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Foreword

If things in nature are beautiful, their beauty is not superficial 
but the resultant form of definite purpose. In the main nature is 
practical—much more so than man. Its forms are functional 
forms derived from necessity. And precisely because in the best 
sense of the word they are functional, these forms are beautiful. 
From The Anatomy of Nature (1956) by Andreas Feininger 

 
The  vast  majority  of  land  managers  and  environmental 
philanthropists  would  agree  that  ecocentric  restoration  is  a 
mandatory  practice  with  regard  to  the  development  of  a 
sustainable future (Jordan & Lubick, 2011; Palmer et al., 2005). 
Intensified  agricultural  practices,  the  mechanization  of 
industrial  processes,  and  widespread  forest  harvesting  have 
taken their toll on our ecosystems. The loss of global riverine 
and wetland habitat, for example, has been estimated to exceed 
75% and 50%, respectively (Roni & Beechie, 2013). Over time, 
an increased recognition for stream ecological services has led to 
greater protection for unmodified rivers and their surrounding 

riparian  environments.  Moreover,  the  popularization  of 
environmental  politics  and  environmental  ethics  has  led  to 
increased  societal  and  cultural  value.  This  has  effectively 
promoted  restoration  as  a  new  field  of  natural  science  that 
focuses on approaches to rehabilitating degraded sites (Roni & 
Beechie, 2013). 

Years of unsuccessful restoration have led to the realization that 
conventional approaches are ineffective (Cramer, 2012; Polster, 
2011;  Palmer  et  al.,  2005).  Present-day  restoration  projects 
continue  to  be  undermined  by  conceptual  models  founded 
decades ago: river systems were seen as inherently homogenous, 
held  in  equilibrium  by  natural  processes,  and  that  these 
processes remained constant regardless of scale (Wiens, 1999). 
This  has  led  to  the  continued  misunderstanding  of  the 
heterogeneity  and  interconnectivity  of  streams,  a  perception 
that  is  still  represented  by  conventional  restoration  practices 
(Polster, 2009; Ward et al., 2001). 
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This paper examines the development and implementation of a 
conceptual resource, an ecosystem network, and how it might 
benefit  restorationists  throughout  project  development.  The 
Stream  Habitat  Restoration  Guidelines  (2012)  and  Stream  and 
Watershed  Restoration:  A Guide  to  Restoring  Riverine  Processes  and 
Habitats  (SWR)(2013)  will  serve  as  a  platform for  discussing 
restoration  strategy  development  and  the  re-integration  of 
riverine natural processes. Another source of particular interest 
is the Compendium of Forest Hydrology and Geomorphology in British 
Columbia  (CFHG)(2010),  which  was  used  to  define  network 
elements and assess their interactions. 

To note: the term restoration is patently misleading in that it 
implies an idealistic understanding of the environmental state 
prior  to  disturbance  (i.e.,  a  return  to  prior  conditions  is  not 
possible based on current scientific knowledge). As defined by 
Merriam-Webster  (2004),  restoration  implies  “(1a)  a  bringing 
back to a former position or condition.” Roni and Beechie (2013) 
concur,  suggesting  that  it  means  “returning  [the  site]  to  its 
original,  undisturbed  state.”  Ergo,  the  use  of  restoration  may 
undermine  stakeholder  expectations.  Rehabilitation,  “restoring 
or  improving  some  aspect  of  an  ecosystem  but  not  fully 
restoring  all  components,”  a  far  more  factual  term,  in  my 
opinion,  is  relatively  uncommon.  Restoration  will  be  used 
throughout this work as a matter of popular convention;  that 
said,  readers  are  encouraged  to  consider  these  nuances  in 
meaning (Shields et al., 2003).

One of the greatest scientific challenges that nature pose is to 

understand how the world is put together. How do billions of 

cells combine to form a living, breathing human being? How does 

a seed grow into a giant tree? Puzzles such as this have intrigued 

and frustrated scientists for hundreds of year. The central 

question is perhaps best captured in the famous saying: “the 

whole is greater than the sum of its parts.” A tree is more than 

just a heap of cells. A forest is more than just trees, and an ant 

colony is more than just thousands of individual ants. All of these 

systems are organized. The whole emerges out of interactions 

between many individual parts. But just how does that 

organization occur? This is the challenge that complexity theory 

seeks to answer. 
From Complexity in Landscape Ecology (2006) by Green et al. 
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I. Conceptualizing Stream Ecosystems

A number of  large-scale models  have sought to conceptualize 
running  water  systems:  longitudinal  perspectives,  such as  The 
River  Continuum  Concept;  to  floodplain  perspectives,  including 
Aquatic-Terrestrial  Ecotones;  and  groundwater  perspectives  (e.g., 
Telescoping  Ecosystem  Model)(Fisher  et  al.,  1998;  Naiman  & 
Decamps,  1990;  Vannote  et  al.,  1980).  This  progression 
demonstrates continued advancements in the acknowledgement 
of ecosystem connectivity; however, the fact remains that some 
of the most recognized concepts are noticeably incomplete and 
fail  to  incorporate  major  interactive  pathways  (Ward  et  al., 
2001).  The  River  Continuum  Concept  (1980),  one  of  the  most 
influential  models  concerning  river  functional  processes, 
employs a gradient of physical  structure as means of defining 
abiotic and biotic components. In doing so, the concept fails to 
consider  floodplain  interactions  and  groundwater  interactions 
(Ward et al., 2001). Conventional techniques exemplify this type 
of linear thinking and, as a result, project outcomes fall short.

Ward et al. (2001) believe that a comprehensive understanding 
of  stream  functional  processes  is  possible  based  on  current 
scientific  knowledge.  The landscape  ecology  approach considers 
the  major  aspects  of  river  systems,  including  subsurface  and 
riparian  interactions  (Walker  et  al.,  2007;  Ward  et  al.,  2001). 
These large-scale models, though good at outlining overarching 
watershed natural processes, do not provide a detailed outline of 
stream component  interactions  on  a  reach-to-reach  scale.  A 
practice known for applying the concept of landscape ecology  is 
restoration ecology, a multidisciplinary approach that incorporates 
key concepts from many fields,  such as:  conservation biology, 

eco-hydrology,  island  biogeography,  and  successional  biology. 
Moreover,  restoration  ecology  has  a  broad  thematic  focus.  It 
integrates ecosystem resilience, sustainability,  and biodiversity; 
and societal, economic, and political issues into its approach to 
restoration (Walker et al., 2007). 

Landscape ecology focuses explicitly upon spatial pattern. 
Specifically, landscape ecology considers the development and 
dynamics of spatial heterogeneity, spatial and temporal 
interactions and exchanges across heterogeneous landscapes, 
influences of spatial heterogeneity on biotic and abiotic 
processes, and management of spatial heterogeneity. [...] The 
relationship between spatial pattern and ecological processes is 

not restricted to a particular scale.  
From Key concepts and research topics in landscape ecology 
revisited: 30 years after the Allerton Park workshop (2013) by Wu

Tinkering and Restoration
 
Murcia  and  Aronson  (2014),  authors  of  Intelligent  Tinkering  in 
Ecological  Restoration,  propose  four  practical  approaches  to 
restoration:  careless  tinkering,  amateur  intelligent  tinkering, 
professional  intelligent  tinkering,  and the  scientific  approach. 
The difference between professional tinkering and a scientific 
approach  are  their  motivation  and  expected  outcome:  the 
professional  strives  to  address  a  site-specific  issue  while  the 
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scientist seeks to advance knowledge and/or test theories.  A 
Two-Decade  Watershed  Approach  to  Stream  Restoration  Log  Jam 
Design  and  Stream  Recovery  Monitoring  (2013),  for  example, 
examines  an  experiential  approach  to  reach-scale  log  jam 
installations  throughout  the  Finney  Creek  Watershed.  This 
project, though firmly based on the scientific understanding of 
stream processes, is explorative and adaptive regarding log jam 

design and implementation ―  a combination of professional 
tinkering and a scientific approach (Murcia & Aronson, 2014; 
Nichols & Ketcheson, 2013). 

According to the authors, “tinkering” involves a sort of a priori 
and intuitive perspective regarding how environmental issues 
are analyzed and how solutions are developed. This is where a 
comprehensive and scalar  ecosystem network (or mind-map) 
may assist in identifying ecosystem barriers to restoration. By 
providing  this  type  of  resource,  restorationists  may  identify 
ecosystem factors that would have otherwise been overlooked 
during site assessment and project development (Pike et  al., 
2010; and Shields et al.,  2005).  As fields of study coalesce in 
response to inherently complex problems in nature,  perhaps 
our representations of them must,  too.  The development of 
this type of network will be discussed in the following section. 

Scalar Approaches to Restoration 
 
Restoration efforts tend to be classified into two groups, reach 
and  watershed  approaches.  Watershed-scale  approaches 
typically address the source of degradation, giving ecosystem 
processes a chance to reestablish themselves.  This inevitably 
reforms the landscape in what is often considered a “natural 
manner” (Ward et al., 2001). Processes acting on a watershed 
level  are  channel  slope,  valley  confinement,  discharge,  and 
sediment  supply.  These  variables  define  stream  structural 
characteristics, such as bankfull size and ripple-pool sequences. 
And as  these  change  so  do  habitat  characteristics,  affecting 
local biota (Roni & Beechie, 2013). Booth and Fischenich (2015) 
note  that  watershed  processes  have  a  greater  influence  in 
determining stream reach structure than processes acting at a 
local  or  reach-scale.  These  observations  coincide  with  the 
findings of Lorenz and Fled (2013) regarding the comparative 

analysis of watershed-scale (upstream land-use changes, in this 
case) and reach-scale restoration techniques in that the former 
plays a more significant role in achieving project benchmarks. 
This is due to the fact that watershed processes influence local 
riparian  characteristics.  Examples  include:  water  and  air 
temperature,  turbidity,  and  soil  composition;  pH,  dissolved 
oxygen,  and  electrical  conductivity;  and  salmonids,  organic 
matter inputs, and fungal communities, respectively (Roni & 
Beechie,  2013;  Cramer,  2012;  Pike,  2010).  Consequently,  a 
watershed  approach  lends  itself  to  large-scale  restoration 
initiatives  while  also  capable  of  addressing  specific  local 
concerns (Roni & Beechie, 2013). 

A diagram  displaying  hierarchal  nesting  of  watershed  processes 
from  River  and  Watershed  Restoration:  A Guide  to  Restoring 
Riverine Processes and Habitats (2013) authored by Roni et al.

Research  has  demonstrated  that  reach  structural  variability 
supports increased spatial heterogeneity, species richness, and 
individual  size.  And  downstream  reaches  tend  to  be  less 
dynamic and biologically-diverse than upper reaches (Schlosser, 
1987). This stresses the importance of structural heterogeneity 
and headwater connectivity, topics of varying scales. Therefore, 
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many scientific authors demand the prioritization of watershed-
scale  restoration  as  crucial  management  practice  in  facing 
widespread degradation and bolstering environmental services. 
These  services  include  stream  water  quality  (i.e.,  reduced 
sediment  loading,  flood  attenuation,  and  nutrient  input 
reductions) and increased ecosystem biodiversity (Palmer, 2014; 
Peacock et al., 2007; Ward et al., 2001). Watershed-level efforts 
aim to  re-establish  landscape-level  processes,  such  as:  stream 
lateral migration, discharge patterns, sedimentation, and natural 
succession, as to ensure the sustainability and efficiency of said 
ecological  services  (Cramer,  2012;  Ward  et  al.,  2001).  This  is 
proposed  as  an  alternative  to  the  conventional  approach  of 
addressing  specific  ecological  issues,  often  directly  (e.g.,  high 
concentrations of nitrates or a lack of aquatic habitat). 

Reach-scale  approaches  to  restoration  are  associated  with 
conventional restoration projects due to the latter’s reliance on 
the principles of civic engineering and localized earth-moving 
techniques  (e.g.,  channelization,  stream bank  armoring,  weir 
construction,  etc).  They  are  a  means  of  addressing  local  and 
severe reach-scale  disturbances;  however,  they often influence 
large-scale  processes  adversely  in  doing so.  Channel  armoring 
and confinement often presents an increase in running slope, 
the  removal  of  riparian  vegetation,  and  in-stream structures. 
This  affects  local  and  downstream  flow  patterns,  structural 
diversity,  and biodiversity.  Changes in water temperature,  pH, 
stream nutrients, and other abiotic characteristics are common 
due to restricted riparian-aquatic interactions (Pike et al., 2010). 
Alternatively,  there  are  innovative  reach-scale  techniques  that 
aim to integrate into the natural landscape, such as ecological 
engineering. In doing so, they address structural concerns while 

considering valuable environmental  processes ―  these will  be 
discussed  in  Implementing  Natural  Recovery  Strategies  (Polster, 
2013a; Polster, 2011; Norris et al., 2008; Atkins, 2001). 

In conclusion, a watershed approach lends itself more precisely 
to the concept of landscape ecology given a broad consideration 
of  natural  processes  (Shields  et  al.,  2005;  Ward  et  al.,  2001; 
Schlosser, 1987). Envision a magnifying glass slowly approaching 

its subject from a distance ― how the viewer interprets what is 
seen in its viewfinder will change as it moves forward. Elements 
and their respective interactions pass from sight, focusing your 
attention elsewhere. The Tagliamento River, a vast and dynamic 
system,  serves  as  an  interesting  real-world  example.  During  a 
three year period 80% of its features “turned over” (e.i., islands 
disappeared while others were formed elsewhere). The point of 
interest is that a reach-scale observer may witness the island’s 
colonization  by  macro-invertebrate  communities  and  riparian 
vegetation  without  ever  considering  the  island’s  eventual 
destruction caused by hydrarch successional processes (Picco et 
al., 2015; Tockner et al., 2003; Ward et al., 2001). A watershed-
scale  observer,  however,  will  familiarize  themselves  with  the 
hydrological  regime,  sedimentation,  and  successional  patterns 
(MoF & MoE,  1999).  The  stream bank  invertebrates  are  an 
important ecosystem component; however, focusing in is often 
regarded as an easier shift in perspective than focusing out. 
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II. Ecosystem Network Development

The interpretation and comprehension of behaviors involved in 

systemic phenomena require learners to identify the relevant 

system components, describe the nature of overt relations 

existing among the identified components, draw conclusions 

about components’ covert relations, and even construct novel 

relations that are not evident at first glance but that may 

promote explanations of occurrences based on the information 

available. The promotion of learners’ system thinking may also 

benefit from the empirical knowledge accumulated in the 

literature concerning learning with external visual 

representations (e.g., photographs, diagrams, maps). 
From External Visual Representations in Science Learning: The case of 

relations among system components (2010) authored by Eilam & Poyas

The  majority  of  writers  discussing  restoration  opine  that 
projects  begin with watershed and reach assessments and the 
respective  analyses;  however,  one  may argue  that  the  process 
begins  much  earlier  (Cramer,  2012;  Shields  et  al.,  2003). 
Environmental  assessments  (and subsequent  work)  reflect  the 
accuracy of our conceptual understanding of natural ecosystems. 
Therefore, it is essential that we reflect nature’s complexity in 
our  foundational  representations  of  its  functioning.  In  other 
words, restoration professionals must forgo the development of 
disciplinary  flowcharts  and  focus  on  the  creation  of  more 
complex representations of ecosystems. This sort of network (or 
mind map) is a tool for practitioners, assisting them in adopting 

a  systems-thinking  perspective  while  considering  widespread 
and interdisciplinary implications of restoration techniques. Put 
simply, it helps you avoid conceptual oversight and identify what 
you are failing to consider. 

The  creation  of  a  detailed  network  relies  on  the  breadth  of 
knowledge and creativeness of its developers. This suggests that 
professionals  capable  of  identifying  and  communicating 
interactions between system components across a multitude of 
disciplines  (systems-thinkers)  are  a  valuable  asset  to  this 
project’s  development.  Of  course,  a  tremendous  amount  of 
information is available to anyone with curiosity and an internet 
connection. The Coastal Watershed Assessment Guidebook of British 
Columbia (CWAP)(1999) and the Compendium of Forest Hydrology 
and Geomorphology in British Columbia (2010), for example, have 
provided several to the ecosystem network featured herein.

An excellent paper authored by Jean Trumbo, Visual Literacy and 
Science Communication (1999), proposes that data visualization is 
an integral part of communicating complex scientific concepts 
to  researchers  and  the  public.  This  case,  endorsing  visual 
learning and communication, has received widespread support 
and  continues  to  gather  acknowledgment  (Tippett,  2016; 
Estrada  & Davis,  2015;  Iten,  2014;  Kirk,  2012;  and Northcut, 
2007). Data visualization in the field of life sciences (genomics, 
in particular)  serves as  an excellent example of  its  efficacy in 
communicating large and non-intuitive datasets (Gehlenborg et 
al., 2010).  CIRCOS and DNAPlotter are two tools commonly 
used  in  the  creation  of  the  popular  circular  genomics 
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visualizations  (Carver  et  al.,  2009;  Krzywinski  et  al.,  2009). 
Therefore,  a  visual  approach  to  network  representation  is  of 
particular interest to this project for a number of reasons: this 
method  has  proved  effective  in  communicating  complex 
relationships,  such  as  clustering  and  interconnectedness;  it 
facilitates understanding between scientific disciplines; it allows 
for  alterations in scope without sacrificing complexity;  and it 
can be easily developed into an accessible and interactive tool. 

From A Review of Stream Restoration Techniques and a Hierarchical 
Strategy for Prioritizing Restoration in Pacific Northwest Watersheds 
(2012) authored by Roni et al. 

In order to represent system connectedness without imparting 
directionality, the ecosystem network will be visualized as a web 
with simple interactions. Pike et al. (2010) outline processes of 

fluvial geomorphology using a simplified top-down flow chart ― 
independent  landscape  variables  affect  dependent  landscape 
variables, which go on to influence dependent channel variables, 
etc. Similarly, Roni et al. (2015) illustrate the hierarchy of stream 
processes and the resultant ecological response. The mind-map 
does not comment have this directionality or a rigid scope per 
se, but this type of approach may help determine the amount of 
detailed  constituted  by  network  elements  (e.g.,  aquatic  biota 
versus aquatic macro-invertebrates, fishes, algae, etc.). 

Gephi, “an open-source software for network visualization and 
analysis,” will be used to illustrate two spreadsheets (.csv). One 
defines  the  network  elements  while  another  outlines  their 
interactions (Bastian et al., 2009). Components are represented 
as nodes and interactions or connections,  as edges.  Statistical 
methods  incorporated  into  the  network  include  component 
grouping  based  on  modularity  (employs  an  algorithm  that 
detects  node communities)  and average clustering coefficients 
(quantifies  the  attractiveness  of  a  node  within  its  cluster  of 
elements)(Blondel et al., 2008). The Sigmajs Exporter javascript 
plugin was used to integrate the visualization into an online and 
interactive interface, facilitating the exploration of communities 
and their connectedness. 

The role of the network is to stimulate thought with respect to 
ecosystem connectivity, not to be an accurate representation of 
nature.  Consequently,  the  network  benefits  from  being 
unorganized,  open-ended,  and  in  some  cases,  tailored  to  its 
user(s). Fundamental elements may be controls, processes, and 
effects;  however,  they  may  also  represent  more  personal  or 
societal  perspectives.  When  I  am fly  fishing,  for  example,  I 
enter  a  very  particular  frame of  mind.  I  am captured by  my 
surroundings  and  able  to  experience  streams  in  a  way  that 
cannot be understood while at a desk. By integrating triggers to 
these  experiences  into  the  ecosystem network  I  am able  to 
access those types of thought processes. Similarly, societal values 
or activities, such as sustainability or canoeing may be added. 

The  ecosystem  network  developed  as  a  component  of  this 
project contains 98 elements (or nodes) and 3211 interactions (or 
edges).  Of  course,  crowdsourcing  elements  by  hosting  the 
ecosystem network database online and allowing for third-party 
usability  is  the  apparent  solution.  Contributors  would  be 
permitted  to  propose  component(s)  and  relevant  natural 
processes prior to outlining interactions between them and pre-
existing network elements, for instance. This work could then 
be  incorporated  into  the  network  visualization  in  real-time. 
Also, elements relevant to restoration (e.g., specific plant) may 
be  integrated  into  the  network  and  connected  to  elements 
pertaining  to  slope  instability,  for  instance.  Furthermore,  it 
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would  be  especially  fascinating  if  users  could  enter  timescale 
values into a network-based model to visualize the longevity of 
the element’s  successional  role.  A tool  with this  functionality 
would  support  the  assessment  of  complex  and  dynamic  seral 
communities, for example (Ward et al., 2001).

The  three  “communities”  represent  a  group  as  defined  by 
statistical  modularity;  the  red,  green,  and  blue  dots  indicate 
geomorphological,  biological,  and  hydrological  elements, 

respectively.  Label  and  node  size  show  how  integrated  the 
element is within the network. The stream ecosystem network 
can be accessed at www.pclangemeyer.com by selecting Stream 
Ecosystem Network in the website menu bar. Alternatively, e-mail 
pclangemeyer@gmail.com for a different source. The use of an 
updated Chrome or Firefox browser is recommended.
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III. Project Development

Restoration projects require the completion of thorough post-
event site analyses.  These outline affected ecosystem function 
(often described as constraints or filters), allowing for the design 
of  an  appropriate  response  (Cramer,  2012;  Polster,  2011). 
Integrating an ecosystem network into this process may prove 
useful by assisting industry professionals and stakeholders with 
their  analysis  of  complex  natural  systems.  Moreover,  it  can  
serve as a valuable communication tool. This section will discuss 
stages  of  project  development:  environmental  assessments, 
stakeholder and land-use implications, establishing benchmarks, 

and the use of indicators ― all while considering the benefits of 
a stream ecosystem network. 

The Role of Assessments

Conventional  watershed  assessments  fail  to  fully  consider 
interactions  between  stream  ecosystem  elements.  These 
shortcomings  go  on  to  affect  subsequent  activities,  including 
conservation and restoration efforts.  Ward et  al.  (2001)  notes 
that assessments focus primarily on eupotamal waters and easily 
accessible  riparian  areas,  foregoing  landscape  features  of 
significance. And when these areas (e.g., wetlands, estuaries) are 
assessed, it is as if they are contained systems; spatio-temporal 
interactions with major landscape elements are overlooked. This 
is  exemplified  in  the  Coastal  &  Interior  Watershed  Assessment 
Procedure Guidebook (CWAP and IWAP, respectively), in which 
the  onus  is  on  the  hydrologist  (or  assessor)  to  produce  a 
comprehensive watershed report, expected to include: channel 
and  riparian  assessments,  sediment  source  surveys,  and  an 

examination  of  peak  flow.  Given  the  limited  amount  of  field 
work and monitoring possible, these analyses typically rely on 
historical aerial photographs (often at scales greater than 1:5000)
(MoF & MoE, 1999). Understandably, this is an efficient manner 
of  viewing  enormous  swaths  of  land,  but  the  information  it 
provides is limited. A Watershed Scale Assessment of Riparian Forests 
(2004)  by Hyatt et al.  is  an excellent paper in which riparian 
assessment using aerial imagery, GIS, and field data is examined.

Assessors are required to consider the role of highly influential 
and unobservable processes without empirical data. That being 
the  case,  report  accuracy  relies  heavily  on  the  conceptual 
understanding of the assessor. Irrespective of the development 
of  improved  monitoring  and  modeling  systems,  the  human 

factor ― how we interpret our observations ― will consistently 
be a weakness in our exploration of the natural sciences. As a 
result,  environmental  assessments  are  an  opportunity  for 
oversight  and  the  development  of  an  environmental  report 
lacking in ecological complexity (MoF & MoE, 1999). As such, 
thinking  tools  designed  to  compliment  existing  procedures 
(such as assessments)  may be of great value to future projects 
requiring ingenuity and systems thinking skills.

Cramer  (2012)  notes  a  number  of  barriers  to  developing  an 
accurate assessment, many of which highlight the importance of 
systems  thinking.  Case  studies,  for  instance,  are  a  valuable 
source  of  information.  How  might  the  treatments  applied 
therein affect the degraded site of interest? Would this approach 
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to restoration work on this site? Perhaps certain elements of this 
restoration plan may be applicable to work elsewhere? These are 
questions that not only benefit from effective systems thinking, 
but require it.  Visualizations have been shown to significantly 
facilitate  this  task,  assisting  in  the  analysis  and discussion of 
otherwise overwhelming and complex systems.

The hydrologist’s assessment must also consider the cumulative 

effects of sediment sources, riparian conditions and peak flow 

increases—as well as the effects of discrete events at specific sites

—on stream channel stability and on the sensitivity of the 

watershed to further forest development. Because these factors 

vary with location in the watershed, their relative significance 

should be discussed, particularly at the point of interest. 
From Watershed Assessment Procedure Guidebook (WAP) authored by 

the Ministry of Forests & Ministry of Environment (1999)

 
This  suggests  that  the  design  and  practice  of  environmental 
assessments would benefit from the creation of tools focused on 
this  aspect  of  human  involvement.  Dutt  (2015),  for  instance, 
describes mind maps as “a thinking tool which helps improve 
our engagement in the present moment, thus propelling us into 
a zone of enhanced creativity.” Applied to a restoration project 
the benefits of using a type of ecosystem network are two-fold: 
they educate and they communicate (Dutt, 2015; Flanagan et al., 
2013).  In  addition  to  aforementioned  benefits,  this  type  of 
approach  to  systems  thinking  and  network  analysis  has  been 
shown  to  assist  user  recall  and  memory,  interpersonal 
communication,  group  collaboration,  and  problem-solving 
(Dutt, 2015). 

An article by Eilam and Poyas, External Visual Representations in 
Science  Learning:  The  case  of  relations  among  system  components 
(2010),  examines the use of  visual  representation (e.g.,  graphs 
and diagrams) as a means of improving an observer’s ability to 
systems think. Their findings are similar to Dutt’s (2015). Visuals 
are very effective ―  far  more-so than text  (Iten,  2014).  Why 
then aren’t restorationists learning and communicating with this 

type  of  scientific  representation?  Furthermore,  Tippet  (2016) 
highlights the difference between learning from and with in her 
work:  learning  with  visuals  (creating  and  modifying  them)  is 
significantly more effective than simply looking them over. This 
indicates that the use of a interactive ecosystem network would 
likely  lend  itself  to  a  more  inclusive  and  efficient  process  of 
project development.

The Involvement of Stakeholders

As a defining element of our culture, technology, for example, 
influences our perception of what nature is and ought to be (e.g., 
a  carefully  contoured  slope  planted  with  agronomic  grasses). 
This condition has been described as “false perceptions of the 
natural condition” and defines perception of nature (Ward et al., 
2001).  Consequently,  working  with  multiple  stakeholders 
requires careful interpretation of (1) cultural and societal values 
and priorities, and (2) how they view nature. According to Dutt 
(2015), incorporating a visualization would assist in this regard as 
it  “levels  the playing field,”  one could say.  What’s  more,  with 
added functionality  it  could allow stakeholders  to discuss  the 

perspectives of others ― think community round-table. 

This  type  of  approach  would  promote  stakeholder  systems 
understanding with respect to how their priorities (i.e., network 
elements relevant to their cultural and societal values) fit into a 
restoration project and how this might affect other components 
of  the  system.  Furthermore,  and  as  noted,  the  use  of  a 
comprehensive  visual  could  facilitate  the  involvement  of 
multiple stakeholders. And this is of great importance given the 
knowledge and diversity of opinion held by locals (Tippet, 2016; 
Couix  &  Gonzalo-Turpin,  2015;  Iten,  2014;  Eilam  &  Poyas, 
2010).  Couix  and  Gonzalo-Turpin  (2015)  conducted  research 
concerning  stakeholder  perceptions  of  restoration  initiatives 
and found that “a comprehensive land management approach to 
ecological  restoration [is  favorable],  as  this  approach is  more 
likely to arouse the interest of the stakeholders.” This suggests 
that (1) an interactive and (2) easily-accessible visual representing 
(3) a watershed-scale approach to restoration would increase the 
effectiveness of restoration initiatives. 
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To note: mapping an ecosystem network visual as a geographical 
imaging systems (GIS) component may further benefit discourse 
with  and  between  stakeholders.  This  would  encourage  user 
speculation  as  to  how  certain  regions  may  be  affected  by 
proposed land-uses, for example.

Restoration Objectives

Walker  et  al.  (2007)  highlights  the  importance  of  ecological 
succession in restoration and mentions it as a key component of 
restoration ecology (Polster, 2009; Pike et al, 2010; Ward et al., 
2001). Restoration is a means of altering the state of a site so 
that it is reintegrated into the successional pattern (Walker et 
al.,  2007).  Stream meandering  (i.e.,  lateral  stream movement 
caused  by  hydrarch  and  riparian  successional  processes),  for 
example,  is  a  major ecological  process  of  riverine ecosystems. 
This dynamic cycle of terrestrialization and flooding generates 
the heterogeneous and highly dynamic seral communities of a 
productive riverine ecosystem (Walker et al., 2007; Ward et al., 
2001). As it were, the reintegration of major processes involves 
increased environmental dynamism and space. Unsurprisingly to 
most,  this  often conflicts  with anthropogenic land uses.  That 
said, however, there is usually potential for the reintegration of 
ecological processes (Shields et al., 2003). These will be discusses 
in Implementing Natural Recovery Strategies.

Should we rehabilitate to how it  was?  There are two here:  it 
refers to a past state and relies on our understanding of how the 
ecosystem  functioned.  As  noted  by  Higgs  (2003),  ecological 
restoration  must  be  discussed  within  the  context  of  an  ever-
changing environment, extending beyond successional patterns. 
Climate change, for instance, is significantly altering ecosystems. 
This  indicates  that  defining  project  objectives  based  on  past 
benchmarks  may  not  be  sustainable  or  possible.  Of  course, 
future conditions may not support the ecosystem in question 
whatsoever. In this case, is it restoration at all? There has been a 
recent  shift  in  objectives  favoring  the  reestablishment  of 
ecological services. In effect, these types of projects build upon 
the foundation of restoration as means of creating something 
new, a novel ecosystem (Palmer, 2013).

From  Biotechnical  engineering  as  an  alternative  to  traditional 
engineering methods: A biotechnical streambank stabilization design 
approach (2002) authored by Li and Eddleman.

Cultural, aesthetic, recreational, economic, and political values 
define the extent to which key natural processes are reintegrated 
into  the  landscape  (Cramer,  2012;  Parkyn et  al.,  2010;  Higgs, 
2003).  In Nature by Design:  People,  Natural Process,  and Ecological 
Restoration  (2003)  Higgs  describes  conventional  restoration  as 
“nature mediated by technology.” As per conventional thinking, 
restoration  objectives  are  often  anthropocentric  in  nature, 
reinforcing  the  divide  between  human  civilization  and  our 
natural environment. In contrast, ecotechnology and landscape 
ecology  focus  on  working  with  processes  rather  than  against 
them (land-use willing), and in as natural a manner as possible. 

Project objectives may be short- or long-term. Stabilizing banks 
that are susceptible to erosion is an example of the former, while 
vegetating a talus slope, the latter. Log jams may be a short term 
objective, to be followed by the growth and natural input of LW 
from the riparian zone (goals coinciding temporally). Examples 
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of project objectives include: limiting erosion, stabilizing banks, 
creating  habitat,  increasing  structural  complexity,  altering  the 
sediment regime, changing flow paths, addressing soil chemistry 
concerns, (re-)introducing species, etc. 

Identifying constraints (or filters)  assists in determining which 
processes must be targeted as to achieve project objectives. This 
aids  in  the  prioritization  of  restoration  efforts  and  provides 
insight as to how technique implementation might affect other 
ecosystem processes (Cramer, 2012; Polster, 2011; Palmer et al., 
2005).  Polster’s  (2011)  Effective  Reclamation:  Understanding  the 
Ecology  of  Recovery  describes  common  abiotic  constraints  to 
project  success  that  should  be  considered  by  practitioners. 
Filters include: adverse soil texture, soil available nutrients, soil 
temperature, microclimate, and chemical properties, in addition 
to excessive erosion and substrate compaction (Polster, 20011). 

An ecosystem network could assist practitioners in developing a 
comprehensive perspective specific to the identified constraints. 
Moreover,  it  facilitates  the evaluation of  potential  restoration 
techniques as interacting elements are listed for consideration 
and discussion. There will be more on this in Example of Use: The 
Mount Polley Restoration Strategy.

Benchmarks, Reference Sites, & Indicators

Researchers are beginning to do without historical benchmarks; 
they recognize the inherent dynamism of ecosystems. That they 
are continually progressing and that efforts must cater to the 
site’s  future  integration  (Palmer  et  al.,  2005;  Higgs,  2003). 
Palmer et al. (2005) proposed five criteria to evaluate success: “a 
dynamic  ecological  endpoint”  is  defined  prior  to  restoration, 
ecological  improvements  are  measurable,  the  site  is  self-
sustaining  and  free  of  long-term  impairment,  and  necessary 
ecological  assessments  have  been  performed.  This  type  of 
approach, one that evaluates site reintegration within a web of 
interaction, continues to gain popularity amongst practitioners 
(Pander  & Geist,  2013;  Jordan & Lubick,  2011;  Palmer  et  al., 
2005).  Nonetheless,  this  approach  complicates  restoration 
procedures.  It  entails  comprehensive  monitoring  programmes 

and often intensifies the role and the number of stakeholders, 
for example.  Consequently,  these changes (often)  increase the 
cost of restoration, limiting their feasibility. In turn, this results 
in limited political and public awareness (Pander & Geist, 2013). 
That  said,  however,  it  often  depends  on  the  scale  and 
complexity of the project. Polster (2016) has outlined a number 
of very cost-effective, bioengineering techniques.

One  of  the  more  ambiguous  stages  of  developing  plan  is 
defining an appropriate and measurable end goal.  The lack of 
empirical  knowledge  makes  defining  benchmarks  particularly 
difficult  (Cramer,  2012;  Parkyn  et  al.,  2010).  Consequently, 
benchmarks  are  often  established  using  unaffected  reference 
site(s)(Collier  et  al.,  2007).  These  sites  are  generally  selected 
based on a  number  of  criteria  outlining  their  likeness  to  the 
site(s)  undergoing  restoration,  namely:  site  orientation/aspect, 
catchment characteristics  (size,  topography,  geology,  etc.),  and 
contained habitats. In addition, reference sites should be subject 
to  the  least  amount  of  disturbance.  These  sites  are  often 
identified by way of surveying, but the use of Global Imaging 
Systems  (GIS)  for  the  establishment  of  spatial  and  temporal 
benchmarks is gaining popularity (Parkyn et al., 2010; Yates & 
Bailey, 2010; Collier, 2007; Host et al., 2005). Collier et al. (2007) 
highlight  the  practicality  and  efficiency  of  using  of  GIS as  a 
means of identifying reference sites while noting the lack of a 
pre-established  methodology,  citing  the  industry-wide  use  of 
“best professional judgement.” 

The GIS approach is efficient and inexpensive in comparison to 
conventional  surveying  methods,  potentially  offsetting  the 
supposed  increase  in  cost  of  more  ecological  approaches  to 
restoration (Yates & Bailey, 2010). With increases in its use, the 
integration of an ecosystem network into a GIS component is 
likely the most beneficial approach. The Pacific Salmon Explorer 
(http://salmonexplorer.ca/), a GIS data visualization tool created 
by the Skeena Salmon Program, is an excellent example of this 
type of work, only quantitative.
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For regional monitoring programmes, establishing reference site 

condition entails the establishment of an ecologically-relevant 

network of sites that encompasses the range of natural variation 

dominating regional ecosystems. Defining geographical spread of 

sites when setting up monitoring networks has typically revolved 

around the use of spatially-discrete ecoregions or bioregions, but 

a finer ecological grain is necessary to discriminate sites that 

differ by features other than landscape characteristics, and 

stream or river basin size. 
From Coupling GIS and multivariate approaches to reference site 

selection for stream monitoring (2007) authored by Collier et al. 

Evaluating the progress of restoration towards a benchmark-like 
state has historically relied on the presence or absence of key 
organisms  (target  species  bioindication).  Conventional 
restoration  projects  typically  rely  on  single  species-based 
bioindication to quantify project success (Pander & Geist, 2013; 
Palmer et al., 2005). This is problematic in that their presence 
represents is interpreted as the widespread reestablishment of 
lost  functionality.  Therefore,  there  is  growing  demand  for 
multifaceted  approaches  to  ecosystem  monitoring  (Cramer, 
2012; Ward et al., 2001). 

In reality, major ecosystem functions are largely unobservable, 
requiring a more comprehensive means of assessment (Pander & 
Geist, 2013; Parkyn et al., 2010; Palmer et al., 2005). In response, 
Pander  and  Geist  (2013)  developed  the  Proceeding  Chain  of 
Restoration  (PCoR),  an  approach  that  integrates  passive 
community-based  indicators  with  multivariate  statistics  into 
conventional  target  species-based  methods.  As  such,  the 
benefits of a complex monitoring programme extends beyond 
assessing  project  success;  monitoring  enriches  our  collective 
understanding  of  ecosystem  processes  and  their  role  in 
restoration  projects  (Pander  & Geist,  2013).  Additionally,  The 
Restoration  Indicator  Toolkit  (Parkyn  et  al.,  2010),  a  document 
expanding  on  the  five  criteria  of  Palmer  et  al.  (2005),  lists 
indicators for use in elaborate monitoring programmes. Similar 

to  the  PCoR,  the  idea  is  that  a  representational  network  of 
indicators  may  be  developed  as  means  of  evaluating  and 
visualizing  ecosystem  components  and  dynamism  (Pander  & 
Geist, 2013). 

Monitoring  data  could  be  integrated  into  Gephi  systems  as 
means  of  weighting  element  interactions,  allowing  for  visual 
quantification and speculation of how techniques are impacting 
unobservable or immeasurable groups of elements.  The graph 
shown below is an example of how to visualize monitoring data 
(Parkyn et al., 2010). In the likeness of the ecosystem network, 
each temporal  stage (pre-  or post-restoration)  is  a cluster and 
each point is a node. Given the insurmountable complexity of 
these  natural  systems,  merging  the  conceptual  and  empirical 
may  provide  a  creative  and  informative  tool,  representing 
complex  conceptual  relationships  while  also  considering  what 
we observe. 

A graph  demonstrating  the  relationship  between  a  network  of 
indicators from The Restoration Indicator Toolkit (2010) authored by 
Parkyn et al. 
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IV. Implementing Natural Recovery Strategies

Our reliance on the services offered by freshwater ecosystems 
makes  them especially  vulnerable  to  anthropogenic  activities. 
Over  time,  we have come to realize  the importance of  these 
habitats,  acknowledging  that  they  must  be  maintained  and 
rehabilitated  (Pander  &  Geist,  2013;  Jordan  & Lubick,  2011; 
Palmer  et  al,  2005).  In  response,  ecological  restoration  has 
established  itself  as  a  major  practical  science  with  increased 
public  awareness  of  environmental  concerns.  Past  restoration 
efforts relied predominantly on principles of civil engineering, 
leading  to  the  implementation of  highly  static  and structural 
solutions (Jordan & Lubick, 2011). Unfortunately, this approach 
tends to disregard the underlying causes of degradation; in fact, 
conventional  approaches to restoration often result  in further 
degradation  (Polster,  2011).  Appropriately,  Roni  and  Beechie 
(2013) note three common reasons for a project’s lack of success: 
failing to address the root cause of degradation, neglecting to 
address  barriers  to  connectivity  and  upstream processes  (i.e., 
watershed-level  perspective),  and  implementing  inappropriate 
techniques given the circumstances. 

A review of  stream restoration  techniques  and  a  hierarchical 
strategy  for  prioritizing  restoration  in  Pacific  Northwest 
watersheds by Roni et al. (2002) outlines a number of habitats 

adversely affected by conventional approaches and techniques. 
Attention to estuarine and off-channel  habitats  in the Pacific 
Northwest,  for  instance,  has  been  limited  in  the  past  and 
reclamation  activities  (e.g.,  dike-breaching  and  excavation  for 
new habitat) has shown varied success. It is suspected that this 
is due to the absence of essential, overarching processes. That 
said, techniques intended to improve watershed conditions (e.g., 
road deactivation and improving habitat connectivity) proved to 
be very effective.  This suggests that restoring stream element 
interactions  and not  stream elements  themselves  may  be  the 
most beneficial, further supporting watershed-scale approaches 
to  restoration.  What’s  more,  it  suggests  that  an  assessment 
lacking  in  comprehensiveness  may  ultimately  undermine  an 
entire project (Roni et al., 2002). 

Ecotechnology  and  ecological  engineering  (i.e.,  the  creation, 
restoration,  and  management  of  ecosystems)  are  gaining 
recognition from industry professionals (Jordan & Lubick, 2011; 
Polster, 2013b, 2011, 2009; Norris et al., 2008; Ward et al., 2001). 
The  ecotechnological  approach  encompasses  eco-engineering 
and ground-based bio-engineering methods, which represent the 
practical  application of  the landscape and restoration ecology 
concepts  discussed  prior.  In  this  way,  practitioners  address 
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ecosystem constraints  by  reinforcing  or  reintegrating  natural 
processes rather than replacing them. For instance, alterations 
to the physical landscape employ natural materials rather than 
conventional and often permanent alternatives.  This approach 
re-connects ecosystem interactions while addressing immediate 
structural concerns, minimizing the risk of further disturbance. 
Based on the work of Roni et al.  (2002),  this reconnection is 
crucial to successful long-term restoration (Polster, 2016; Norris 
et al., 2008; Ward et al., 2001). Therefore, techniques must be 
designed to address successional  limitations within a dynamic 
network of natural processes, and identified concern(s) must be 
restored  sufficiently  as  to  maintain  ecological  variability 
(Cramer, 2012; Polster, 2011). 

Conventional  stream channelization  and  stabilization  efforts 
have been shown to be insufficient in this regard, often resulting 
in stream incision,  bank failure,  aggradation of materials,  and 
subsequent channel widening. The is due to the local effects of 
flow confinement, including: increased discharge, incision, and 
coarsening  of  bed  material.  Downstream  ramifications  to 
channelization include the potential coarsening of bed material 
and  incision,  a  result  of  reduced  sediment  deposition  and 
increased  scour  (side-effects  of  increased  discharge).  The 
removal of riparian vegetation and elevated riparian disturbance, 
practices associated with highly mechanized operations, further 
reduce bank stability. As a result, increased rates of erosion and 
stream bank failure are  observed (Booth & Fischenich,  2015). 
This  often  results  in  increased  downstream  sediment  load, 
causing stream aggradation, which can lead to braiding and/or or 
stream bed siltation (Booth & Fischenich, 2015). 

In terms of intensive land (re-)grading, Schor and Grey, authors 
of Landforming: An environmental approach to hillside development, 
mine  reclamation  and  watershed  restoration  (2007),  discuss  the 
implications  of  topography  in  restoration.  Landforming 
attempts to reinstate a natural form and function to immensely 
disturbed landscapes. This is at odds with conventional practice 

―  envision  rectilinear  slopes,  grasses,  and  vertical  drainage 
devices (e.g., typical of mine reclamation projects and highway 
cut-slopes).  Conventional  landscaping  and  vegetation  planting 
generally subscribes to the concept of “uniform coverage” (i.e., 

landscape elements are placed as if restricted to a grid), which is 
commonly applied to plateaus and planar slopes. This approach 
carries  hydrological  and  geographical  consequences,  such  as 
increased rates  of  wind and water  erosion (e.g.,  between tree 
rows) and potential for mass wasting (Norris et al., 2008; Schor 
& Grey, 2007). Moreover, these landscapes are non-conducive to 
the colonization and establishment of vegetation (Polster, 2011, 
2009; Schor & Grey, 2007). 

The more naturalistic approach, landforming, promotes the use 
of  landscape  elements  as  a  means  of  addressing  adverse 
processes. Erosion caused by overland flow, for instance, may be 
redirected in a more predictable manner, even facilitating plant 
growth  in  arid  environments  by  concentrating  flows.  Slope 
orientation  may  be  used  to  reduce  wind  exposure  (creating 
“wind  shadows”),  minimizing  erosion  and  providing  cover  to 
sensitive  plant  species  during  establishment  (Schor  &  Grey, 
2007). In short, “mature” landforms are introduced as means of 
creating variation in terrain, minimizing erosion and promoting 
biodiversity and a more natural aesthetic (Schor & Grey, 2007). 

The book goes on to discuss the use of terminology, “[...] a 100-
foot high, 3-mile long, and 1-mile wide spoil pile of ‘dirt’ or mine 
tailings,  with  a  planar  face  and  unvarying  slope  gradients,  is 
more  than  a  dump,”  Schor  and  Grey  (2007)  insist.  “If  a 
topographic feature is termed a dump, it is designed as a dump, 
it  is  surveyed  as  a  dump,  and  finally  it  is  built  as  a  dump.” 
Society’s view affects how we approach sites as elements of the 
landscape.  Communicating  with  stakeholders  and  utilizing 
visualization  tools  helps  rediscover  their  potential.  That  they 
will  be  transformed  by  ecological  processes  and  reintegrated 
into the landscape. There are a number of challenges limiting 
the  adoption  of  landforming  and  ecological  restoration. 
“Overcoming the inertia of the civil engineering profession both 
in  the  office  design  and  field  surveying  departments,”  for 
instance;  addressing  the  industry's  reluctance  to  consider 
complex  and  innovative  approaches;  and  establishing  the 
landscape  ecologist  as  an  essential  part  of  the  planning  and 
development processes (Schor & Grey, 2007). 
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Ecological Engineering Techniques

Bioengineering  techniques  employ  living  plant  materials  as 
structural  components,  allowing  for  engineering  tasks  to  be 
performed without hindering successional processes (Booth & 
Fischenich, 2015; Polster, 2011; Norris et al., 2008). Interestingly, 
this approach dates back hundreds, if not thousands, of years. 
The Greeks employed a form of ecoengineering to prevent soil 
erosion in olive tree orchards, the Romans utilized fascines as 
components  of  hydrological  engineering  projects,  and  the 
Chinese  made  use  of  rock-filled  willow  baskets  to  repair 
damaged dykes (Bischetti et al., 2014; Norris et al., 2008; Atkins, 
2001). Ecotechnological solutions are effective because they rely 
on existing ecosystem network elements whose interactions are 
readily observed in nature.

Projects begin with a thorough site assessment concerning slope 
stability,  erosion,  and  vegetation.  These  generally  consist  of 
remote  mapping  (e.g.,  GIS)  and  numerical  modeling, 
complemented by field analyses. The latter focus on identifying 
signs  of  adverse  topographical  and  hydrological  activity  (e.g., 
mass wasting, slope breakage, unfavorable soil composition and 
structure,  and  pooling)(Norris  et  al.,  2004).  Given  the 
importance of the fieldwork component an ecosystem network 
may  significantly  benefit  this  type  of  assessment,  aiding  the 
practitioners  to  interpret  and  visualize  natural  processes  and 
their effects while in the field. To note: the book Bioengineering 

Case Studies: Sustainable Stream Bank and Slope Stabilization (2014) 
by Goldsmith et al. outlines a variety of projects while detailing 
the application of bioengineering techniques.

Prior to the implementation of a long term erosion management 
plan  erosion  control  measures  are  implemented  immediately. 
Runoff velocities, for instance, must be kept to a minimum and 
diverted from highly erodible areas (e.g., steep embankments); 
sediment settling basins are to be used if required; native soil 
and vegetation should not be cleared unless saved for re-use; and 
cover (e.g., mulches, straw, etc.) should be applied to bare soils 
immediately (Schor & Grey, 2007). Once preventative measures 
have  been  established  practitioners  completing  large-scale 
projects may want to consider increasing landform complexity 
by evaluating the surrounding macrotopography. Ridges, swales, 
and elbow-  and cone-shaped slope elements may facilitate the 
integration of processes beneficial  to the project outcome. In 
this  case,  element  height,  width,  and  proportion  must  be 
considered (Polster, 2009; Schor & Grey, 2007). 

A heterogenous micro-topography is of great importance to the 
re-establishment of pioneering species. Polster (2011)  discusses 
slope  characteristics  in  Effective  Reclamation:  Understanding  the 
Ecology  of  Recovery,  suggesting  a  “rough  and  loose”  treatment 
(i.e., an excavator with a toothed bucket digs a checkerboard of 
holes, depositing soil between them). This addresses a number 
of abiotic constraints, such as: runoff velocity, overland flow, soil 
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compaction, and aeration (Polster, 2009). The holes act as small 
settling  pools  and  are  thus  relatively  high  in  water  content, 
whilst mound soils remain comparatively dry. Additionally, their 
structural  diversity  introduces  a  range  of  exposure  to  wind, 
precipitation, and solar radiation (Polster, 2013a, 2011, 2009). As 
a result, a large variety of micro-sites are produced, accelerating 
the  re-establishment  of  pioneering  plant  species  requiring 
specific conditions (Polster, 2013a, 2011, 2009). 

Additional  and  more  involved  bioengineering  techniques 
relevant  to  slope  stability  and  revegetation  include:  branch 
layering; branch packing, live staking, wattle fencing, and hedge 
brush  construction;  and  live  branch  mattresses  and  gratings 
(Polster, 2013b; Norris et al., 2008; Eubanks, 2002; Atkins, 2001). 
These are  used to address  gully  erosion,  bank instability,  and 
water and wind erosion, respectively. Moreover, live crib walls or 
palisades, fascine drains, and pole drains decelerate and redirect 
overland  flows,  minimizing  hill-slope  erosion.  Also,  mulches 
benefit  hill-slope  processes,  by  providing  additional  surface 
cover,  and  promoting  soil  moisture  and  nutrient  retention 
(Polster, 2013b; Norris et al., 2008). 

When  addressing  slippage  involving  very  coarse  and  rocky 
material some practitioners suggest its excavation, while others 
recommend an amendment (Polster, 2013a; Norris et al., 2008). 
The former may support enhanced plant growth; however, long-
term stability and large-scale ecosystem effects are often more 
unpredictable. Alternatively, amendment takes advantage of the 
structural stability of lower slope interlocking blocks (assuming 
they are of proper size) while minimizing ecosystem disturbance 
and project costs. This allows pocket planting of native species, 
addressing stability and revegetation in a successional manner 
(Polster,  2013a,  2009).  One  or  more  of  the  aforementioned 
bioengineering techniques, such as wattle fencing or live slope 
grating, may be applied to upper portions of loose slopes where 
materials are more fine-textured. In regard to species selection 
and planting, roots crossing the slip surface (if one is present) 
indicates ideal cutting length and staking depth (~0.5-2 meters); 
augmenting  the  number  of  taproots  and  thin  woody  roots 
increases a profile’s resistance to shearing (Norris et al., 2008).

Stream Restoration Techniques

Once  bank  stability  issues  have  been  addressed  practitioners 
may  focus  on  local  techniques  responsible  for  shaping  the 
aquatic environment. Given that the riparian condition goes on 
to  affect  stream processes  and structure  it  is  imperative  that 
restoration initiatives prioritize these areas. Riparian zones are 
responsible  for  large  wood  (LW)  recruitment  (i.e.,  log  jams), 
forming large forms capable of trapping sediment, altering flow 
paths, and significantly affecting stream structure (especially in 
headwaters)(Cramer, 2012; Pike et al.,  2010; Roni et al.,  2008; 
MWLAP, 2004; Koning & WRP, 1999).  These LW complexes 
are crucial for the development of fish habitat, such as pools and 
gravel  spawning  beds.  In  endorsing  a  landscape  ecology  and 
watershed-level approach, one must consider that LW may be 
added;  however,  the  processes  responsible  for  long-term and 
sustainable  additions  of  LW rely  on  the  redevelopment  of 
riparian zone and its processes (Eiseltová, 2010).  Project goals 
relative  to  in-stream restoration  include:  prevent  or  remove 
barriers to connectivity, reinforce bank cover and stability, and 
increase  channel  structural  complexity  (i.e.,  diversify  aquatic 
habitat and stream flow patterns). 

Intense  restoration  objectives,  such  as  the  re-introduction  of 
stream  lateral  movement,  requires  the  removal  of  artificial 
structures.  These  include  dikes,  floodplain  filling,  and  non-
erodible armoring (e.g., riprap or concrete retaining walls). This 
allows  for  the  redevelopment  of  a  channel  migration  zone 
(CMZ)(Cramer,  2012).  Benefits  of  a  CMZ  include  reduced 
erosion, flood attenuation, riparian connectivity, and increased 
stream structural heterogeneity. This allows for the development 
of complex aquatic and terrestrial  habitat features, promoting 
greater  faunal  and  floral  biodiversity.  Off-channel  habitat  and 
flood-flow  patterns,  for  instance,  cater  to  the  well-being  of 
fishes and other aquatic species seeking refuge. A dynamic flood 
regime supports the development of adequate gravel  beds for 
spawning  salmonids,  preventing  siltation  and  promoting 
appropriate levels of dissolved oxygen (Cramer, 2012; Pike et al., 
2010).  A wider riparian corridor increases stream shading (i.e., 
regulating water  and air  temperatures),  vegetal  seed dispersal, 
LW recruitment,  organic  matter  inputs,  and stream nutrients 
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(Cramer, 2012).  To note: CMZ reestablishment may reconnect 
the stream to past tributaries, creating side- and/or off-channels. 
This  promotes connectivity for terrestrial  and aquatic species 
(e.g.,  amphibians,  reptiles,  and fishes);  however,  they must  be 
sustained by natural processes (Cramer, 2012; Pike et al., 2010). 

Stream structural  stability  and heterogeneity  is  crucial  to  the 
development of aquatic habitat. In addition to LW recruitment, 
boulder  clusters  and  pool-riffle  sequences  may  be  installed 
(Slaney et al., 1997; Roni et al., 2008). These alter flow patterns, 
catering to fish holding patterns and promote bedding material 
diversity.  Moreover,  a  variety  of  microhabitats  are  created, 
supporting invertebrate biodiversity (Cramer, 2012; Pike et al., 
2010; Slaney et al., 1997). Other techniques include log and hay 
breaks,  and  rock  vanes  (often  called  deflectors).  These  are 
intended to minimize the exposure of sensitive bank areas to 
high energy, erosive flows; however, they go on to alter bank and 
bed structure. The former are strung along outer banks using 
aircraft-grade cabling, whereas the latter extend from the bank 
(usually  outer)  partway  into  the  channel.  (Hyatt  et  al.,  2014; 
Roni  et  al.,  2011).  Prior  to  the  installation  of  deflectors,  the 
application of  tree  revetments  or  large  root  wads may act  as 
stream bank toe protection (Eubanks, 2002).

Salmon carcass placement has been noted as an effective means 
of  enhancing  nutrient  availability  to  the  riparian  zone, 
increasing  stream  organic  matter  inputs  (Roni  et  al.,  2002; 
Slaney  et  al.,  1997).  Citing  the  significant  decline  of  salmon 
populations  across  the  Pacific  Northwest,  Roni  et  al.  (2002) 

note  increased  primary  production  from the  distribution  of 
hatchery salmon biomass and inorganic nutrients. “The addition 
of  coho  salmon  carcasses  to  a  small  stream in  southwestern 
Washington doubled the growth rate of juvenile coho salmon at 
this  site  compared  with  a  nearby  stream  reach  with  a  low 
density  of  carcasses,”  note  Roni  et  al.  (2002).  Of  course,  the 
distribution of carcasses does not make up for other fish-related 

processes,  such as the redistribution of sediment ―  an effect 
salmonid redd excavation (Pike et al.,  2010; Roni et al.,  2002; 
Slaney et al., 1997). Assuming the absence of other constraints, 
this  practice  may  well  bolster  the  salmon-riparian  nutrient 
exchange in the long-term, eventually re-establishing itself.
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Concluding Remarks

The discussion of how these approaches and techniques might 
affect their surrounding landscape has required a continued shift 
in perspective: from watersheds and reaches, to landforms and 
micro-sites, and from terrestrial to aquatic environments. The 
observer  is  continually  required  to  reform  their  conceptual 
image of the natural environment. Research has shown that the 
visualization of inherently complex networks benefits the user 
in  many  ways.  Visuals  impart  viewers  with  the  ability  to 
identify key relationships by promoting system thinking; they 
facilitate communication, the inclusion of multiple stakeholders, 
and creative thinking. This benefits adaptive management and 
tinkering approaches. 

An  open-ended  thinking  and  exploration  tool  achieves  this  by 
conveying interconnectedness without confining the viewer to a 
directional, scalar, or overly-simplified representation of stream 
ecosystems.  What’s  more,  the  use  of  visuals  promotes  the 
application of  watershed-level  approaches  by  benefiting  every 
stage  of  project  development:  from assessments,  stakeholder 
involvement,  project  development  and  technique  selection, 
implementation, and monitoring.
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Example of Use: The Mount Polley Rehabilitation Strategy

This chapter will focus on applying what has been discussed to 
the  Mount  Polley  Restoration  Strategy;  specifically,  Lower 
Hazeltine Creek. Restoration techniques applied and alternative 
approaches will be examined while considering the reintegration 
of natural ecosystem processes and future land-use implications. 
This will be accomplished with the use of the interactive stream 
ecosystem network. 

Summary of Event Impacts

As described in  the  Post-Event  Environmental  Impact  Assessment  
(PEEIAR),  the  tailings  storage  facility  (TSF)  at  the  Mount 
Polley Mine was breached on August 4th 2014, resulting in the 
displacement of approximately 25 Mm^3 of material. The debris 
flow traveled  a  distance  of  9.4  km,  scouring  an  area  of  136 
hectares and approximately 1.2 Mm^3 of topsoil  the length of 
Hazeltine Creek. Subsequent tailings deposition was measured 
to exceed depths of 3.5 m in areas near where the tailings dam 
had failed,  and varied between 0.15  m and 1.5  m downstream 
(MPMC, 2016). Consequently, the topsoil of an additional 100 

hectares  adjacent  to  the  creek  was  buried  in  sediment.  The 
tailings are low in nutrients (C, N, and P) compared to native 
soils and settled in two very distinct sand and silt layers. Copper 
levels were measured to have increased considerably, exceeding 
the  BC Standard  for  Soil  Invertebrates  and  Plants.  Selenium 
rose in concentration relative to background levels,  though it 
remained beneath the provincial standard. Acid rock drainage is 
not expected to occur. 

In  regards  to  biological  concerns,  organisms  associated  with 
Hazeltine Creek are not expected to have survived given the 
extent of the damage. Bathymetry and volume analyses as well 
as  lake  turbidity  modeling  has  shown  that  lake  sediment-
dwelling  invertebrate  populations  may  have  been  adversely 
affected  by  the  deposition  of  fine  particulate;  however,  these 
groups appear to be making a recovery. As noted in the PEEIA 
Update Report (2016), lake invertebrates Hyallela and Chironomus 
do not appear to be significantly  affected.  Lake water  testing 
suggests  that  mercury  concentrations  in  fish  are  lower  than 
background levels and do not affect survival (MPMC, 2015).
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The  Restoration  Strategy  consists  of  four  phases:  an  initial 
response, short and long term impact assessments (including an 
options  analysis),  and  the  implementation  and  monitoring  of 
restoration  initiatives  (MPMC,  2016).  The  initial  response 
(Phase I) consisted of berm construction, diversion of site water, 
the installation of a “TSF plug,” and erosion control measures. 
Reducing impacts to Quesnel Lake was prioritized. As defined 
in  the  Restoration  Plan  Summary  Table  (RPST)(2015),  project 
objectives for Lower Hazeltine Creek include: reduce turbidity 
prior  to  input  into  Quesnel  Lake,  prevent  soil  erosion,  re-
establish riparian vegetation, and rehabilitate functional habitat. 
Objectives  concerning  the  mouth  of  Edney  Creek  include 
improving fish passage and connectivity to Quesnel Lake, and 
remediating the remaining tailings (MPMC, 2015).

Overview of Restoration Initiatives

Lower Hazeltine Creek (LHC) has to be entirely reconstructed. 
As such, the process includes a thorough landscape assessment, 
followed by landforming and re-sloping,  CMZ redevelopment 
(upper and lower floodplains)(see below), and the installation of 
stream structural components (Cramer, 2012; Pike et al., 2010; 
Norris et al., 2008; Schor & Grey, 2007). Short and long term 
methods  were  outlined  in  the  RPST.  Short  term  strategies 
include:  the  removal  of  tailings;  the  use  of  settling  ponds 
throughout  the  duration of  LHC reconstruction to  minimize 
turbidity;  channel  armoring,  mulch cover,  and revegetation to 
reduce  erosion;  and the  use  of  stockpiled  materials  to  create 

habitat  features  (MPMC, 2015).  Long term objectives  include 
the decommissioning of  settling pools  as  wildlife  habitat,  the 
reintegration of riparian successional processes, the additon of 
structural stream components (e.g., rock weirs, large wood, and 
boulders), and the development of a fertile soil profile.

The restoration of Lower Hazeltine Creek has applied much of 
what has been discussed in this work. The project began with 
extensive excavation and landforming in order to reintegrate the 
site into its surrounding environment. Channel design and CMZ 
development followed. At this point, the channel has been built 
according  to  mean  annual  discharge,  but  does  not  feature 
structural components. Tailings were removed from the riparian 
zone,  mulch  was  applied,  micro-sites  were  created  using  a 
“rough and loose” treatment with stockpiled woody debris, and 
the site was planted with native species (MPMC, 2015). [Images 
of the LHC are viewable at www.pclangemeyer.com.] The fact 
that the restoration program has not been fully  implemented 
makes evaluation very difficult.

Concerns  include  the  unforeseen  erosion  of  CMZ or  stream 
banks following freshet, resulting in undesirable turbidity levels 
and  sediment  input  into  Quesnel  Lake.  Soil  impermeability 
(pooling) and the development of anoxic conditions within the 
profile may threaten vegetation growth. Similarly, the creation 
of healthy soil  biota communities relies on the production of 
ideal  conditions.  Without  these,  the development of  a  fertile 
organic layer will be slow. 
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Using the Stream Ecosystem Network

By  using  the  interactive  stream  ecosystem  network  we  can 
explore  potential  effects  of  the  installed  stream  structural 
components or the conceptual site exposure model. It can be 
accessed at www.pclangemeyer.com by selecting Stream Ecosystem 
Network  in  the  menu  bar  (an  updated  Chrome  browser  is 
recommended).  Alternatively,  e-mail  pclangemeyer@gmail.com 
for  an  alternate  source.  Once  loaded  the  user  will  noticed  a 
matrix of colored dots. The three colors represent a group as 
defined  by  statistical  modularity;  red,  green,  and  blue  nodes 
approximate  geomorphological,  biological,  and  hydrological 
elements,  respectively.  That said,  the cluster of  each dot may 
contain  a  mix.  The  riparian  succession  cluster,  for  instance, 
contains every element in the network. Prior to tinkering with 
the network enter “FLO” in the search field. Notice that a list of 
elements  appears.  The  user  can  click  them  as  means  of 
comparing their clusters.

In regard to Lower Hazeltine Creek, begin by typing “LARGE 
WOOD” in the search field. As expected, a cluster of elements 
relevant to LW interactions will appear. From here, the user may 
either use the information panel on the right to view a list or 

hover over elements (or nodes)  in the visual.  As noted in the 
RPST, these are intended to spur the creation of aquatic habitat. 
Given the fact that this is an in-stream component we should 
start  by  hovering  over  red  network  elements  within  the  LW 
cluster. To list a few: sediment deposition, flow patterns, stream 
widening, dissolved oxygen, organic matter inputs, periphyton, 
microclimate,  and  pool  depth  are  highlighted.  Large  wood 
complexes  alter  the  local  flow  pattern.  And,  depending  on 
orientation, LW may promote reduced sediment load as a result 
of upstream deposition and/or the displacement of bed material 
due to increased scour potential. These processes may fill in or 
deepen  pools  and  increase  stream  width  (depending  on  the 
extent of armoring and discharge). Moreover, variations in flow 
ensure  the  maintenance  of  adequately  sized  gravel  bed  for 
salmonid redd excavation. LW creates microclimate varying in 
flow, temperature, dissolved oxygen, and light essential for the 
establishment  of  benthic  invertebrates  and  periphyton. 
Additionally,  LW traps leaf litter (organic matter),  retaining it 
locally for consumption or decomposition and nutrient input. 
Given that salmonids require pools for protection, temperature 
and reduced velocities;  sufficient dissolved oxygen and gravels 
for spawning; and prey on invertebrates and smaller fish, it is 
likely that LW installations will serve as aquatic habitat.
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Examine  implications  of  the  Lower  Hazeltine  Creek  mulch 
application by searching “MULCH.” The cluster that appears is 
composed primarily of green and blue nodes, including: raindrop 
splash,  overland flow, forest  floor and density,  solar  radiation, 
infiltration, organic matter inputs, sediment source, steepness of 
slope, soil structure, and turbidity. Mulch protects soil from the 
direct impact of precipitation, minimizing overland flow, flow 
velocities, and surface erosion. Due to wood chip OM content 
soil  aggregates  are  formed,  altering  soil  structure,  promoting 
infiltration, and soil water and nutrient retention. Reductions in 
overland flow reduce sediment transport, runoff, and subsequent 
increases in stream turbidity. Forest floor vegetation and density 
reduce  mulch  exposure  and  sliding  potential  by  way  of 
intercepting precipitation and rooting through slip surfaces on 
steep  slopes.  If  the  angle  of  the  bank  being  mulched  is 
considerably  high  live  staking  with  brush  wattles  or  a  brush 
mattress may be ideal. In this way, the ecosystem network serves 
as a foundation for developing ideas and analyzing scenarios.

Recommendations

In regard to the ecosystem network, labels should be displayed 
atop all nodes being displayed to prevent the user from having 
to hover.  What’s more, perhaps a more obvious clustering (as 
opposed to being ball-shaped) would make it more interesting or 
easier  to  navigate  as  a  non-professional.  Increased  stringency 
with regard to interaction weight may solve this as modularity 
would  be  impacted,  affecting  node  placement.  Similarly,  the 
option to determine how elements are listed in the information 
panel would be beneficial; as a user, I would like it to display in 
order of interaction weight. And, of course, further addition of 
elements will  make this interactive visual far more interesting 
and  useful.  The  limiting  factor  is  time  and  getting  the  right 
groups  of  professionals  involved.  For  example,  one  thousand 
elements  implies  verifying  and  weighting  nearly  one  million 
interactions,  hence  the  proposal  to  crowdsource.  With  more 
elements  come more options in terms of  how things  may be 
visualized.  Simplified  grouping  of  elements  would  definitely 
facilitate the use of the network by stakeholders, but weightings 
specific to topics (e.g., fisheries) might increase practicality.
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Readings of Interest
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Stream and watershed restoration: A guide to restoring riverine processes and habitats ,, Roni et al. (2015)

Bioengineering case studies: sustainable stream bank and slope stabilization   Goldsmith et al. (2014)

Landscape ecology for sustainable environment and culture , , , , , , Fu & Jones (2013)

Making Sites Rough and Loose: A Soil Adjustment Technique      Polster (2013a)

Stream habitat restoration guidelines , , , , , , , , , Cramer (2012)

Making nature whole: a history of ecological restoration , , , , , , Jordan &. Lubick (2011)

Compendium of forest hydrology and geomorphology in British Columbia ,, , , Pike et al. (2010)

Slope stability and erosion control: ecotechnological solutions , , , , , Norris et al. (2008)

Standards and best practices for in-stream works  , , , , , , MWLAP (2004)

Nature by design: people, natural process, and ecological restoration , , , , Higgs (2003)

A soil bioengineering guide for stream bank and lakeshore stabilization , , , , Eubanks & Meadows (2002)

Biotechnical engineering as an alternative to traditional engineering methods , , , Li & Eddleman (2002)

Visual literacy and science communication         Trumbo (1999)

Fish habitat restoration procedures          Slaney et al. (1997)

Snow Mountain Peak Reflection by James Wheeler, , , License: https://creativecommons.org/licenses/by-nc-sa/2.0/

Squamish River in Fall by Tim Gage, , , , , License: https://creativecommons.org/licenses/by-sa/2.0/

Jimmy Jimmy by Dru!, , , , , , , License: https://creativecommons.org/licenses/by-nc/2.0/

Spawning Salmon by Ed, , , , , , , License: https://creativecommons.org/licenses/by-nc-sa/2.0/
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