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ABSTRACT

For docades, Channel Evolution Models have provided wseful templates for understanding morphaological responses to disturbance associated
with lowering base level, channelization or aliemtions to the flow andfor sediment regimes. In this paper, two well-established Channel
Evolution Madels are revisited and updated in light of recent rescarch and practical expericnce. The proposed Stream Evolution Model
includes a precursar stage, which recognizcs that streams may naturally be multithreaded prior to distwbance, and represents stream
evolution as a cyclical, rather than lincar, phenomenon, recognizing an @volietonery cyole within which streams ad vance firowgh the commaon
sequence, skip some stages entirely, nooover to a previous stage or even repeat pans of e evolutionary cycle.

The hydrologic, hydraslie, morphological and vegetative attributes of the streamy during each evolutionary stage provide varying mnges
and qualitics of hahitat and coosystem benefits. The authors” personal expericnee was combined with information gleaned from recent
literature 4 construct a Auwvial habitt scoring scheme that distinguishes the melative, and substantial differences in, coological valees of
different evolutionary stages. Consideration of the links betwoen stream evolution and ecosysem servioes keads to improved wnderstanding
of the ecologicsal states of contemporany, managed rivers compared with their historieal, unmanaged counterpans. The potential wtility of the
Stream Evolution Model, with its inerpretation of habitat and ecosystem benefits includes improved river manage ment decision making with
respect to future capital investment not only in aquatic, riparian and foodplain consery ation and restoration but also in inte rventions intendaed
to promote species recovery. Copyright © 2013 John Wiley & Sons, Ltd
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Outline:

* CEM’s, review

* SEM overview

* Habitat and Ecosystem Benetits Linkage
* Example Uses and Implications
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Precursor stages
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Broader definition: Stream system process attributes

channel form and process attributes.

Alluvial fan zone:
Depositional fans accumulate coarse

sediment, buffering transfers downstream.

Frequent avulsions in multiple Stage 0-1
channels, if undisturbed.

Deposition zone:

Fine sediment is naturally deposited
on floodplain/coastal plain or as a
delta. Domain of Stage 0-1 channels
if undisturbed.

Sediment supply zone:

Weathering and erosion of steep slopes. Multiple tributaries
collect sediment and supply it to the mainstem. Forced
settings have single thread channels. Intermittent mountain
meadows and valleys have Stage 0-1 channels where
undisturbed.

Transfer zone:

Main stream receives and exchanges coarse
sediment loads with floodplain, buffering
downstream transfer. Domain of Stage 0-1
channels if undisturbed.







tream Stages have varying ranges
and qualities of habitat and
ecosystem benefits.

* Assessment per stage:

 Interpretation of processes and resulting physical
attributes,

e Informed by published relationships between stream
attributes, functional habitats, and freshwater ecology.

|Harper et al., 1995; Padmore, 1997; Newson and Newson,
2000; Thorp et al., 2010; Thorp et al. 2006 - RESM]




uvial habitat scoring scheme:

* Hydrogeomorphic attributes (26)
Hydraulic complexity

Physical channel dimensions, #
Hydrologic regime, floodplain
Channel and floodplain features
Substrate - sorting/patchiness

o = absent
1 = scarce/partly functional
2 = present and functional

3 = abundant/fully functional

Vegetation

* Habitat and
- Refugia frc

tributes (11)
rought

ity/temperature/nutrient cycling
natives/1° & 2° productivity

aFM ater quality
1* Biota-di TS
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Habitat and Ecosystem Benefits Table

Stage 0 1 2 3 3s 4 4-3 5 6 7 8
Flood Refugia 3 2 0 0 0 0 1 1 1 2 2
Drought Refugia 2 3 0 0 0 0 0 0 1 3 2

Eiosed tree roots 3 1 0 1 1 1 0 0 1 1 3

Clarity 3 2 1 0 0 0 0 1 2 2 3
Temperature amelioration 3 3 g i: 2 0 0 i 2 4 3!
(shade and hyporheic flow)

nutrient cycling 3 2 1 0 0 0 0 i 1B 2 ]
Biota

Biodiversity (species

richness and trophic 3 2 0 1 1 1 1 i 1 2 3
diversity)

Proportion of Native Biota 3 2 1 1 1 1 : 1 1 2 3
1st and 2nd Order 3 ) 1 1 ) 1 0 1 ) ) 3

Productivii

Disturbance 3 3 1 0 1 0 0 1 1 2 2
Flood and Drought 3 2 0 0 1 0 0 1 2 1 2
Results
possible| 33 33 33 33 33 33 33 33 33 33 33
sum| 32 24 6 5 9 4 3 9 15 22 29
ratio| 97% 73% 18% 15% 27% 12% 9% 27% 45% 67% 88%
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and restoration: example

* Stabilization prevents evolution

* High value streams evolution

* Resilient to disturbance, to climate

® Process discontinuities create HV
habitat

Sediment supply zone:

Weathering and erosion of steep slopes. Multiple tributaries
collect sediment and supply it to the mainstem. Forced
settings have single thread channels. Intermittent mountain
meadows and valleys have Stage 0-1 channels where
undisturbed.

Alluvial fan zone: "
Depositional fans accumulate coarse
sediment, buffering transfers downstream,
Frequent avulsions in multiple Stage 0-1
channels, if undisturbed.

Transfer zone:

Main stream receives and exchanges coarse
sediment loads with floodplain, buffering
downstream transfer. Domain of Stage 0-1
channels if undisturbed,

Deposition zone:
Fine sediment is naturally deposited
on floodplain/coastal plain or as a
delta. Domain of Stage 0-1 channels
if undisturbed.




