysis techaigees [B). %0,
i this amicke we have copsaderad the empomance of this
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1, METHOMHOGY

Reviewing the anicles is one of the bhasic pninciples i
the pescarch snaly. The smatkaical method used in this
eeicarch s applying 15| papers froen Web of Sciesce
welrale, In this regand. with seanchisy phrases “climate
change” and ™ river” between the years 1980 1o 204, The
number of 763 with ihesw phrases were oollecied and
ordered in descending Based om their numsber of citations.
Among chem, 100 iop papers and anicles with the moai
citalions weng selected amd slatisiecal sasrveya Wl
conslugted on them,
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Contribution to the Symposium: 'Gadoid Fisheries: The Ecology of Management and Rebuilding”
Introduction

Gadoid fisheries: the ecology and management of rebuilding
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Home Research AQUATIC ECOLOGY Water is a necessity for all living things on Earth and is one of the most important natural resources flowing from our forests. With looming problems like climate change and pressing energy demands, a better understanding of how to conserve freshwater ecosystems is critically important in order to meet our
increasing need for freshwater. Freshwater ecology is the interdisciplinary study of rivers, lakes, streams, seasonal bodies of water, underground water deposits, and surrounding riparian areas. Aquatic ecologists study natural populations of organisms in the water, learning about the distribution and abundance of aquatic organisms, mostly fish, their
prey and their predators, and their interactions with their environment. FEATURED RESEARCH SCIENTISTS AWAE aquatic ecologists seek to gain a better understanding of the conservation of aquatic ecosystems by studying a broad spectrum of issues, including: the interaction of freshwater fishes with their habitat; the impacts of nonnative species
on native fish assemblages and aquatic communities; water quality issues, including elevated stream temperatures); restoration of degraded stream and riparian habitats; and, hydrologic processes. AWAE scientists actively involved in this research include: A cool water stream in Catoctin Mountain Park. NPS/Paradis The Aquatic Ecologist provides
technical assistance for management and protection of aquatic resources in both the National Capital and Northeast Regions. These aquatic resources include streams, wetlands, floodplains, riparian corridors, and groundwater systems and the organisms that inhabit them. The aquatic ecologist supports water resource preservation, protection, and
management through research and partnerships and provides integration across ecoregions, states, and watersheds, including the Chesapeake Bay. She also supports parks in complying with the Chesapeake Bay Agreement and total maximum daily load limits for nitrogen, phosphorus and sediment. Contact Contact 202-339-8300 for more
information. If you need assistance from Resource Stewardship and Science (RESS), you may submit a Solution for Technical Assistance Requests (STAR) request online (NPS Only). Projects Links Phytoplankton are tiny plants that use sunlight and nutrients in lakes to grow. Polluted lakes may host 'algae blooms' which can suck oxygen out of the
water and may be toxic to humans and animals. Zooplankton are small animals that drift and feed on small particles and organisims in the water column. Zooplankton are the favorite food of many types of fish and most juvenile fish. Fish, besides being a source of food and recreation for people, are important members of aquatic ecosystems and
indicators of water quality. Fish occupy different niches in aquatic environments. In streams, fish like the native Bonneville Cutthroat Trout feed on macroinvertebrates while in lakes similar sized fish feed on both macroinvertebrates and zooplankton. Other types of fish are predators and help regulate the populations of invertebrates and smaller
fishes via top-down control. Not all species of fish can survive in a waterbody; temperature and water chemistry determine which species of fish can inhabit a waterbody. For fish, two types of temperatures limit growth and survival. They can survive exposure to warmer temperatures for short periods (hours) but require cooler temperatures over
longer periods of exposure. Time of year and age of fish can also affect the temperatures that they require to grow. Top Down Control A healthy aquatic ecosystem contains a good balance of producers (like phytoplankton algae and leaves), consumers (like zooplankton and invertebrates) and predators like fishes. The top consumer in an ecosystem
excerpts top-down control on the populations of the consumers and producers. In a lake, bluegill suppress the population of zooplankton via feeding. This then increases the population phytoplankton. This mechanism is known as top down control. image from Historical Overfishing and the Recent collapse Jackson et al These animals, visible to the
human eye and lacking a backbone, include many types of insects as well as other animals such as worms, mollusks, and crustaceans. Macroinvertebrates often feed on plants, algae and things that fall into the stream / lake. In lakes they usually live in the shallow-water area around the edge of the pond amongst aquatic plants. Macroinvertebrates
are often used as indicator species to determine the health of water. Some species are more sensitive to pollution than others. In the pond, dragonflies and mayflies are indicative of a healthy aquatic community. Click here to learn more about macroinvertebrates Ecosystem in a body of water An estuary mouth and marine coastal waters, part of an
aquatic ecosystem An aquatic ecosystem is an ecosystem formed by surrounding a body of water, in contrast to land-based terrestrial ecosystems. Aquatic ecosystems contain communities of organisms that are dependent on each other and on their environment. The two main types of aquatic ecosystems are marine ecosystems and freshwater
ecosystems.[1] Freshwater ecosystems may be lentic (slow moving water, including pools, ponds, and lakes); lotic (faster moving water, for example streams and rivers); and wetlands (areas where the soil is saturated or inundated for at least part of the time).[2] Types Marine ecosystems This section is an excerpt from Marine ecosystem.[edit] Coral
reefs form complex marine ecosystems with tremendous biodiversity Marine ecosystems are the largest of Earth's aquatic ecosystems and exist in waters that have a high salt content. These systems contrast with freshwater ecosystems, which have a lower salt content. Marine waters cover more than 70% of the surface of the Earth and account for
more than 97% of Earth's water supply[3]1[4] and 90% of habitable space on Earth.[5] Seawater has an average salinity of 35 parts per thousand of water. Actual salinity varies among different marine ecosystems.[6] Marine ecosystems can be divided into many zones depending upon water depth and shoreline features. The oceanic zone is the vast
open part of the ocean where animals such as whales, sharks, and tuna live. The benthic zone consists of substrates below water where many invertebrates live. The intertidal zone is the area between high and low tides. Other near-shore (neritic) zones can include mudflats, seagrass meadows, mangroves, rocky intertidal systems, salt marshes, coral
reefs, lagoons. In the deep water, hydrothermal vents may occur where chemosynthetic sulfur bacteria form the base of the food web. Marine coastal ecosystem This paragraph is an excerpt from Marine coastal ecosystem.[edit] A marine coastal ecosystem is a marine ecosystem which occurs where the land meets the ocean. Marine coastal
ecosystems include many different types of marine habitats, such as estuaries and lagoons, salt marshes and mangrove forests, seagrass meadows and coral reefs, kelp forests and backwaters. Directly and indirectly these provide a vast range of ecosystem services for humans, such as sequestering carbon, cycling nutrients and elements, providing
nurseries and fishing grounds for commercial fisheries, preventing coastal erosion and moderating extreme events, as well as providing recreational services and supporting tourism. Marine surface ecosystem This paragraph is an excerpt from Ocean surface ecosystem.[edit] Organisms that live freely at the ocean surface, termed neuston, include
keystone organisms like the golden seaweed Sargassum that makes up the Sargasso Sea, floating barnacles, marine snails, nudibranchs, and cnidarians. Many ecologically and economically important fish species live as or rely upon neuston. Species at the surface are not distributed uniformly; the ocean's surface harbours unique neustonic
communities and ecoregions found at only certain latitudes and only in specific ocean basins. But the surface is also on the front line of climate change and pollution. Life on the ocean's surface connects worlds. From shallow waters to the deep sea, the open ocean to rivers and lakes, numerous terrestrial and marine species depend on the surface
ecosystem and the organisms found there.[7] Freshwater ecosystems This section is an excerpt from Freshwater ecosystem.[edit] Freshwater ecosystem. Freshwater ecosystems are a subset of Earth's aquatic ecosystems. They include lakes, ponds, rivers, streams, springs, bogs, and wetlands.[8] They can be contrasted with marine ecosystems, which
have a larger salt content. Freshwater habitats can be classified by different factors, including temperature, light penetration, nutrients, and vegetation. There are three basic types of freshwater ecosystems: Lentic (slow moving water, including pools, ponds, and lakes), lotic (faster moving water, for example streams and rivers) and wetlands (areas
where the soil is saturated or inundated for at least part of the time).[9][8] Freshwater ecosystems contain 41% of the world's known fish species.[10] Lentic ecosystem (lakes) This section is an excerpt from Lake ecosystem.[edit] A lake ecosystem or lacustrine ecosystem includes biotic (living) plants, animals and micro-organisms, as well as abiotic
(non-living) physical and chemical interactions.[11] Lake ecosystems are a prime example of lentic ecosystems (lentic refers to stationary or relatively still freshwater, from the Latin lentus, which means "sluggish"), which include ponds, lakes and wetlands, and much of this article applies to lentic ecosystems in general. Lentic ecosystems can be
compared with lotic ecosystems, which involve flowing terrestrial waters such as rivers and streams. Together, these two ecosystems are examples of freshwater ecosystems. Lotic ecosystem (rivers) This section is an excerpt from River ecosystem.[edit] This stream in the Redwood National and State Parks together with its environment can be
thought of as forming a river ecosystem. River ecosystems are flowing waters that drain the landscape, and include the biotic (living) interactions amongst plants, animals and micro-organisms, as well as abiotic (nonliving) physical and chemical interactions of its many parts.[12][13] River ecosystems are part of larger watershed networks or
catchments, where smaller headwater streams drain into mid-size streams, which progressively drain into larger river networks. The major zones in river ecosystems are determined by the river bed's gradient or by the velocity of the current. Faster moving turbulent water typically contains greater concentrations of dissolved oxygen, which supports
greater biodiversity than the slow-moving water of pools. These distinctions form the basis for the division of rivers into upland and lowland rivers. The following unifying characteristics make the ecology of running waters unique among aquatic habitats: the flow is unidirectional, there is a state of continuous physical change, and there is a high
degree of spatial and temporal heterogeneity at all scales (microhabitats), the variability between lotic systems is quite high and the biota is specialized to live with flow conditions.[14] Wetlands This section is an excerpt from Wetland.[edit] A wetland is a distinct ecosystem that is flooded by water, either permanently (for years or decades) or
seasonally (for weeks or months). Flooding results in oxygen-free (anoxic) processes prevailing, especially in the soils.[15] The primary factor that distinguishes wetlands from terrestrial land forms or water bodies is the characteristic vegetation of aquatic plants, adapted to the unique anoxic hydric soils.[16] Wetlands are considered among the most
biologically diverse of all ecosystems, serving as home to a wide range of plant and animal species. Methods for assessing wetland functions, wetland ecological health, and general wetland condition have been developed for many regions of the world. These methods have contributed to wetland conservation partly by raising public awareness of the
functions some wetlands provide.[17] Functions Further information: ecosystem Aquatic ecosystems perform many important environmental functions. For example, they recycle nutrients, purify water, attenuate floods, recharge ground water and provide habitats for wildlife.[18] Aquatic ecosystems are also used for human recreation, and are very
important to the tourism industry, especially in coastal regions.[19] Biotic characteristics (living components) The biotic characteristics are mainly determined by the organisms that occur. For example, wetland plants may produce dense canopies that cover large areas of sediment—or snails or geese may graze the vegetation leaving large mud flats.
Aquatic environments have relatively low oxygen levels, forcing adaptation by the organisms found there. For example, many wetland plants must produce aerenchyma to carry oxygen to roots. Other biotic characteristics are more subtle and difficult to measure, such as the relative importance of competition, mutualism or predation.[20] There are a
growing number of cases where predation by coastal herbivores including snails, geese and mammals appears to be a dominant biotic factor.[21] Autotrophic organisms Autotrophic organisms are producers that generate organic compounds from inorganic material. Algae use solar energy to generate biomass from carbon dioxide and are possibly the
most important autotrophic organisms in aquatic environments.[22] The more shallow the water, the greater the biomass contribution from rooted and floating vascular plants. These two sources combine to produce the extraordinary production of estuaries and wetlands, as this autotrophic biomass is converted into fish, birds, amphibians and other
aquatic species. Chemosynthetic bacteria are found in benthic marine ecosystems. These organisms are able to feed on hydrogen sulfide in water that comes from volcanic vents. Great concentrations of animals that feed on these bacteria are found around volcanic vents. For example, there are giant tube worms (Riftia pachyptila) 1.5 m in length and
clams (Calyptogena magnifica) 30 cm long.[23] Heterotrophic organisms Heterotrophic organisms consume autotrophic organisms and use the organic compounds in their bodies as energy sources and as raw materials to create their own biomass.[22] Euryhaline organisms are salt tolerant and can survive in marine ecosystems, while stenohaline or
salt intolerant species can only live in freshwater environments.[24] Abiotic characteristics (non-living components) An ecosystem is composed of biotic communities that are structured by biological interactions and abiotic environmental factors. Some of the important abiotic environmental factors of aquatic ecosystems include substrate type, water
depth, nutrient levels, temperature, salinity, and flow.[20][18] It is often difficult to determine the relative importance of these factors without rather large experiments. There may be complicated feedback loops. For example, sediment may determine the presence of aquatic plants, but aquatic plants may also trap sediment, and add to the sediment
through peat. The amount of dissolved oxygen in a water body is frequently the key substance in determining the extent and kinds of organic life in the water body. Fish need dissolved oxygen to survive, although their tolerance to low oxygen varies among species; in extreme cases of low oxygen, some fish even resort to air gulping.[25] Plants often
have to produce aerenchyma, while the shape and size of leaves may also be altered.[26] Conversely, oxygen is fatal to many kinds of anaerobic bacteria.[22] Nutrient levels are important in controlling the abundance of many species of algae.[27] The relative abundance of nitrogen and phosphorus can in effect determine which species of algae come
to dominate.[28] Algae are a very important source of food for aquatic life, but at the same time, if they become over-abundant, they can cause declines in fish when they decay.[29] Similar over-abundance of algae in coastal environments such as the Gulf of Mexico produces, upon decay, a hypoxic region of water known as a dead zone.[30] The
salinity of the water body is also a determining factor in the kinds of species found in the water body. Organisms in marine ecosystems tolerate salinity, while many freshwater organisms are intolerant of salt. The degree of salinity in an estuary or delta is an important control upon the type of wetland (fresh, intermediate, or brackish), and the
associated animal species. Dams built upstream may reduce spring flooding, and reduce sediment accretion, and may therefore lead to saltwater intrusion in coastal wetlands.[20] Freshwater used for irrigation purposes often absorbs levels of salt that are harmful to freshwater organisms.[22] Threats Further information: Ecosystem § Human
interactions with ecosystems, Freshwater ecosystem § Threats, Marine ecosystem § Threats, and Human impact on marine life The health of an aquatic ecosystem is degraded when the ecosystem's ability to absorb a stress has been exceeded. A stress on an aquatic ecosystem can be a result of physical, chemical or biological alterations to the
environment. Physical alterations include changes in water temperature, water flow and light availability. Chemical alterations include changes in the loading rates of biostimulatory nutrients, oxygen-consuming materials, and toxins. Biological alterations include over-harvesting of commercial species and the introduction of exotic species. Human
populations can impose excessive stresses on aquatic ecosystems.[18] There are many examples of excessive stresses with negative consequences. The environmental history of the Great Lakes of North America illustrates this problem, particularly how multiple stresses, such as water pollution, over-harvesting and invasive species can combine.[29]
The Norfolk Broadlands in England illustrate similar decline with pollution and invasive species.[31] Lake Pontchartrain along the Gulf of Mexico illustrates the negative effects of different stresses including levee construction, logging of swamps, invasive species and salt water intrusion.[32] See also Aquatic plant - Plant that has adapted to living in
an aquatic environment Hydrobiology - Science of life and life processes in water Hydrosphere - Total amount of water on a planet Limnology - Science of inland aquatic ecosystems Ocean Stephen Alfred Forbes - American naturalist - one of the founders of aquatic ecosystem science Stream metabolism References ~ Alexander, David E. (1 May
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