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Write what you know. 

- Mark Twain 

The Adventures of Huckleberry Finn 



I. Theory 



What’s in a Word? 

• Stream Restoration 

• River Restoration 

• Stream Stabilization 

• Ecological Restoration 

• Ecosystem Restoration 

• Reclamation 

• Rehabilitation 

• Stream Improvement 

So What Does This Mean? 



“Ecological Restoration” 

• The outcome of ecological restoration is necessarily a 
contemporary expression and not a return to the past. We 
restore historical ecological continuity, not historic 
ecosystems. 

 
• A record of the sequential changes in expression that an 

ecosystem undergoes through time is called its historic 
ecological trajectory. If an ecosystem is impaired, its historic 
trajectory is interrupted. Ecological restoration allows an 
ecosystem to resume its historic trajectory. 
 

• Ecological restoration reinitiates ecological processes, but we 
cannot intervene and create desired outcomes directly. 
Instead, we manipulate biophysical properties of an impaired 
ecosystem to facilitate resumption of processes that can only 
be performed by living organisms. 
 
 

 
 



A Conflict with “Stream Restoration”? 

• Integrated, applied , multi-disciplinary science, 

founded on principles of:  

o fluvial geomorphology 

o hydrology  

o water resources engineering  

o vegetation ecology  

o soil science 

o fisheries biology  

o additional disciplines as required on a given project 

• Natural Channel Design 
 



Natural Channel Design 

 A geomorphic approach developed by Dr. Dave Rosgen that 
incorporates a combination of analog, empirical and analytical 
methods for assessment and design.  

 An ecological restoration process by which new or re-constructed 
stream channels and their associated floodplain riparian systems 
are designed to be naturally functional, stable, productive and 
sustainable. 

 



How Do You Apply Restoration Principles? 

• Restoration based on NCD involves restoring the dimension, 
pattern and profile of a disturbed river system to emulate the 
natural, stable river appropriate for it’s valley type.  

• Restoration involves securing physical stability and biological 
function, rather than the unlikely ability to return the river to a 
pristine state. 

• What is “natural” vs. what is “possible” given irreversible 
changes 

 • Historical Range of Variability (HRV) 
 

• Desired Future Conditions (DFCs) 
 

• Resilience (Ecological/Engineering) 
 



Historical Range of Variability (HRV) 



Desired Future Conditions(DFCs) 

• Describes what a landscape should be like after 
implementation of the management direction  

• summarizes the anticipated changes that would result 
from carrying out planned management practices.  

• It is an expression of resource goals that have been set for 
a unit of land.  

• It includes a description of physical and biological 
processes, the environmental setting and the human 
experience. 



Resilience  
(Holling 1973) 

• Engineering Resilience 
• concentrates on stability near an equilibrium steady state, where 

resistance to disturbance and speed of return to the equilibrium 
are used to measure the property 

• focuses on efficiency, constancy, and predictability 
 

• Ecological Resilience 
• emphasizes conditions far from any equilibrium steady state, 

where instabilities can flip a system into another regime of 
behavior-that is, to another stability domain 

 

• the magnitude of disturbance that can be absorbed before the 
system its structure by changing the variables and processes that 
control behavior 
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Types of ecosystems under varying levels of biotic and abiotic change. A historical ecosystem remains within its historical range of 
variability; a hybrid system is biotically and/or abiotically dissimilar to its historical ecosystem but is capable of returning to the historical 
state; novel ecosystems are biotically and/or abiotically dissimilar to the historical state and have passed a threshold such that they 
cannot be returned to a historical state. Pathways represent possible directions of change: (1) shifts from historical to hybrid systems 
that are reversible; (2) non-reversible shifts from historical or hybrid ecosystems to novel ecosystems; and (3) further biotic and abiotic 
shits are possible within novel ecosystems. 

Adapted from Hobbs et al. (2009) 
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II. Practice 

(Research) 



Revegetation Research 

 Encampment River, Carbon Co. WY 

• Mining, timber/tie hacking, 

agriculture, grazing, water diversion 

 Multiple restoration projects 

• Reduce bank loss, erosion; improve 

trout habitat/passage 

 Cobble-bed system; revegetation difficult 

 Cooperators: WYGFD, TU, SERCD 



Encampment River Issues 
• Historic and current land use practices have resulted in 

channel aggradation, over-widening, and bank erosion 



Grand Valley Ditch 



Double-Step Rock Cross Vane 



Downstream of the Cross Vane 



Encampment River – Boykin Overview  



Where’s the Vegetation? 



Problem: 
• Coarse cobble substrate, limited fines, fluvial 

disturbances (scour, deposition, etc.) – exacerbated 

by construction disturbance 

Research Goal: 
• Improve riparian vegetation establishment post-

construction of restoration reaches: woody species 

Phase 1: 
• Test the survivorship and growth of willow live stakes at 

multiple floodplain elevations on riffles and point bars.  

Phase 2: 

• Test the survivorship and growth of container grown 

native riparian species at bankfull elevations. 

 

Experimental Design – Overview 



Coyote willow (Salix exigua) 
 

• Native  

• Thrives below bankfull 

• Rhizomatous – spreads 

vegetatively, vigorously 

• Well-adapted to 

deposition/scour 

 

Experimental Design – Phase 1 



Experimental Design – Phase 1 

Riffle Plot: 

• 42 feet long x 3 feet wide 
• Oriented parallel to channel 

• Willows planted in 2 rows on 3-ft centers  

• 30 willows/plot 

3’ 

3’ 

42’ 

FLOW 



Experimental Design – Phase 1 

Point Bar Plot: 

• 27 feet long x 6 feet wide 
• Oriented perpendicular to flow 

• Willows planted in 3 rows on 3-ft centers  

• 30 willows/plot 

3’ 

3’ 

3’ 

27’ 



Experimental Design – Phase 1 
Riffle Plots – Salix exigua 

Bankfull 

Two Treatment 

Elevations:  
• 1 block @ Bkf 

• 1 block on 

inner berm 

 
6 Replicates at 

each elevation 

(3 riffle pairs) 

 

Inner Berm 



Experimental Design – Phase 1 
Point Bar Plots – Salix exigua 

6’ 

6’ 

Three Treatment 

“Elevations”:  
• 1 block @ Bkf 

• 1 block on 

inner berm 

 

3 Replicates at 

each elevation  



Boykin–3, including SAEX test blocks 
(11/13) 

Encampment River – Boykin Lower Reach  

Riffle Plots 

Point Bar Plots 





Common native riparian trees/shrubs 
 

Experimental Design – Phase 2 

Scientific Name Common Name Source Pot Size 

Alnus incana ssp. tenuifolia thinleaf alder NFNP 14" DR 

Betula occidentalis (14"DR) water birch NFNP 14" DR 

Betula occidentalis (5gal) water birch CSR 5 gal 

Cornus sericea Redosier dogwood NFNP 14" DR 

Crataegus rivularis river hawthorn CSR Qt 

Prunus virginiana chokecherry NFNP 14" DR 

Ribes aureum golden currant NFNP 14" DR 

Rosa woodsii Woods rose NFNP 14" DR 

Salix boothii Booth's willow CSR Qt 

Salix geyeriana (10ci) Geyer willow CSR 10ci 

Salix geyeriana (Qt) Geyer willow CSR Qt 

Salix monticola park willow CSR 10ci 



Encampment River, Boykin Reach 

Riparian Revegetation Study – Phase 2 
 

Experimental Design 

Bkf 

Right Bank Plot 

(Odd #s) 

Bkf 
Left Bank Plot 

(Even #s) 6 study plots, each 

having three blocks of 

15 plants (45 plants per 

plot; 270 plants total in 

the experiment).  
 

Plots are arranged in a 

randomized complete 

block design with a 
split-plot treatment 

structure to test the 

effects of elevation 

(relative to Bkf) and soil 

amendments on the 

growth of native 

woody riparian species 

on disturbed river 

banks. 
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Scientific Name Common Name CODE Plot 1 Count 

Crataegus rivularis River hawthorn CR 4 

Salix boothii Booth’s willow SB 3 

Salix geyeriana (Qt) Geyer willow SGQt 4 

Salix geyeriana (10ci) Geyer willow SGc 6 

Salix monticola Park willow SM 6 

Betula occidentalis 
(5gal) 

Water birch BO5 0 

Betula occidentalis 
(14"DR) 

Water birch BO  8 

Alnus incana ssp. 
tenuifolia 

Thinleaf alder AI 5 

Cornus sericea Redosier dogwood CS 3 

Prunus virginiana chokecherry PV 0 

Rosa woodsii Woods rose RW 3 

Ribes aureum Golden currant RA 3 

Total plants =  45 
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Note: Three complete plots will be located on the right bank (odd-numbered 

plots); three on the left bank (even-numbered plots). This will  allow a 50/50 ratio of 

the soil treatment split-blocks to be oriented on the upstream and downstream 

ends of the plots, respectively. Plot graphics are oriented facing the river  (top of 

page) with Block 1 on the riverbank below Bkf, Block 2 at the Bkf elevation, and 

Block 3 in the overbank zone. 

Encampment River FLOW FLOW 





Preliminary Results 

Overall Year 1 survival for Riffle Plots:  31% 

Year 1 Survival for Upper (Bkf) Blocks: 57% 

Year 1 Survival for Lower (inner berm) Blocks: 4% 

Year 1 survival for top row of upper blocks: 63% 



Future Research Directions 

• Revegetation – biological experiment 

• Morphodynamics – flow field + sediment 

• Riparian vegetation partially controls - and is 

simultaneously controlled by - fluvial-geomorphic 

processes. 
 

• Biogeomorphology: 

branch of river science in which the 

relationships between biological communities 

and geomorphic form and process are 

investigated. 
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Christina Barrineau, WYGFD 

 

Jeff Streeter, Trout Unlimited 

 

Staff from WYGFD, Stantec, 

SERCD, Olson Excavating 



This slender blue thread,  

if anything,  

connects everything. 

Jim Harrison and Ted Kooser 

Braided Creek 


