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Rivers of art: Classical Ancient Greece

Crossing the River Styx, Joachim Patinir (ca. 1480-1524)

River Styx : a river in Greek mythology that formed the boundary between 

Earth and the Underworld

https://paulhumphriesriverecology.wordpress.com/page/2/



Rivers of art: Ancient Rome

Unlike the Greeks, whose focus was the ocean, the Romans established 

themselves on the River Tiber. The founding of Rome is based on the 

myths of Romulus and Remus and the river itself.

https://paulhumphriesriverecology.wordpress.com/page/2/



Rivers of art: Ancient Egypt

Tomb of 

Nebamun 

showing him 

hunting birds in 

the marshes, 

together with his 

wife and 

daughter. (British 

Museum)

https://paulhumphriesriverecology.wordpress.com/page/2/



Rivers of art: Ancient China

Yu the Great (c. 2200 – 2100 BC)

https://en.wikipedia.org/wiki/Yu_the_Great



Floods in the Yellow River Basin

Star sea – the origin flows through the loess 

plateau

Suspended 

downstream



Major flood events in the past 900 years

Year Discharge 
m3/s 

Flooded 
counties 

Lives 
claimed 

1117 
1642 

  
Kaifeng 

1,000,000 
300,000 

1761.8 32000 24 50,000 

1843.8 36000 27 30,000 

1855.8 
1933.8 

27000 
22000 

53 
67 

200,000 
18,293 

1938.6.9  44 890,000 

1958.8 22300 1700 
villages 

No data 

 

 



Avulsions and abandoned channels of the Yellow river 
(26 avulsions in 2600 years)

Historical documents 
document 1000 
floods occurring in 
4000 years. 
In the last millennium, 
the river has shifted 
its lower course every 
~25 years, 26 
avulsions in 2600 
years, breached its 
levees once a year



Global sediment yield based on sediment 
transport data from 2000 rivers

Soil Erosion
• China is a country suffering severe erosion, with 1.82 

million km2 subject to water erosion, 1.88 million km2

subject to aeolian erosion. More than 38% of the 
territory of the country are being eroded. 



Yellow River
The rate of soil erosion 

was as high as 30,000 

ton/km2yr in the north 

Loess Plateau.
e.g. Soil erosion in the upper Yellow 
River on the Qinghai-Tibetan Plateau

The long term average of 
the total soil erosion in the 
basin was 2.3 billion tons/yr



The sediment 
concentration in the 
middle reaches of the 
Yellow River was as 
high as 911 kg/m3

Ripping up the 
bottom –
Very quick bed scour 
induced by 
hyperconcentrated 
flood

Hyperconcentrated 
flow



The river flows into the Bohai 
sea and created land at the 
delta with its heavy sediment 
load at a rate of 25 km2/yr 

Sediment deposited at riverbed 
– the river bed was raised and 
became suspended river



Erosion control strategies in the Yellow River

• The main erosion control strategies are building 

sediment barriers in gullies and terracing the sloped 

farmland in the arid and semi-arid areas; building 

sediment-check dams and reforesting the hills

• Comprehensive reclamation of small basin is the main 

strategy applied in the Loess Plateau. The area is arid 

and semi-arid and, therefore, reforestation alone is 

difficult to achieve the objective of erosion control. 

• Impounding water with dam on rivers provides water 

for drinking, irrigation, and reforestation. 











(b) Anthropic activities influencing runoff and sediment load

Trees and Pastures

http://www.yellowriver.gov.cn/xwzx/lylw/201407/t2014071
4_145096.html

Terraces

http://www.swcc.org.cn/desc.asp?id=43726

Check dams

http://news.cnwest.com/content/2014-
08/25/content_11534720_3.htm

https://en.wikipedia.org/wiki/Sanmenxia#/media/File:S
mxgongcheng.jpg

Sanmenxia Dam

(a)

(b)

(a) Main Reservoirs on the stem of the Yellow River



Yellow River Wang et al., Earth-Science Reviews 108 (2011) 80–100



Sediment load of the loess area: 

2.2 109 t/yr at Lijin: multi-year 

average: 1.6 109 t/yr; 1989-2003:  

0.5 109 t/yr; 2017: <50 106 t/yr

Reasons for less sediment load:

• less precipitation

• water use, irrigation, dams

• water and soil conservation

1989 1993 1995 1997

2000

1995

RetreatAdvanceWater and sediment 
flows to the delta 
have declined 
dramatically since 
the 1995. The river 
frequently ran dry 
before reaching the 
delta





Ecological functions of rivers

- The critical ecological functions of rivers are 

habitat, conduit, filter, barrier, source and sink. 

Restoration is performed in order to enable the 

six functions to be effectively restored. 

Landscapes with (A) 

high and (B) low 

degrees of connectivity. 

A connected landscape 

structure generally has 

higher levels of 

functions than a 

fragmented landscape.



• Habitat Function 

 Habitat: an area where plants or animals (including people) 

normally live, grow, feed, reproduce, and otherwise exist for 

any portion of their life cycle.

 Habitats provide organisms space, food, water, and shelter. 

Stream corridors provide migrating species of birds with their 

preferred resting and feeding habitats during migration 

stopovers. 

Fazi Riverin, Taichong

Canopy of mangrove provides habitat 

for numerous species



• Conduit Function 

 The ability to serve as a flow pathway for energy, materials, 

and organisms. 

 The stream corridor can function as a conduit laterally and  

longitudinally. Organic debris and nutrients may be 

transported from upper to lower reaches and provide food 

supply for stream invertebrates and fishes.

The best known examples of aquatic species movement and interaction 

with the watershed is the migration of salmon upstream for spawning.



 Gymnocypr

is eckloni, 

struggling 

upstream to 

Zhaling 

Lake



• Filter and Barrier Functions

 Barriers - prevent movement;  Filters - allow selective 

penetration of energy, materials and organisms. 

 In many ways, the entire stream corridor serves beneficially 

as a filter or barrier that reduces water pollution, minimizes 

sediment transport, and often provides a natural boundary 

to land uses, vegetation, and less mobile wildlife species. 



• Source and Sink Functions

 Sources - provide organisms, energy or materials to the 

surrounding landscape. 

 Sinks - absorb organisms, energy, or materials from the 

surrounding landscape. 

Movement of carbon between land, 

atmosphere, soil and oceans in billions of 

tons of carbon per year. 

Air-water exchange of CO2

https://en.wikipedia.org/wiki/Carbon_sink



How to maintain or enable the ecological 

functions of rivers?

• How can species diversity in rivers be safeguarded and 

increased? 

• Which ecosystem functions characterize a river? How 

are they managed and what is their relationship to 

species diversity? 

• How can we quantify these biological functions and 

assess their importance at a landscape level? 

• Among the many human influences, how do we identify 

those which are detrimental to the ecological status? 

• How long do pollutants remain active in a river and 

where are they located?



River Ecology

• The ecology of the river refers to the relationships 

that living organisms have with each other and 

with their environment. 

Flow

Biota Habitat

water quantity, water 

quality, hydrology,

hydrodynamics

sediment, debris, 

aquatic/riparian 

vegetation

plants, macro-

invertebrates, 

fish……



• A river ecosystem consists of terrestrial 

ecosystem and aquatic ecosystem

Birds
Benthic invertebrates

Primary 
product

Aquatic 
ecosystem

Terrestrial ecosystem

River ecosystem

Mammal



• Aquatic ecosystem



• River ecosystems have abiotic and biotic 

components:

 flowing water that is mostly unidirectional

 a state of continuous physical change

 many different (and changing) microhabitats

 variability in the flow rates of water

 plants and animals that have adapted to live 

within water flow conditions



Biotic features

 Stream biota are often classified in seven 

groups: bacteria, algae, macrophytes (high 

plants), protists, microinvertebrates

(invertebrates less than 0.5 mm in length), 

macroinvertebrates (invertebrates greater 

than 0.5 mm in length, and vertebrates (fish, 

amphibians, reptiles, and mammals).



• Algae and protists

• Macrophytes
- mosses attached to 

permanent stream 

substrates 

Pondweed

Duckweed

Reed

• Bacteria



• Macroinvertebrates
> 0.5 mm, including insects, mullusca, Oligochataeta, leech, decapod, etc.

Oligochataeta

leech
decapod

insects

 

mullusca

Crab



FFG Examples Diet Characteristics

Predators Dragonflies, 
damselflies, 
stoneflies

Other insects Toothy jaws, larger in 
size

Shredders Stoneflies, 
beetles, 
caddisflies

CPOM, leaves, 
woody debris

Streamlined, flat

Grazers / 
Scrapers

Mayflies, 
caddisflies, true 
flies, beetles

Periphyton, 
diatoms

Scraping mandibles

Gathering 
Collectors

Mayflies, 
worms, midges, 
crayfish

FPOM, settled 
particles, 
bacteria

Filtering hairs, 
hemoglobin

Filtering 
Collectors

Black flies, net-
spinning 
caddisflies, 
mayflies

FPOM, 
phytoplankton, 
floating particles

Some build cases 
(caddisflies)



• Pollution Tolerance

Intolerant species 

Moderate 

tolerant species

Tolerant species

 
采自深沟 



• Fish

 Fish such as salmonids are usually restricted to higher 

elevations or northern climates with colder, highly 

oxygenated water. Salmonids are highly susceptible to 

alteration of flow, temperature, and substrate quality 

 Fish are important consumers and prey species. Many 

restoration projects aim at restoration of fish habitat 

Acipenser dabyanus

Salmon

Cyprininae, ~90% of Chinese 

fish are cyprinids, including 

common carps



• Birds

 A large number of birds also inhabit river 

ecosystems, but they are not tied to the water as fish 

are and spend some of their time in terrestrial 

habitats. 

 Fish and water invertebrates are an important food 

source for water birds.

Grus nigricollis (IUCN:VU)

Zoige Wetland is China’s biggest peat 

swamp area



The diversity of available habitats directly 

influences the biological diversity and abundance 

in streams

 Stream stability is always important in river 

ecosystem restoration activities

 Species community depends on the habitat 

conditions

The Sequ River was 

stabilized and has high 

bio-diversity

The Dabai River in the upper 

Yangtze River basin is unstable due 

to high sediment load and has a 

very low biodiversity.



Abiotic features

Flow, temperature, riparian vegetation, DO, 

pH-value, substrate, and nutrients in the 

habitats are the most important ecological 

conditions for bio-communities

The diversity of available habitats directly 

influences the biological diversity and 

abundance in streams

 Stream stability is always important in river 

ecosystem restoration activities

 Species community depends on the habitat 

conditions



• Physical features

• Light

– How much light shines on the surface

– How far light penetrates the water column

• Water Movements

– Erosion from land

– Suspended bottom sediments

• Temperature

– Closely tracks air temperature



• Stream substrates

- The substrate is the surface on which the river organisms 

live, consisting of inorganic material from the catchment 

such as boulders, pebbles, gravel, sand or silt, or organic 

material, including fine particles, leaves, wood, moss and 

plants. Substrate is generally not permanent and is 

subject to large changes during flooding events.

Sand bed (photo by Bhaskar Rao)Cobble bed



• Stream substrates

- Different substrates support different species composition 

and abundance of animals. 

Sand and silt are generally the least 

favorable substrates and support the fewest 

species and individuals, while cobbles have 

the highest densities and most organisms.



• Hyporheic zone 

– The hyporheic zone is the upper layer of substrate, 

which may range from a layer extending only 

inches to a very large subsurface environment

https://www.dnr.state.mn.us/whaf/about/5-

component/dimensions.html

Mixing of surface water and 

ground water occur in the 

hyporheic zone. This 

biologically active zone 

contains water percolating 

through the permeable soils 

adjacent to the open 

streambed. Important 

microbial activity and 

chemical transformations 

are enhanced in this area 

(Stream Corridor, 

FISRWG).



• Hyporheic zone 

– Many species prefer the top layer of the substrate and a 

few species like middle deep environment

– The thickness of the hyporheic zone is related to the 

diameter of stream bed sediment

Relation between hyporheic zone 

thickness and bed sediment size

Odonata

prefer upper 

hyporheic 

zone

Corydalidae, 
Naucoridae
inhabit deep 
zone



• Riparian vegetation

- (stream side forest) influences stream light and 

temperature by shading



• Chemical Conditions 

• Salinity
– Reflects history of leaching in the basin

• Oxygen
– Inversely correlated with temperature, 

usually not limiting in river systems

• Temperature
– Closely tracks air temperature

• Human Influence

• Long, intense history of human use
– Transportation, irrigation, waste disposal  



• Oxygen

– Oxygen enters the water by absorption directly from the 

atmosphere and by plant photosynthesis. 

– DO at appropriate concentrations is essential to keep 

aquatic organisms alive and to sustain their reproduction. 



 

 

pH 6.5 6.0 5.5 5.0  4.5  4.0  3.5  3.0 

Grass carp 
（Ctenopharyngodon 

idellus） 
        

Chinese sturgeon 
（Acipenser sinensis）         

Chinese river dolphin

（Lipotes Vexillifer Miller）   
      

Rainbow trout 

(oncorhyncus mykiss)            

Brown trout 

(salmo trutta)     
     

Brown trout 
(salvelinus fontinalus)      

    

Smallmouth bass 

(micropterus dolomieu)          

Fathead minnow 

(pimephalus promelas)   
       

Pumpkinseed sunfish 
(lepomis gibbosus) 

   
      

Yellow perch 
(perca flavescens)      

    

Bullfrog 

(rana catesbeiana)      
    

Wood frog 

(r.sylvatica) 
      

   

American toad 

(bufo americanus) 
     

    

Spotted salamander 

(ambystoma maculatum)             

Clam 
  

         

Crayfish 
   

        

Snail 
  

         

mayfly 
   

        

pH 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 

 

• pH-value

- Aquatic organisms 

exist in aquatic 

systems with nearly 

neutral hydrogen 

ion activity (pH 7) 

- A more acidic 

environment 

increase stress 

levels and 

eventually decrease 

species diversity 

and abundance



• Nutrients from aquatic environment affect the 

types and numbers of organisms it can support

 Oligotrophic (poorly nourished) 

– newly formed water body with 

small supply of plant nutrient 

input

 Eutrophic (well nourished) – over 

time, sediment, organic material, 

and inorganic nutrients causing 

excessive plant growth 

 Cultural eutrophication – Human 

inputs of nutrients from the 

atmosphere, urban and agricultural 

area can accelerate the 

eutrophication process



https://slideplayer.com/slide/4670141/

Trophic relationships

• Material transport

 Primary productivity

 Invertebrates 

 Fish



• Energy input

 Energy sources can be autochthonous or 

allochthonous. 

 Autochthonous energy sources are those derived from 

within the lotic system. 

 Allochthonous energy sources are those derived from 

outside the lotic system (terrestrial environment). 

Pondweed is an 

autochthonous energy source

Leaf litter is an allochthonous 

energy source



Trends in Ecology & Evolution 2018 33, 186-197DOI: (10.1016/j.tree.2017.12.007) 

• Energy fluxes and their relation to ecosystem 

services across ecosystems



Trends in Ecology & Evolution 2018 33, 186-197DOI: (10.1016/j.tree.2017.12.007) 

• Energy Flux Quantification

 Using the food-web energetics approach, energy flux 

is quantified following six general steps



Community patterns and diversity

 Richness and Abundance

Richness S - the species richness, or number of 
species, S, is the most widely used indices and the 
most important characteristic of biodiversity.

10

100

1000

10 100 1000 10000 100000

A（km
2）

S

Species richness of birds increases with the habitat area  

zcAS 



 If macroinvertebrates are used 

as indicator species, numerous 

sampling sites should be 

selected to represent different 

habitat conditions. 

 For each sampling site the 

sampling area may be one or 

several m2. 

 The work load increases with 

the sampling area, therefore, 

ecologists prefer small 

sampling area as long as the 

most species can be sampled. 

Relation of the macroinvertebrate species 

richness in a sample and the sampling area 

at each site



 Richness and Abundance

Abundance N - If a bio-community colonizes a 
habitat N increases with time t and finally reaches 
an equilibrium after a period of time:

in which r represents the intrinsic exponential 
growth rate of the population, and K is the 
carrying capacity of the habitat, 

This equation is called the logistic growth equation. 

)1(
K

N
rN

dt

dN


rte
N

NK

K
N






0

01



Abundance model

Population distribution models account for the evenness 

(equitability) of distribution of species and fit various 

distributions to known models, such as the geometric series, 

log series, lognormal, or broken stick.

Breeding bird census data 



Diversity Indices

Not all species should contribute equally to our 

estimate of total diversity, because their functional roles 

vary in proportion to their abundance. 

Ecologists have formulated several diversity indices in 

which the contribution of each species is weighted by its 

relative abundance. 

Biodiversity indices are based on the population 

abundance of species and combine both richness and 

evenness into a single index.



• Simpson Index (1-S)

1

1
2

2

])([ 




S

i

i

N

n
D

• Margalef index

( 1) / lnM S N 

S = number of species, ni = abundance of the ith species.

The more the species and the more evenly distributes the 
abundance, the higher is the value of H. For instance: 

N=3,  pi =1/3; H=1.1; 

N=3, p1=0.1,  p2 =0.2, p3=0.7, H=0.8; and 

N=5, pi=1/5, H=1.6.  

• Shannon-Weaner index
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• Bio-community index

Improved Shannon-Weaner index is defined as:

in which S is the number of species (richness), N is the total 

number of individual animals, and ni is the number of individual 

animals of i-th species. 

)ln(ln
1 N

n

N

n
NB i

S

i

i




• K-dominant curves

Combining taxa richness and 

evenness of distribution of 

macroinvertebrates. Dominance 

patterns are represented by plotting 

the accumulative abundance of 

each species (%) ranked in 

decreasing order of dominance. 
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Alpha and Beta diversity

• α -diversity calculation: taxa richness, sample-based 

rarefied richness (Magurran and McGill 2011), etc. 

• β-diversity calculation: True beta diversity β = γ/α, 

Whittaker's species turnover βW = (γ - α)/α = γ/α - 1

(Whittaker 1960) 

https://en.wikipedia.org/wiki/Rarefaction_(ecology)

https://en.wikipedia.org/wiki/Beta_diversity

Zhou et al., 2018. Freshwater Sciences

https://en.wikipedia.org/wiki/Rarefaction_(ecology)
https://en.wikipedia.org/wiki/Beta_diversity


Community patterns and diversity

 Resource partitioning

Resource partitioning has been well documented 

in lotic systems as a means of reducing competition. 

The three main types of resource partitioning 

include habitat, dietary, and temporal segregation.

Habitat segregation was found to be the most 

common type of resource partitioning in natural 

systems (Schoener, 1974). In lotic systems, 

microhabitats provide a level of physical complexity 

that can support a diverse array of organisms (Vincin

and Hawknis, 1998). 



Community patterns and diversity

 Resource partitioning

Dietary segregation is the second-most common type 

of resource partitioning. High degrees of morphological 

specializations or behavioral differences allow 

organisms to use specific resources. 

Temporal segregation is a less common form of 

resource partitioning, but it is nonetheless an observed 

phenomenon. Typically, it accounts for coexistence by 

relating it to differences in life history patterns and the 

timing of maximum growth among guild mates. 



Community patterns and diversity

 Persistence and succession

Over long time scales, there is a tendency for 

species composition in pristine systems to remain in 

a stable state. This has been found for both 

invertebrate and fish species. 

On shorter time scales, however, flow variability 

and unusual precipitation patterns decrease habitat 

stability and can all lead to declines in persistence 

levels. 



Community patterns and diversity

 Persistence and succession

The ability to maintain this persistence over long 

time scales is related to the ability of lotic systems to 

return to the original community configuration 

relatively quickly after a disturbance. 

Temporal succession, a site-specific change in a 

community involving changes in species composition 

over time. Another form of temporal succession might 

occur when a new habitat is opened up for colonization. 

In these cases, an entirely new community that is well 

adapted to the conditions found in this new area can 

establish itself.



Dynamic Equilibrium of Ecosystem

 Stability of an ecosystem is the ability of the system to 

persist within a range of conditions. 

 Resistance is defined as the ability to maintain original 

form and functions. 

 Resilience - the rate at which a system returns to a stable 

condition after a disturbance. 

 Recovery - the degree to which a system returns to its 

original condition after a disturbance. 

 The resilience of an ecosystem, re, may be measured with 

the ratio of the impairment,    over the time needed for 

the ecosystem to return its original form, T:

T
re








The ecosystem is resistant to many natural forms of stress due to high 
biomass, deep, established root systems and other adaptations



Take home message

River ecology theory is largely based on the 

concept of food webs and community dynamics：

 how energy moves through different parts of 

the watershed, 

 how human activities modify energy flow, 

 how bioenergetics regulates organism growth 

and survival, 

 how different types of land use and restoration 

actions effect energy flow in aquatic food webs. 
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Interaction between Sediment and 

Aquatic Biocommunity

Flow

Biota Habitat

water quantity, water 

quality, hydrology,

hydrodynamics

sediment, debris, 

aquatic/riparian 

vegetation

plants, macro-

invertebrates, 

fish……



River Hierarchical Organization

Understanding the interactions among flora/fauna, water flow and 

sediment, river landscapes; simulating these processes for 

design/management plans; predicting effects of ecological restoration. 

Catchment 

(Macro 103)

River System 

(Meso 102 - 101)

Grain Structure 

(Micro 100 - 10-1)

Single Particle 

(Pico 100 - 10-1)

(Frissell et al., 1986; Wieprecht, 2017)

γ-diversity β-diversity α-diversity



• Connectivity refers to the flow, exchange and 

pathways that move organisms, energy and matter 

throughout the watershed system. These interactions 

create complex, interdependent processes that vary 

over time

• As with hydrology, stream connectivity can be 

described in four dimensions:

 longitudinal – linear connectivity

 lateral – floodplain connectivity

 vertical – hyporheic (below the stream bed)

 temporal (time) – many scales; seasonal, multiyear, 

generational

Connectivity: four dimensions



http://texasaquaticscience.org/streams-rivers-aquatic-science-texas/

• Rivers and 
streams are 
longitudinally 
divided into 

– Riffle, run, 
and pool



CPOM

FPOM

FPOM

S

T

R

E

A

M 

O

R

D

E

R

Relative Channel Width

HEADWATERS:

•Shredders abundant

•Coarse POM 

MID-REACHES:

•Grazers abundant

•Higher 1°
production 

LARGE RIVERS:

•Collectors abundant

•Fine-Ultra fine POM

Functional Feeding Groups: 

The River Continuum

(Vannote et al., 1980)



• Rivers and streams are vertically divided into 

– water surface, water column, and bottom (benthic)

– hyporheic Zone: Transition between surface water and 
groundwater

– Phreatic Zone: Groundwater

https://www.riverkeeper.org/campaigns/river-ecology/



Channelization and habitat fragmentation

Stream channelization creates uniform cross 
sections and armoring, and results in ecological 
decline.

Channelization with hardened 

banks in the Weihe River results 

in ecological decline



Fragmentation of habitat

• River uses result in the fragmentation and isolation of habitats. 

• In the middle and lower Yangtze River, numerous riparian lakes with 

different sizes lakes connected with the Yangtze River and formed a huge 

habitat in the past. Humans cut the connection for flood defense and aquatic 

farming, thus fragmented the habitat. 

• The fragmentation of habitat has resulted in deterioration of ecology and 

extinction off some species. 



Comparison of biodiversity between river-linked lakes and 

isolated lakes in the Yangtze River basin
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• Temporal connectivity

 A stream exhibits temporal connectivity of continuous 

physical, chemical, and biological interactions over 

time, according to a rather predictable pattern. 

 These patterns and continuity are important to the 

functioning of the ecosystem. Over time, sediment 

shifts, meanders form, bends erode, oxbows break off 

from the main channel, channels shift and braid. 

 A stream rises and falls according to seasonal patterns, 

depending on rain and snowmelt. The watershed has 

adjusted to these normal fluctuations, and many 

organisms have evolved to depend on them.



• Macroinvertebrate Biology

Taxonomic categories: 
Kingdom, Phylum, Class, Order, Family (important 

category), Genus, Species (basic category)

→Habitat

→ Movement

→ Feeding

→ Breathing

→ Life History

→ Stress Tolerance





Habitat
The place where an organism lives

Running waters – lotic – seeps, 

springs, brooks, branches, creeks, 

streams, rivers

Mineral 

bedrock, 

boulders, 

cobbles, pebble, 

gravel, sand, silt, 

clay

Standing waters – lentic – bogs, 

marshes, swamps, ponds, lakes

erosional (riffles, wave action) or 

depositional areas (point bars, pools)

Organic

live plants, detritus,

Transported with 

suspended load & 

bed load



Movement

Clingers – maintain a relatively fixed position on firm substrates in current

Climbers – dwell on live aquatic plants or plant debris 

Crawlers – have elongate bodies with thin legs, slowly move using legs

Sprawlers – live on the bottom consisting of fine sediments

Burrowers – dig down and reside in the soft, fine sediment

Swimmers – adapted for moving through water

Skaters – adapted to remain on the surface of water

Locomotion, habits, or mode of existence



Feeding
Macroinvertebrates are described by how they 

eat, rather than what they eat

Functional Feeding Groups – categories of macroinvertebrates based on body 

structures and behavioral mechanisms that they use to acquire their food. 

 Larger leaf litter is broken down into smaller particles by the feeding 
activities of invertebrates known as shredders (insect larvae and 
amphipods); 

 Some invertebrates filter small organic material from the water, known 
as filters (blackfly larvae, some mayfly nymphs and some caddisfly 
larvae); 

 Some invertebrates scrape material off the surfaces of bedrock, 
boulders and cobbles, known as scrapers (snails, limpets and some 
caddisfly and mayfly nymphs); 

 Some invertebrates feed on material deposited on the substrate, known 
as collectors (dipteran larvae and some mayfly nymphs).

 Invertebrates feed on other invertebrates are known as predators.



Shredders

• have basic mouthparts, without any special modifications

• basic mouthparts include two jaw like structures (mandibles) for cutting and 

grinding and often an upper lip (labrum) and a lower lip (labium) to help 

keep food in their mouths

• Material is usually >1 mm, referred to as Coarse Particulate Organic Matter 

(CPOM)

Chew on intact or large pieces of plant material

Shredder-herbivores feed on living aquatic 

plants that grow submerged in the water 

(northern casemaker caddisflies)

Shredder-detritivores feed on detritus, or 

dead plant material in a state of decay (giant 

stoneflies)



Scrapers/Grazers

• Adapted to remove and consume the 

thin layer of algae and bacteria that 

grows tightly attached to solid 

substrates in shallow waters

• Jaws of scrapers have sharp, angular 

edges (function like using a putty 

knife or paint scraper)

• After algae has been removed, the 

material is swept into the mouth by 

finger like projections from other 

mouthparts

(flathead mayflies, water pennies, snails)



Engulfer-Predators

• Feed upon living animals, 

either by swallowing the 

entire body of small prey or 

by tearing large prey into 

pieces that are small enough to 

consume

• Typically have large jaws with 

pointed ends and sharp, tooth 

like projections for attacking 

and devouring their prey 

e.g. (common stoneflies and hellgrammites)
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Stress Tolerance

Anthropogenic

pollution, removal of water 

by irrigation, dams, 

deforestation, removal of 

riparian vegetation

Freshwater invertebrates vary in their ability to cope 

with environmental stress 

Biomonitoring takes advantage of this situation by 

identifying whether an aquatic environment is 

inhabited predominantly by stress tolerant or stress 

intolerant organisms

Natural 

volcanoes, forest 

fires, floods, 

landslides



Morphological changes

•Changes due to natural dynamics, events

•Anthropogenic influences

Ecology

•Aquatic Flora

•Fauna (aquatic and floodplains)

Scales

•Macro catchment

•Meso river system

•Micro grain structure

•Pico single particle

Interactions

Landscape processes 

& habitat formation

Habitat condition & 

biological response

Habitat stability 

Habitat diversity

Habitat suitability



Yellow River, Dari section

Yellow River, Maqu sectionYellow River tributary, Lanmucuo

How is the river ecology??

Landscape processes & habitat formation



①

②

③

④

⑤

① Yalutsangpo (H: 3500-4500 m a.s.l.), Qinghai-Tibet Plateau

② Sanjiangyuan (H: 3500-4900 m a.s.l.), Qinghai-Tibet Plateau

③ Songhua (H <500 m a.s.l.), Northeast Plain

④ Juma (<300 m a.s.l.), North Plain

⑤ East (<100 m a.s.l.), South Plain

Case 1 Landscape gradient & macroinvertebrate 

biodiversity in the plateau



① Yalutsangpo (H: 3500-4500 m a.s.l.), Qinghai-Tibet Plateau, The 

upper course of the Brahmaputra River

Upstream, H=4484m Upstream, H=3768m Lhasa River, H=3598m



• Taxa richness is 21; 

• Dominant species: 

Acariformes, Baetidae, 

Perlidae, Chloroperlidae, 

Diamesa sp., Orthocladius

sp.

.

Perlidae BaetidaeChloroperlidae Orthocladius sp

Stream from the Nyenchen Tonglha mountains

Upstream, H=4484m



Upstream of the Yalutsangpo

Orthocladius sp. Tendipus sp.

• Taxa richness is 29; 

• Dominant taxa: Tendipus

sp., Stictochironomus sp., 

Orthocladius sp., 

Gammaridae; 

• Rare taxon: 

Branchiobdellidae

Branchiobdellidae

Upstream, H=3768m



A upstream tributary – Lhasa River

• Taxa richness is 25;

• Dominant taxa: Physa 

Draparnaud, Radix sp., 

Hippeutis sp., Gammaridae, 

Philopotamidae

Physa 

Draparnaud
Radix Hippeutis Gammaridae Philopotamidae

H=3598m
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Yellow River

Yellow River
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② Sanjiangyuan-Source Region of the Yellow River

Amphipoda

Site 1

Pyralidae

Site 3

Site 8

Brachycentrus sp.

Site 2

Radix ovata

Site 4
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• Taxa richness and distribution evenness was the highest in 

3000-4000m, followed by 4000-5000m, 2000-3000m, and 1000-

2000m

• All sites with H<1000m were located in the Grand Canyon, 

where the flow velocity is extremely high (>8 m/s), restraining 

macroinvertebrates’ survival



• The cumulative loss of families increased linearly as the altitude increased from

3000 to 4500 m. While the cumulative gain of families rarely changed with the

altitude, resulting in decreasing of cumulative taxa richness. The sharp

decreasing of Sn in 3500-4000 m was caused by the variation of food resource

availability and changes in geomorphology and water resources at different

altitudes.

• The vegetation belt varies from high-land steppe to complex vegetation with

grasses, herbs, shrubs, and woods in 3500-4000 m. Moreover, the main water

source for rivers higher than 4000 m comes from melting snow and ice, whereas

at altitudes lower than 3500 m rainfall is the main water source. Nevertheless, the

river patterns were different for rivers with altitudes below and above 3500 m.



Diversity comparison of the five sampled river basins

SR H Substrate composition h u
Alpha-diversity indices β-

diver
sityS H' B

YA
3500-
4500

five sites with boulder, pebble,
cobble, sand, and aquatic
macrophytes; two with sand,
gravel

0.3 
0,0.5

0.5 
0.3,0.

8

23 
17,33

2.1
1.7,2.7

13.1 
9.8,19.

2
4.72

JU <300
five sites with pebble, gravel,
sand, and aquatic macrophytes;
two with sand, silt

0.4 
0.2,0.7

0.3 
0.1,0.

6

27 
16,38

2.1 
1.2,2.6

12.3 
7.5,17.

3
2.75

SA
3500-
4900

five sites with gravel, sand, and
aquatic macrophytes; two with
silt and gravel

0.3
0,0.6

0.2 
0,0.5

11 
6,21

1.4
0.5,2.1

6.7
3.0,10.

0
4.24

SO <500
five sites with gravel, sand, and
aquatic macrophytes; two with
silt, fluid mud

0.7
0.3,1.5

0.3 
0,0.8

11
6,13

1.5
1.2,1.8

7.1
3.7,8.9

3.60

EA <100

three sites with gravel, sand,
aquatic macrophytes; two with
gravel and sand; two with fine
sand, silt and clay

0.7 
0.3,1.3

0.6 
0.3,1.

0

11 
6,15

1.6 
1.1,1.9

7.0
4.1,10.

1
3.10
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 Considering the influence of substrate composition, K-

dominant curves gave consistent results as the comparison 

of the biodiversity indices

 The highland rivers (source region of the major rivers) 

had higher regional biodiversity than the lowland rivers

 Rare taxa were sampled from the highland rivers, but not 

sampled from any other lowland rivers in China
Branchiobdellidae

Blephariceridae

Entomobryomorpha



Habitat condition & biological response

Stress Tolerance

Anthropogenic

pollution, removal of water 

by irrigation, dams, 

deforestation, removal of 

riparian vegetation

Freshwater invertebrates vary in their ability to cope 

with environmental stress 

Biomonitoring takes advantage of this situation by 

identifying whether an aquatic environment is 

inhabited predominantly by stress tolerant or stress 

intolerant organisms

Natural 

volcanoes, forest 

fires, floods, 

landslides



Flooding
Stream Bank Erosion

Low base flows 

caused by damming

Sedimentation

How is the habitat condition?



Intensive bedload motion and unstable habitat

How is the habitat condition?



Gold placer mining, gravel and sand mining

Gold placer mining in rivers has disturbed the benthic invertebrate 

community. Mercury is used in the process, which resulted in water 

pollution. 

Sediment mining, and removal of large boulders often cause instability 

of the channel and loss of habitat for benthic communities and loss of 

spawning ground for many fish species. 



Habitat condition and biological response



Habitat condition and biological response

Physical conditions:

water flow

suspended load

bedload

Chemical conditions:

water quality



Case 2 Influence of sediment composition & movement 

on macroinvertebrates

……
Gravel, cobbles

Bedrock

Fluid mud
Sand
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Correlation between biodiversity and bed sediment motion: stability

Stable bed

degradating river aggradating river

Intensive bedload 

motion, 

taxa richness = 0



Box-plots of taxa richness and individuals density for different 

geomorphologic classes

Correlation between biodiversity and bed sediment motion: stability

Multiple-river Investigation



Experimental study on river bed stability effect on biocommunity

SG

JJ

DBNDG

Streambed stability index, 

Bs



Shengou 
River

Diaoga 
River

Jiangjia 
River

Dabaini 
River

Basic parameters 
of streams

D50 (mm) 152 81 58 5.2

Sp 0.27-0.32 0.10-0.15 0.07-0.13 0.03-0.04

gb (kg s-1 m-1) 10-4-10-3 10-4-10-2 10-2-100 10-1-100

J 0.148 0.029 0.063 0.043

Qk (m3 s-1) 0.05 0.05 0.06 0.1

A (km2) 37.9 67.6 48.6 18.7

Environmental 
parameters 

(mean ± SE)

Water depth (m) 0.08±0.01 0.12±0.04 0.08±0.01 0.07±0.02

Flow velocity (m
s-1)

0.34±0.10 0.52±0.14 0.68±0.08 0.44±0.05

Conductivity (μS
cm-1)

987±17 523±3 405±5 1077±11

Basic parameters of the four streams and environmental parameters (mean 

± SE) of sampling sites



SG, Bs = 54.4

DG, Bs = 2.5

SG

DG

Streambed stability index, Bs



JJ, Bs = 1.5

DBN, Bs = 0.6

Streambed stability index, Bs

JJ

DBN



Correlation between biodiversity & bed sediment motion: stability



Distribution of Sampling Sites

Case 3 Influence of stream power on macroinvertebrates



• Stream power and proportional composition of 

functional feeding groups at each sampling site



• Responses of invertebrate density to environmental 

gradients



• Ecological differences of stream power levels



• Environmental Preferences



• Adaptability Model

(a) Enlarged gills 

of Rhithrogena

sp. meet beneath 

abdomen to form 

a ventral disc

(b) Epoicoladius

larva lives 

commensally on 

Epeorus sp. 

nymph.



Habitat has a definable carrying capacity, or 

suitability, to support or produce wildlife 

populations. The capacity depends on the habitat 

diversity. 

The physical conditions of stream habitat are mainly 

1) substrate; 2) water depth; and 3) flow velocity.

A habitat diversity index, HD, is proposed as follows 


i

ivhD NNH 

Case 4 Relations between habitat diversity/ 

suitability and macroinvertebrates



• If a stream has three water areas: 1) shallow water, in 

which the water depth is in the range of 0~0.1 m; 2) mid 

depth water, in which the water depth is in the range of 

0.1~0.5 m; and 3) deep water, in which water depth is 

larger than 0.5 m, and each of the three areas is larger than 

10% of the stream water surface area, Nh=3. 

• The value of Nh for other cases can be analogously 

obtained. 

• If a stream has three water areas: 1) lentic area, in which 

the flow velocity is smaller than 0.3 m/s; 2) mid-velocity 

area, 0.3-1 m/s; and 3) lotic area, in which the velocity is 

larger than 1 m/s, Nv=3. 



• If a streambed has three parts with different substrates: 

boulders and cobbles, aquatic grasses, and fluid clay mud, and 

each of the three parts is larger than 1/10 of the total stream 

area, the sum of the -values for the stream is

•

• If the streambed is covered by moving sand and gravel or the 

bed is very unstable, the substrate diversity is zero. 

14356 
i

i

 

Table 10.3 Substrate diversity, , values for different substrates (Wang et al., 2008) 

Substrate Boulders 

and 

cobbles 

(D＞200 

mm) 

Aquatic 

grass 

Gravel 

(2-200 mm) 

Flu id clay 

mud 

(D<0.02m

m) 

Silt  

(0.02 

~0.2 

mm) 

Sand 

(0.2~2 mm) 

Unstable sand, 

gravel, and silt 

bed  

(0.02~20 mm) 

  6 5 4 3 2 1 0 
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Fig. 10.36  Relation between habitat diversity, HD, and Shannon-Weaver index, H  (upper); and the relation 

between habitat diversity, HD, and bio-community index, B (lower)  
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Fig. 10.36  Relation between habitat diversity, HD, and Shannon-Weaver index, H  (upper); and the relation 

between habitat diversity, HD, and bio-community index, B (lower)  

 

The relation between habitat diversity, HD, and Shannon-

Weaver index, H for the East River

The relation between habitat diversity, HD, and bio-community 

index, B for the East River



The physical conditions of stream habitat are mainly 1) 

substrate; 2) water depth; and 3) flow velocity.

Similarly, a habitat suitability index, HSIm, is proposed as 

follows 

Taxa richness, S, and modified Shannon-Wiener, B, as 

functions of habitat suitability index HSIm, i.e. the greater the 

habitat suitability, the higher is the biodiversity.

m h v s wHSI SI SI SI SI   

r  = 0.88

0

5

10

15

20

25

30

35

0.0 0.2 0.4 0.6 0.8 1.0

HSI m

S

0.0

5.0

10.0

15.0

20.0

0.0 0.2 0.4 0.6 0.8 1.0

HSI m

B

r = 0.91



Contents

1. River Ecology

2. Interaction between Sediment 

and Aquatic Biocommunity

3. Restoration Strategies



Biological Integrity

“the ability to support and maintain a balanced, 

integrated, and adaptive community of organisms 

having a species composition, diversity and functional 

organization comparable to those of natural habitats 

within a region”(Karr,1981)



http://www.powershow.com/view/14735d-ZDBhO/Restoration_Ecology_powerpoint_ppt_presentation



Integrated River Management ?



Integrated Water Resources Management 

Concepts

Supply Oriented

Mono-Sectoral 

Approach

Demand Oriented

Multi-Sectoral 

Approach

IWRM

IWRM is a process which promotes the co-ordinated

development and management of water, land and related

resources, in order to maximize the resultant economic and

social welfare in an equitable manner without compromising

the sustainability of vital ecosystems (GWP 2000).

Yazdandoost F., 2015, 
ISI Programme Planning Workshop 



Towards Sustainable Sediment Eco-
environment Management

Economy

Eco-
Environment

Society

Fishery

Harbors

Industry

Minerals

Process Water

Structures(Lock

, Bridge, etc)

Agricultures & 

Forestry

Navigation

Nature

Habitat

Floodpain

Wetlands

Water Quality

Water Quantity

Ecosystem

Heritage

Recreation

Drinking Water

Safety/Flood 

Protection

Landscape  

Aesthetic

Archaeology

Sediment

ValuationIntragenerational

Equity

Stakeholders 

Participation

Sustainable Development is

development that meets the

needs of the present without

compromising the ability of

future generations to meet

their own needs. (Brundtland,

Report,1987)

Yazdandoost F., 2015, 
ISI Programme Planning Workshop 



Sumi et al., Asian River Restoration Network (ARRN) forum 2015



Sumi et al., Asian River Restoration Network (ARRN) forum 2015



Tetsuya Sumi. Water Resources Research Center, Disaster Prevention Research Institute, Kyoto University, Japan

Concept of river restoration by flow and sediment 

management considering relationship between geomorphic 

and habitat measures



The critical ecological functions of rivers are habitat, 

conduit, filter, barrier, source and sink. Restoration is 

performed in order to enable the six functions to be 

effectively restored. 

How to guide the restoration? 



How to guide the restoration? 



• Design of instream habitat restoration can be 
guided and fine tuned by assessing the quality and 
quantity of habitats provided by the proposed 
design. 

• Stabilization of the channel is of top importance for 
ecological restoration. 

• Man-made structures are less sustainable and 
rarely result in a stable channel. 

• Design should rely on natural fluvial processes
interacting with floodplain vegetation to provide 
high-quality aquatic habitat.

Design of stream restoration 



• Bionics is the application of biological 

methods and systems found in nature to the design 

of engineering systems, which may be used for 

stream restoration.

e.g. In nature beavers construct dams to improve 

the habitat diversity for shelter and food.

 The beaver dams have major effects on 

hydrology, sedimentation, and mineral nutrients 

 The ponds combine slow flow, near-constant 

water levels, and low turbidity that support fish 

and other aquatic organisms 







Five steps to restore instream habitat

1. Evaluate fish or other organisms 

population and their habitats

2. Diagnose physical habitat problems

3. Design a habitat improvement plan. Set 

target flows for critical periods derived 

from the historical data

4. Implement of planned measures 

5. Monitor and evaluate results 



Instream Structures 

• Common types include weirs, deflectors, random 

rocks, bank covers, substrate reinstatement, fish 

passage structures, artificial wetlands, off-channel 

ponds and covers

• Species-centered restoration - Many angling 

organizations have used instream structures to 

improve habitat for maximum production of 

salmonids and other game fish 

• Restoration of macroinvertebrate communities is 

essential since they often form a substantial portion 

of the food supply for fish



Some structural techniques used for instream 
habitat improvement

Type Functions

Deflectors To direct flow and eliminate accumulated 

sediment or to narrow a channel, thereby 

increasing the velocity and creating a scour pool 

with a corresponding downstream riffle

Small weirs or 

sills

Diversify habitat by impounding a greater depth 

of flow above the structure and by increasing the 

velocity downstream to erode a scour pool

Substrate 

placement 

Placement of new substrate to enhance the 

habitat for fish and macroinvertebrates

Devices 

providing direct 

cover

Fixed to the bed or banks of a channel to float 

and adjust their level with varying discharge



• Deflectors

Deposition induced both upstream and downstream from 
limestone deflectors in a channel in England. One year 

after the implementation vegetation has become established 
on the deposit (Brookes).



• Weirs 
Habitat provided by weirs can be particularly valuable in 

channelized streams experienced relatively high levels of erosion 

and deposition. 



Riprap weirs



Destroyed weirs by flood



Modification of Substrate

- Boulders, cobbles, and gravel are the best substrate for 

stream ecology; aquatic plants provide stable substrate and 

nutrient for aquatic animals; fluid mud layer is also good 

substrate for lake and very low current environment. 

- Cobbles have been placed in channels to provide cover for 

fish, to improve the pool-riffle characteristics, to provide 

additional habitat for fish or to protect banks from erosion.

- In lowland streams where no local rock exists, large logs or 

wooden pilings may have ecological advantages over 

boulders. 

- Although woody structures do not last as long as rock, they 

provide a carbon source and may be more acceptable to 

organisms that have evolved to live on submerged woody 

debris. 



The sand substrate of the Qingxichuan River in Seoul 
is replaced by gravel and boulders to improve the 

stream habitat 



Field experiments by replacing the substrate 

with gravel and stones 







Devices which provide cover

- Overhanging vegetation, log overhangs, platforms, 

felled trees have been demonstrated particularly 

effective at increasing the number of fish. 

- Artificial “fish attractors” (cover device made of brush, 
bundles of old tires) have been used in North American 
reservoirs.

- Materials used to construct the attractor determine
which species exploited the created habitat. 

- Attractors made from the branches of trees were 
reported to be more successful in attracting fish.

- Artificial fish reefs (sunk ships) in the Yellow sea and 
Bohai sea have increased fish harvest



Riparian trees and wood logs provide shade and shelter for 
aquatic wildlife and attract many fish 





Stabilization Techniques 

- Bank erosion and bed incision causes habitat-loss. 

Stabilization of the banks is often required for eco-

system restoration. 

- Pole plantings and live stakes taken from species 

that sprout readily (willows) are more resistant to 

erosion and can be used on the bank. 

- The reliable sprouting properties, rapid growth, 

and general availability of cuttings of willows and 

other pioneer species makes them particularly 

appropriate for use in bank re-vegetation projects.



Anchored Cutting Systems

- Brush mattresses are typically used on the face of 

a bank. Brush layers are cuttings laid on terraces 

dug into the bank, then buried so that the 

branch ends extend from the bank. 

- Anchored bundles of cuttings also have been 

installed perpendicular to the channel on newly 

constructed gravel floodplain areas to dissipate 

floodwater energy and encourage deposition of 

sediment. 



Bank stabilization with cuttings, pole plantings, and live stakes taken 
from species that sprout readily (e.g., willows)



Tree revetments are made from whole tree trunks laid parallel 

to the bank, and cabled to piles. 

Some projects have successfully used 

large trees in conjunction with stone 

to provide bank protection as well as 

improved aquatic cut into the bank, 

such that the rootwads extend 

beyond the bank face at the toe.

Trees and Logs



The protruding rootwads effectively reduce flow velocities at the 
toe. 



The reliable sprouting properties, rapid growth, and general 
availability of cuttings of willows and other pioneer species 
revegetate the banks quickly.



Geotextile Systems

Geptextiles have been used for erosion control on road 

embankments and other upland settings, or with plants 

placed through slits in the fabric. In self-sustaining stream 

bank applications, only natural, biodegradable materials 

should be used, such as jute or coconut fiber. 



Artificial Wetlands and Food Patches

- Artificial wetland, for instance green tree reservoir, 

is employed.  

- Green tree reservoirs: shallow, forested flood-plain 

impoundments usually created by building low 

levees and installing outlet structures. They are 

usually flooded in early fall and drained during late 

March to mid-April.    

- The restoration of wetland is applicable to the flat 

coastal areas in China.



Create Nest Structures and Food Patches

Loss of riparian or terrestrial habitat has resulted in the 

decline of many species of birds and mammals. 

Food patch planting can be carried out in wetlands or 

riparian systems mostly for the benefit of waterfowl. 

Two commonly planted native species include wild 

rice and wild millet.

Snags for nest structures can be created using girdling, 

or topping of trees. 







Wetland in the Yellow River delta



Restoration of Urban Stream Ecosystems

Urbanization is very often the strongest disturbances to the river 

ecosystems. The development of residence area may severely 

impair the riparian vegetation.

Tool 1 Partially restore the predevelopment hydrological regime 

Tool 2 Reduce urban pollutant pulses

Tool 3 Stabilize channel morphology

Tool 4 Restore instream habitat structure. Key restoration 

elements include the creation of pools and riffles, deepening of 

the low flow channels, and the provision of greater structural 

complexity across the streambed

Tool 5. Reestablish vegetative banks and riparian cover

Tool 6. Protect critical stream substrates

Tool 7. Allow for recolonization of the stream community



• Mimic the nature

Qingxichuan River 



Review Questions

1. Describe the aquatic eco-system and the food chain.

2. What are the main ecological conditions affecting 

river bio-communities?  

3. What are the ecological functions of rivers?

4. List the ecological stresses on the river ecosystems?

5. What is indicator species? What are the indices of 

biodiversity?

6. What is habitat diversity? What is the relation 

between habitat diversity and bio-diversity?

7. What instream structures can be used for habitat 

improvement?

8. Why re-linkage of riparian lakes and wetlands with 

the river enhance the alpha and beta biodiversities? 



The riparian forests on the two rivers are artificial. The 

right one has much higher faunal bio-community. Why?



Which stream has the highest bio-diversity? Why?



How can we restore and improve the aquatic 

ecology of the Beijing urban stream (which is not 

for flood drainage)? 



Why the biodiversity of Zengjiang Bay is much higher 

than that of the  Xizhijiang Oxbow Lake?


