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Structure, Function and

Services

Structure: The characteristic structure of an
ecosystem Is defined by the physical
organization of the abiotic and biotic
components of that particular system.

Function: The characteristic exchanges of
material, energy and nutrients within an
ecosystem are called ecosystem functions.

Services: The specific ecosystem functions that
are apparently beneficial to human civilization
are called ecosystem services.
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Example Functions

System Hydrologic Sediment Biological Chemical
Dynamics Balance Processes and Support Processes and
Character Pathways

Stream Surface Water Sediment Biological Water and Soil

Evolution Storage Continuity Communities Quality

Processes Processes and Processes

Energy Surface / Substrate and Necessary Chemical

Management Subsurface Structural Habitats for all Processes and
Water Processes Life Cycles Nutrient Cycles
Exchange

Riparian Hydrodynamic Quality and Trophic Landscape

Succession Character Quantity of Structures and Pathways

Sediments Processes
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Ecosystem Services
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Hydrology
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Lane’s Relation
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Excess Water
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Excess Sediments




Slope Adjustments
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CEM Stages
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Landscape Changes

= Vegetation clearing/
alteration

= Topsoll removal/
homogenization

= Changed contours
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Vegetation Effects

Interception

— Rain is prevented from getting to the

land surface
Transpiration

— Diffusion of water vapor from plant
leaves to the atmosphere

Evapotranspiration
— Combination of evaporation and

transpiration

Resistance
Stability
Shading

Air movement
effects

Bank strength

 Debris trapping and
supply

 Nutrient sourcing

» Hydraulic friction
 Velocity refugia

precipitation

canopy
interception
and evaporation

throughfall lFetar

interception
and
2 evaporation

litter

net rainfall entering
the soil

mineral soil




Hydrologic Alteration
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Fig. 1.15 - A comparison of hydrographs before and after urbanization. The discharge
curve is higher and steeper for urban streams than for natural streams.

In Stream Corridor Restoration: Principles, Processes, and Practices (10/98).
Interagency Stream Restoration Working Group (15 federal agencies)}(FISRWG).
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Fig 7-13. An idealized section through an upland forest basin, showing the varying source area for
stormflow (direct runoff) and the source of delayed baseflow (from Hewlett and Hibbert 1967).




Q or STAGE

STORM HYDROGRAPH

Lag Time or
Hydrologic Response

Recession

Limb

Rising
Limb

Time of Rise TIME

®

21 BUILDING STRONGg,




HYPOTHETICAL WATERSHED RESPONSE, STORM HYDROGRAPHS

URBAN OR ALTERED WATERSHED

NATURAL WATERSHED

Q or STAGE

TIME

®

22 BUILDING STRONGg,




Daily average discharge {msls)

Hydrograph Keys
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Hydrograph Keys
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Hydrologic Characteristics

Rivers need natural flow magnitude, frequency, timing, duration, rate of change

Natural Flow Regime
Component Specific Alteration Ecological Response

magnitude and frequency increased variation loss of sensitive species

magnitude and frequency flow stabilization invasion of exotic spp.

loss of seasonal peaks disrupt cues for fish

duration prolonged low flow increased temp; conc. of organisms

duration prolonged inundation change in vegetation; tree mortality

rate of change rapid stage change wash-out of aquatic spp., stranding

Poff et al. 1997




Surface/Groundwater
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Sediment Processes

Increased yield
Changed PSD
Embeddedness

Assoclated contaminants

Clay Sand

W organic coating
B iron coating

Fig. 2,19 — The organie coatings on suspended sediment from yiresms, Water chemistry delirmingy
whether sediment will carry adsorbed ials or if stream sedi will be coated.

In Stream Corridor Restoration: Principles, Processes, and Practices (10/98).

Interagency Stream Restoration Working Group (15 federal agencies)(FISRWG).
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Energy Processes

= Primary productivity = Downstream transport
= Organic matter input = Respiration
= Transformation = Nutrient uptake

Water chemistry Temperature regime Water velocity, turbulence

_____________
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Water Quality

Specific conductivity
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Temperature
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Cascading Effects

changes in
land or stream
corridor use

, changes in

geomorphology
and hydrology

changes in
stream

hydraulics \

changes in function
such as habitat,
sediment transport,
and storage

changes in
population,
composition, and
distribution,
eutrophication,
and lower water
table elevations

®

30

BUILDING STRONGg,




Cumulative Effects on

Aquatic Organisms

Fishes:

loss/alteration of habitat

spawning, feeding, refugia

fragmentation of habitat
scour of gills, eggs, YOY
clogging of gills

Impairs respiration
increased stress

decreased growth
disruption of spawning cues
community shift

reduced diversity

Pre-1930’s

Yirginia /—i_é’

\--..;:,;..\_ . .i f ':-::- .-"‘-\._ l|" _: -]
e e Sl T e : Y [ 1Range
o o .._)i,_/.__/’ | i ' - [E] ; f
f m_,;/'\ 1 Ay :,E:E"_,-’/ | Geargia \ @ gt?;!:d":'n
Present
\é R
= ginia
o S
k ];r'_” Kentucky . J_f_,//cfc:,//d' T
T {.\uﬂ“ -_—'7\'_,
e 2 .:-4‘5 =

] Tennessee
P
oA

o

?ﬁ \'illl_\_[_
JF The X
x\-‘!'n b

c
S ey
=

ﬁx\kﬁf"k e :H/“/ lllll

=
L

Geargia




Invertebrates/Autotrophs

Invertebrates:

- loss of habitat: embeddedness
- increases drift

- clogging, and scouring of gills
- community shift

Autotrophs:

- increased sunlight/photosynthesis
- surface scour...affects periphyton
- reduced water
clarity/photosynthesis

- deposition: buries algae
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Introduction of exotics
Hydrology/Hydraulics
Harvesting Game Species

Desiccation

20

Consumers:

Fish, Wildlife,
Humans

Hydrologic Modifications
Impoundments
Ditching/Draining
Consumptive Use

Bedforms/Habitat

19 Consumers:
benthic Invertebrates,
zooplankton, some fish
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Habitat Disruption
Physical Alterations

Accelerated Sedimentation Bed Mat'l/Substrate

WQ Impairment
Organic Enrichment
Nutrient Enrichment
Toxics/Contaminants

Light Penetration

Producers: Algae, macrophytes,
Terrestrial, plant leaf litter,

bacteria, detritus Temperature

Pt 2010

Factors affecting aquatic ecosystems depicted at trophic levels ®

BUILDING STRONGg,




River Continuum Concept

A river's biological and chemical
processes correspond to its
physical attributes. The nature
of biological communities

changes in a downstream

direction In relation to the
changing, but predictable
ohysical structure. This means
that the structure of the
niological communities Is also
oredictable and that the
communities adapt to the
particular conditions of a stretch
of stream.

(Vannote et. al. 1980) BUILDING STRONG,




Particle Size Distribution

Rosgen (1994)

Trimble (1993)

10
11
12

Strahler Order (1952)

River Continuum Concept (Vannote 1980)
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PIR>1
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Temporal Response/Recovery

36




Attributes of Restored Systems:

= Characteristic assemblage of species, including
Indigenous species to extent practicable

= All functional groups present for continued
development along appropriate trajectory

= Physical environment capable of sustaining
reproducing populations of species necessary for
community maintenance

= Normal function for stage of ecological development,
recognizing that character and functions may/should
change with time

= Suitably integrated into the landscape

= Potential threats from surrounding landscape
removed

= Sufficiently resilient to endure normal periodic stress

= Self-sustaining

®
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Questions?
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