
 

Mat­Su Salmon Passage 
Improvement Plan 

 

 

 

 

 

 

 

 

 

 

 

 

Mat-Su Basin Salmon Habitat Partnership 

2011 
 



Improving Salmon Passage in the Mat-Su Basin 

Mat-Su Basin Salmon Habitat Partnership ▪ page 1 

 

This Fish Passage Improvement Plan was developed by The Nature Conservancy with assistance 
from the Fish Passage Working Group of the Mat-Su Basin Salmon Habitat Partnership.  Partner 
agencies and organizations provided in-kind support.  Financial support was provided by the 
U.S. Fish and Wildlife Service, Alaska Sustainable Salmon Fund, National Oceanic and 
Atmospheric Administration, The Nature Conservancy, Lovelace Charitable Trust, Wallace 
Research Foundation, and ConocoPhillips Alaska.  Special thanks to the Alaska Department of 
Fish and Game for providing their culvert survey data as it was available. 

 

Editor  Corinne Smith, The Nature Conservancy  

GIS Analysis Marcus Geist, The Nature Conservancy 

 

 
Mat­Su Basin Salmon Habitat Partnership 

Fish Passage Working Group 

Erika Amman 
NOAA’s National Marine Fisheries Service 
 

Allen Kemplen 
Alaska Department of Transportation 

Mike Bethe 
Alaska Department of Fish and Game  
 

Doug McBride 
U.S. Fish and Wildlife Service 
 

 Kenneth Bouwens 
Alaska Department of Fish and Game  
 

Marty Metiva 
Mat-Su Resource Conservation & Development 
Council 

Jeff Davis 
Aquatic Restoration and Research Institute 
 

Karen Nelson 
US Army Corps of Engineers 

James Hazlett 
Natural Resource Conservation Service 

Gillian O’Doherty 
Alaska Department of Fish and Game  
 

Neal Henslee 
Alaska Department of Transportation 

Bill Rice 
U.S. Fish and Wildlife Service 
 

Catherine Inman 
Wasilla Soil & Water Conservation District 

Corinne Smith 
The Nature Conservancy 
 

Sam Ivey 
Alaska Department of Fish and Game  

Brad Sworts 
Matanuska-Susitna Borough 
 

Paul Janke 
Alaska Department of Transportation 
 

Brian Winnestaffer 
Chickaloon Village Traditional Council 

Chuck Kaucic 
Matanuska-Susitna Borough 
 

Bill Wood 
Natural Resource Conservation Service 

 

Photos on cover: Sunrise Road crossing Poddle Creek; before restoration (left) and immediately after (right) 



Improving Salmon Passage in the Mat-Su Basin 

Mat-Su Basin Salmon Habitat Partnership ▪ page 2 

 

Table of Contents 
 

Table of Contents ............................................................................................................................ 2 

Introduction ..................................................................................................................................... 3 

Culverts in the Mat-Su .................................................................................................................... 5 

Additional Criteria for Further Prioritization ................................................................................ 13 

Collaborative Approaches to Improving Fish Passage ................................................................. 16 

Recommendations ......................................................................................................................... 20 

Cited and Reference Literature ..................................................................................................... 22 

Appendices .................................................................................................................................... 23 



Improving Salmon Passage in the Mat-Su Basin 

Mat-Su Basin Salmon Habitat Partnership ▪ page 3 

 

Introduction 
The Matanuska-Susitna (Mat-Su) Borough in south-central Alaska is the fastest growing region 
of Alaska.  Located just north of Alaska’s largest city, Anchorage, the Mat-Su Borough provides 
not only affordable housing options, but also a rural setting and diverse areas to recreate.  One 
unfortunate consequence of those factors plus the young age of the state and the borough is that 
many road crossings of streams were not adequately designed or constructed prior to statehood.  
Rapid growth has also brought with it rapid development and some problem culverts have been 
installed on private property.  Inadequate culverts can block salmon migration for both adults 
and rearing juveniles and alter spawning, rearing, and over-wintering habitat for salmon. 

 

How Culverts Impact Salmon 

The rivers and lakes of south-central Alaska support some of North America’s most viable and 
productive salmon fisheries. Salmon migration, spawning, rearing and ultimately production in 
these waterbodies are dependent on connectivity of habitat. Stream crossing structures affect the 
movement of fish and other aquatic organisms by altering the stream physical characteristics. 
Migration barriers can have significant effects to fish production as access to large areas of 
spawning or rearing habitat can be eliminated or reduced (Gibson et al 2005; Sheer and Steel 
2006).   Anadromous juvenile and adult fish are highly mobile, and it’s common for these fish to 
use different parts of a stream or watershed at different times of the year (Kahler & Quinn 1998).  
Adult salmon may have reduced access to spawning habitat, while young salmon have reduced 
access to rearing and over-wintering.  Juvenile salmon can be affected in their need to move 
upstream and downstream to reach habitat (Davis & Davis 2012) or lower velocity flows 
(Cedarholm & Scarlett 82).  Impeded movement of fish between habitats essential for rearing 
and spawning can negatively impact population status. 

Stream crossing structures can impede fish migration in various ways.  Undersized culverts 
increase stream velocity, which can be a total or partial barrier to weaker or smaller fish.  
Velocity can also be increased by culverts that are steeper than the natural gradient of the stream.   
Culverts installed improperly may have a perch at their outlet which fish cannot jump or these 
culverts may have too little water for fish to swim through.    

Not only can inadequate culverts impede fish movement, they can potentially alter stream 
channel characteristics and modify habitat if they change stream flow.   These changes may 
occur upstream or downstream of the crossing and may lead to loss of habitat or other barriers to 
reaching habitat.   

Removing fish migration barriers and restoring connectivity has been ranked as the most 
important restoration activity in some prioritizations due to high cost-effectiveness and short 
time frame for improvement in fish populations (Roni et al 2002).  Evaluation of habitat 
restoration techniques show that the removal or mitigation of barriers to fish movement can lead 
to some of the largest increases in fish production (Roni et al 2002; Scully et al 1990). 

With salmon and resident fish providing the basis for a vibrant sportfishing economy in the Mat-
Su Basin (Colt and Schwoerer 2009) and providing an important food source for Alaskans, the 
replacement of inadequate culverts can provide tangible benefits to fish and people. 
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The Goal of this Plan 

The Matanuska-Susitna Basin Salmon Habitat Partnership formed in 2005 to address increasing 
impacts on salmon habitat from human use and development in the Mat-Su Basin with a 
collaborative, cooperative, and non-regulatory approach that would bring together diverse 
stakeholders.  In 2008 the Mat-Su Salmon Partnership completed a Strategic Action Plan that 
identified road crossings, in particular culverts, as a potential threat to salmon habitat.  That plan 
identified two main goals: preventing new barriers to migration and restoring migration at 
existing barriers at priority sites. This Mat-Su Salmon Passage Improvement Plan addresses the 
second goal by identifying priorities for restoration.  This plan is intended to guide partners to 
areas where fish passage restoration should be focused and to provide information to help them 
to select projects. 

The Partnership’s Fish Passage Working Group (FPWG) developed the prioritization framework 
to identify priority culverts through a series of workshops.  After draft prioritization criteria were 
agreed upon, The Nature Conservancy used Alaska Department of Fish and Game (ADF&G) 
culvert survey data to prioritize the crossings.  After the FPWG agreed upon the criteria to be 
used, TNC completed the prioritization.  The prioritization was augmented in January 2011 after 
ADF&G completed their database with 2010 field surveys. 

This Salmon Passage Improvement Plan only includes culverts.  Other structures that might 
impair salmon migration or habitat, like bridges and dams, have not been assessed for several 
reasons.  First, culverts are by far the greatest impediments to fish passage in the Mat-Su.  
Second, no inventory exists for these other blockages with the consistency and thoroughness of 
the culvert inventory maintained by ADF&G.  Third, natural blockages such as beaver dams can 
be temporary and may be providing habitat for some aquatic species while impeding movement 
of others. 

This plan prioritizes culverts for replacement by building on the Level 1 Assessment that 
ADF&G uses.  The prioritization framework allows additional culverts to be included as they are 
surveyed and is flexible so that individual partners can include additional factors to prioritize 
their organization’s restoration work.   

The plan also looks at ways for the partnership to work collaboratively to address the highest 
priority fish passage needs.    As has been proven already, much more can be accomplished when 
partners combine their strengths to tackle fish passage. 
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Culverts in the Mat­Su 

There are hundreds of stream crossings in the Mat-Su Basin.  Some convey streams under roads 
and railroads, while others were installed for intermittent water in roadside ditches.   As of Fall 
2010, the Alaska Department of Fish and Game (ADF&G) had surveyed over 660 culverts in the 
Mat-Su Basin that they thought might convey waters where anadromous or resident fish reside or 
migrate.  These culverts were under private driveways, borough roads, state highways, the 
Alaska Railroad, and trails, at a total of 518 
stream crossing sites (Table 1).  After the 
summer of 2011, ADF&G estimated that they 
had surveyed all borough and state roads and 
most of the railroad.  Progress on private roads, 
driveways, and trails is much harder to estimate. 

ADF&G assesses culverts for fish passage based 
on the swimming ability of juvenile Coho salmon 
(55mm).  In the field, ADF&G measures the 
culvert length, width, perch, and slope and notes 
culvert shape, type, and condition and presence of 
bed material within the culvert.  These criteria are then compared to a matrix to determine the 
likelihood that the culvert passes juvenile fish (Appendix 1). The matrix categorizes the culvert 
based on pipe type, gradient, constriction, perch, and backwatering.  In this Level 1 assessment, 
the culverts are categorized as follows: 

 Green – conditions may be adequate to pass juvenile fish 

 Gray – conditions unlikely to pass juvenile fish, additional analysis required 

 Red – conditions assumed inadequate to pass juvenile fish, additional analysis required 

In the Mat-Su Basin, more than half the culverts were assumed to be inadequate to pass fish, and 
almost another quarter were unlikely to pass juvenile fish (Table 2).  As many as 500 culverts 
could be impeding juvenile fish passage, thus affecting salmon populations and altering habitat.  
Ownership of these crossings occurs across the agencies (Table 3). 

The Level 1 assessment tells us the scope of the fish 
passage problem but not where to focus or which culverts 

are likely having the greatest impact on salmon.  The Mat-
Su Salmon Partnership wanted to determine which 
inadequate culverts are priorities for replacement, so the 
information from the ADF&G surveys was used to 
examine the crossings more closely and to prioritize 
crossings for replacement. 

 

Owner  Count  Percent 

Mat‐Su Borough   339  65% 

State of Alaska  94  18% 

Private  45  9% 

Alaska Railroad  33  6% 

Trail (owner unclear)  7  2% 

Total 518  100% 

Category  Count  Percent 

Green  107  21% 

Gray  125  24% 

Red  286  55% 

Total 518  100% 

Table 1. Ownership of crossing sites 

Table 2. Level 1 Assessment of 
crossing sites  
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Table 3. Level 1 Assessment and ownership of crossing sites  

Owner  Green  Gray  Red  Count  Percent 

Mat‐Su Borough   94  59  186  339  65% 

State of Alaska  9  23  62  94  18% 

Private  12  12  21  45  9% 

Alaska Railroad  7  10  16  33  6% 

Trail (owner unclear)  3  2  2  7  2% 

Total  104  127  287  518  100% 

 

 

Culvert Prioritization  
Other prioritizations of culverts for replacement have included scoring and ranking schemes that 
assign scores to each barrier for a set of physical, ecological, and economic attributes.  Factors 
typically include habitat quantity and quality, degree of barrierity, condition, and cost.  Some 
include a benefit-cost ratio of habitat quantity or quality gained.  Often these prioritizations are 
independent of spatial arrangement, which is a disadvantage along with their static nature (O’ 
Hanley & Tomberlin 2005).  The actual order of replacement is often influenced by social and 
economic factors.  Culverts are also prioritized with optimization models that look for maximum 
possible benefit (or minimum cost) given one or more operational and resource constraints (O’ 
Hanley & Tomberlin).  Their disadvantage is technical complexity and need for mathematical 
and computer power. 

For the Mat-Su Basin, we opted for a scoring and ranking scheme that utilizes the data already 
gathered by ADF&G.  The goal of this prioritization is to identify the “worst of the worst” 
impediments to fish passage in the Mat-Su Basin.  Using measurements from the ADF&G 
surveys, relative degree of impediment of red and gray culverts was assessed.  Many of the other 
typical factors, such as habitat quantity and quality, do not exist for a basin-wide analysis. 

 

 

Prioritization Criteria  

The Mat-Su prioritization puts an emphasis on biological value at the crossing.  Other factors, 
like cost, opportunity, and risk, were determined to be best used as secondary information after 
the initial prioritization.  Four criteria were used to prioritize fish passage restoration.  Culverts 
on non-anadromous streams and culverts assessed by ADF&G as adequate (i.e. Green) would 
receive low scores and not be included in the final list of culverts for replacement.  Because the 
ADF&G Level 1 assessment is designed to identify impediments to passage of juvenile fish, 
extreme scores for the constriction and gradient criteria were added to highlight those culverts 
which may be adult impediments, too.   
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1. Anadromy  

The prioritization was only applied to culverts on documented anadromous streams and those 
that are potentially anadromous.  For undocumented streams, any stream segment below 
1000’ was assumed to be potentially anadromous. The 1000 foot contour was used in 
developing the Strategic Action Plan because this elevation generally corresponds with a 
rough geomorphic break along the Talkeetna Mountains where stream gradient increases 
from less than 2% in the lowland areas to greater than 4% in the Upland Complex.  This 
break in geomorphology also affects fish distributions.  Less salmon spawning and rearing 
occurs above this elevation with only 15% of total documented anadromous waters in the 
Mat-Su Basin occurring above 1000 feet. Stream segments were based on the National 
Hydrography Dataset and streams digitized by USFWS and TNC. Culverts on resident fish 
streams, as documented in the Anadromous Waters Catalog (AWC), were not prioritized.   

 

 

Anadromy  Score 

Not anadromous: stream segment > 1000’ & not in AWC  0 

Potentially anadromous: stream segment below 1000’, not in 
AWC or within 50 m of AWC, on or near (33 m) of an NHD 
stream segment 

8 

Documented Anadromous: AWC # in culvert data, or on or 
near (50 m) an AWC stream segment as anadromous 

10 

 

2. Level of blockage  

ADF&G’s Level 1 assessment is based on the swimming ability of a juvenile Coho (55 mm).  
Red culverts block juvenile fish, and gray culverts are likely to be partial or complete 
barriers, but more information is required to determine the level of blockage.  Blockages to 
adult fish are not flagged in the culvert inventory though some data, like perch and pool 
depth, might indicate a total blockage to adults.  Perch alone would not indicate if adults 
would travel further upstream if they could (i.e. lack of spawning habitat) or if water levels 
affect access, too.   

 

Level 1 assessment category  Score 

Assumed not a barrier: Green   0 

Assumed partial barrier: Gray  5 

Assumed barrier: Red  7 
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3. Constriction  
Constriction ratio is based on the width of the culvert compared to the width of the stream as 
measured at ordinary high water (OHW)1.  The break points for the score were derived from 
stream simulation guidelines (USFS 2008) and the Level 1 assessment matrix.  Culverts 
connected to wetland systems or lakes may have minimal or no flow and are continually 
backwatered.  In these cases, the constriction of the culvert does not affect fish passage.  

 
Ratio of Culvert span to OHW  Score 

> 1.0 or continually backwatered  0 

0.9 – 1.0  1 

0.75 – 0.9  2 

0.5 ‐ 0.75  5 

0.5 – 0.4  7 

< 0.4  10 

 

4. Gradient 
Gradient was measured in the culvert.  Culverts that are embedded in the creek substrate and 
are retaining substrate within the pipe are likely providing resting places for juvenile salmon, 
so higher gradients are not necessarily an impediment to fish passage.  Culverts that are not 
embedded retain no substrate and thus no variable flows with resting places.  The break 
points for the score were based on the Level 1 assessment matrix.   

 
Gradient within culvert  Score 

If culvert embedded < 1.0%  0 

>1.0%  2 

If culvert not embedded < 0.5%  0 

0.5 – 1.0%  1 

1.0 – 2.0%  2 

2.0 – 3.5%  3 

3.5 – 5%  7 

>5%  10 

 

Tiers for Restoration Priority 
We grouped crossings into priority tiers based on scores (criteria and total scores in Appendix 2).  
Using tiers instead of a prioritized list based on scores has several advantages.  First, this 
approach also allows us to more easily add additional culverts to the prioritization as they are 
surveyed by ADF&G. Second, within the high priority tiers we can look at the geographic 
distribution of inadequate culverts to consider how best to address impacts on entire systems.   
Third, partners and organizations with different missions can select crossings within a tier that 
                                                 
1 Ordinary high water is defined by Alaska law as “in the non-tidal portion of a river lake, or stream: the portion of 
the bed(s) and banks up to which the presence and action of the non-tidal water is so common as to leave a natural 
line or “mark” impressed on the bank.”  The full definition and a graphic are available on the state website: 
www.adfg.alaska.gov/index.cfm?adfg=uselicense.faqs. 



Improving Salmon Passage in the Mat-Su Basin 

Mat-Su Basin Salmon Habitat Partnership ▪ page 9 

 

meet their requirements for restoration.  Break points between tiers were calculated with a 
Natural Breaks analysis2.  Tier 4 includes all green culverts or those on assumed non-
anadromous streams.  The four tiers are as follows: 

Tier  Score Range  Count  Percent 

Tier 1 – Highest Priority for Restoration  23 ‐ 37  144  28% 

Tier 2 – High Priority for Restoration  15 ‐ 22  165  32% 

Tier 3 – Medium Priority for Restoration  5 ‐ 14  84  16% 

Tier 4 – Assumed Adequate for Fish Passage   Not scored  125  24% 

This approach illustrates that some culverts categorized as Gray with the Level 1 assessment may 
be a high priority for restoration compared to some Red culverts (Figure 1).  For some Gray 
culverts, the combination of factors that impede fish passage indicate a greater likelihood that 
juvenile fish are not able to pass.  For some Red culverts, this prioritization indicates that one 
factor may have automatically categorized them as Red, yet other culverts may pose much 
greater problems.  Whereas the Level 1 assessment indicated that 76% of culverts were 
inadequate or assumed inadequate, the Tiered Prioritization narrows the scope to just over half 
the culverts (60%) as high priorities (Tiers 1 and 2) for restoration and illustrates that some 
inadequate culverts may be lower priority when their characteristics are compared to other 
inadequate culverts (Tier 3). 

Figure 1. Comparison of Level 1 Assessment and Tiered Prioritization 

 
                                                 
2 Natural breaks is a data classification method that partitions data into classes based on natural groups in the data 
distribution.  This classification assigns data to classes so that the variances within classes are minimized, while the 
variances among classes are maximized.  For more, see http://www.cdc.gov/BRfss/maps/faqs.htm#13. 
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Ownership of Inadequate Culverts 

The majority of crossings in Tiers 1 to 3 are on 
roads owned or maintained by the Mat-Su 
Borough (Table 4).  The state has the more than a 
fifth, private owners own 8%, and 7% are under 
the Alaska Railroad.  A visual representation of 
the distribution of ownership shows that publicly-
owned culverts are distributed fairly evenly across 
the Tiers 1 – 3 (Figure 2).  Private culverts, 
however, fall into Tiers 1 and 2. 

 

 

 

Figure 2. Ownership of Tiered Prioritization 

 

 

Owner  Count  Percent 

Mat‐Su Borough   245  62% 

State of Alaska  85  22% 

Private  33  8% 

Alaska Railroad  26  7% 

Trail (owner unclear)  4  1% 

Total 393  100% 

Table 4. Ownership of Tiers 1 ‐ 3 
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Location of Inadequate Culverts 

As expected, the majority of Tier 1 – 3 crossings occur in the core area of Palmer and Wasilla 
(Figure 3a, b, c).   Tier 1 – 3 crossings are also concentrated in four other areas -- the 
subwatersheds in the upper Susitna Valley from Willow to the north of Trapper Creek and 
Talkeetna; subwatersheds along the Parks Highway corridor along the upper Chuiltna River; at 
tributaries to the Susitna River on the Denali Highway, and the upper part of the Matanuska 
River watershed.    There are also Tier 3 crossings in the Lake Louise area. 

 
Figure 3a. Watersheds with Tier 1 (red) culverts 
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Figure 3b. Watersheds with Tier 2 (orange) culverts 

 
 
 
Figure 3c. Watersheds with Tier 3 (yellow) culverts 
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Additional Criteria for Further Prioritization 
There were several criteria that we wanted to include and could not due to lack of data or 
inconsistency in the data.  Other information could be useful to the transportation agencies and 
for project selection at a finer scale than this prioritization will achieve.  As this prioritization 
developed, we noted what else we’d like to know about the stream or culvert to help inform 
information and science needs and for possible inclusion in a more comprehensive prioritization 
methodology.   

 

Habitat Quantity and Quality 
Habitat quantity and quality are included in other prioritizations and indicate the relative amount 
of habitat that fish cannot reach.  

Habitat quantity is a typical criterion in culvert prioritizations, but its use varies.  Some 
prioritizations look at upstream habitat, others at downstream, and others add the lengths or take 
the greater (Taylor and Love) or lesser of the two.  Looking at habitat upstream is most important 
when adult salmon migration to spawning areas maybe blocked.  For juvenile salmon, access to 
habitat upstream or downstream may be an issue at some culverts.  Juvenile salmon may be 
absent from rearing habitat if there’s a lack of adult spawning. 

In addition to deciding how to include habitat quantity, we also faced a challenge with applying 
the criteria across the basin with the data available.  In Alaska, the Anadromous Waters Catalog 
(AWC) delineates waters with anadromous fish, and the National Hydrographic Dataset (NHD) 
maps freshwater streams.  In some places in the Mat-Su, the AWC and NHD are not coincident 
or existent, or we know from on-the-ground observation that the available dataset is incorrect.  In 
addition, culvert point locations seldom occur on a stream segment, which makes it difficult to 
automate the calculation of habitat on either side of the culvert.  These discrepancies made it 
difficult to automate a mapping calculation.   Manual calculation is possible for smaller areas of 
interest, where there is other information to clarify stream location, but was not feasible for the 
entire basin.  On individual streams, qualitative habitat surveys would provide the best measure. 

To investigate how habitat quantity might impact the prioritization scores, we did manually 
calculate habitat quantity upstream in the Little Susitna River and Wasilla Creek watersheds. 
Little Su tributaries are not very long, so calculating habitat quantity did not change relative 
scores.  On Wasilla Creek, we scored the culverts both as distance to the next blockage and as 
total distance upstream.  The former calculation did not change relative scores for most culverts, 
as was seen with the Little Su tributary culverts, because there are several culverts along the 
creek that impede fish passage.  When the total distance was used, then culverts lower in the 
creek were favored.  Because so many of the culverts in the Mat-Su are barriers to juvenile 
salmon, not adults, total habitat may not best indicate how an inadequate culvert affects a 
juvenile fish’s access to the habitat they need. 

As with habitat quantity, data for habitat quality is not available for the entire basin.  AWC does 
document some stream segments with lifestage information, but that type of information is not 
available for all streams in the catalog and the quality of that habitat is not noted.  We decided 
that at this time, habitat quality is best collected in the field and used to prioritize a subset of 
crossing replacements within or between smaller watersheds. 
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Culvert Perch  

Due to a change in how ADF&G collected perch height in 2005, we could not include perch in 
the prioritization for the entire basin.  Perch height could help highlight Red culverts that might 
be adult barriers and would provide more detail to compare blockages.  For all culverts surveyed 
from 2005 and after, perch could be included as an additional criterion for prioritizing, if it were 
available for culverts of interest.  Of the 518 crossings, 336 were surveyed after 2005.   

To see how perch might affect the prioritized scores and the overlap of gray and red culverts, we 
applied perch to those 336 crossings (Table 4).  The break points for the score were based on the 
Level 1 assessment matrix with an extra point for perches (recorded as outfall height by 
ADF&G) that might impede adult salmon (>12”).   The Fish Passage Working Group selected 
12” as a minimum threshold for adult salmon barriers; additional research is required to 
determine what perch will block adult salmon. 

Including perch increased the score of 107 (32%) of those 336 crossings (Table 4).  Forty-three 
crossings may be impediments to adult salmon migration, and 29 others were also categorized 
Red by ADF&G for outfall heights greater than 4”.   

Not all of the perched crossings are on documented anadromous streams.  Twenty-nine perched 
culverts are on anadromous streams (Table 5; Appendix 3) and all fall into Tier 1 or Tier 2 as 
priorities for restoration. 

 

 

Outfall height  Score  Count 

= 0  0  229 

0.1 – 4”  1  35 

4.1” – 12”  2  29 

> 12”  3  43 

Outfall height  Tier 1  Tier 2 

0.1 – 4”  7  2 

4.1” – 12”  8  3 

> 12”  7  2 

Table 4. Perch at all crossings   Table 5. Perch at anadromous crossings 
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Additional Biological and Opportunity Factors  

A complete fish passage database should have three kinds of information: ranking criteria and 
scores (see above); secondary biological factors that partners may use to prioritize further; and 
opportunity factors that partners may use to prioritize further or to plan projects. Secondary 
Biological and Opportunity factors are listed below; those in italics are in the current 
prioritization database.  Other factors may be gathered on a smaller scale to prioritize crossings 
within a watershed or to design the restoration project. 

 

Secondary Biological factors: 

 Barriers upstream and downstream 
 Presence of adults and/or juveniles upstream 
 Species diversity or richness; may include trout 
 Fish Abundance and/or status of population 
 Proximity to spawning areas 
 Proximity to rearing areas 
 Upstream and/or downstream habitat quality or type (e.g. wetland, lake) 
 Upstream and/or downstream habitat quantity 
 Priority watersheds based on Salmon Watersheds Atlas (Mat-Su Salmon Partnership 2009) 
 Invasive species (i.e. pike) in the watershed 

 

Opportunity Factors: 

 Owner of road/culvert 
 Additional culvert survey information  

 Perch  
 culvert type 
 culvert condition 
 inlet width and height 
 culvert length 

 Road scheduled for work in future 
 Potential design and construction costs 
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Collaborative Approaches to Improving Fish Passage  
Organizations in the Mat-Su Salmon Partnership have been working together for over 15 years to 
improve fish passage in the basin.  One goal of this plan is to find additional ways that these 
existing collaborations can be enhanced to effect greater overall improvement in fish passage in 
the Mat-Su.  The prioritization suggests partners might be effective working together in 
watersheds or concentrating their efforts to assist transportation agencies with repairing their 
culverts.   

  

Ecosystem Approach 

An ecosystem approach attempts to remove all barriers to fish passage within a watershed or 
adjacent watersheds and to restore more normal functioning to the streams.  This opens up an 
entire ecosystem, ensuring that returning salmon have access to spawning areas and that juvenile 
fish can move throughout the ecosystem to reach unfrozen overwintering areas and productive 
rearing.  Studies elsewhere have indicated that reducing the environmental impacts of river 
infrastructure networks at a watershed level provide the most effective and cost-efficient means 
by which to enhance fish populations and overall ecological status of river systems (Kemp & O’ 
Hanley 2010). Partners including the Mat-Su Borough, US Fish and Wildlife Service, and The 
Nature Conservancy have used a watershed approach in the last four years to open up fish 
passage on tributaries to the Little Susitna River.  

The summary of Tier 1 - 3 crossings by watershed indicates several areas where a watershed 
approach to improving fish passage might provide a large benefit (Figure 3; Figure 4; Table 5).    

To select one or two watersheds for greater focus, we could include additional criteria that were 
not possible across the basin, including habitat quantity, perch, species, and opportunities.  
Partners can also do on-the-ground assessment of conditions, including habitat quality.  Costs 
and landowner/culvert owner willingness will be important factors to determine where to focus. 

 

 

 

 

 

 

 



Improving Salmon Passage in the Mat-Su Basin 

Mat-Su Basin Salmon Habitat Partnership ▪ page 17 

 

Table 5. Potential Grouped watersheds for restoration focus 

  Watersheds (HUC 10)  Tier 1  Tier 2  Tier 3  Total 
Tiers 1‐3 

Little Susitna‐Big Lake  Goose Bay  32  25  17  74 

  Little Susitna River  15  29  14  58 

  Willow Creek  2  15  5  22 

  Fish Creek‐Big Lake   1      1 

Matanuska‐Knik  Matanuska‐Knik Delta  34  22  7  63 

  Lower Matanuska River  10  8  1  19 

  Knik River‐Frontal Knik Arm  6  7  4  17 

  Upper Matanuska River  1  3  2  6 

  Middle Matanuska River  3  2  1  6 

Middle Susitna   Trapper Creek‐Susitna River  15  16  3  34 

  Montana Creek  4  2  2  8 

  Indian River‐Susitna River  1  2  2  5 

  Lower Talkeetna River  1      1 

Petersville  Outlet Kahiltna River  2  5  3  10 

  Moose Creek  5  2  2  9 

  Kroto Creek  1  3    4 

  Headwaters Kahiltna River  2  1  1  4 

Chulitna  Upper Chulitna River  4  2  3  9 

  Lower Chulitna River  1  4  1  6 

  East Fork Chulitna River    2  2  4 

  Middle Fork Chulitna River    1  1  2 

Susitna Headwaters   Butte Creek‐Susitna River  3  5    8 

  Clearwater Creek    2  3  5 

  Coal Creek‐Susitna River  1  2    3 

  Headwaters Maclaren River    1    1 
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Figure 4. Tier 1 – 3 priority culverts by watershed (HUC level 10) 
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Adult Barrier  

Inadequate culverts may impede movement of juvenile fish within a stream system or block adult 
salmon from spawning, thus removing a stream as productive habitat.  Forty-three crossings in 
the basin have perches greater than 12” and may pose a barrier to adult salmon.  Restoration of 
passage at these crossings could increase the amount of available spawning habitat, which in turn 
could introduce juveniles to more rearing habitat in the basin.  These crossings occur in 
watersheds with Tier 1 and Tier 2 culverts and in many cases, these culverts scored highly based 
on their gradient and constriction scores (Appendix 3).   

To determine if these culverts are blocking significant spawning habitat, the length of habitat 
upstream of the crossing can be calculated with available GIS stream layers or assessed with 
field surveys.   Where the length appears to be significant, habitat quality can be assessed in the 
field.  With this information, partners can determine restoration needs, estimate construction 
costs, and determine which agencies need to be involved to restore fish passage at these 
crossings.   

 

 

Agency Focus 

The Mat-Su Salmon Partnership could focus on helping its government partners with replacing 
their inadequate culverts.  The Mat-Su Borough owns 64% of the Tier 1 – 3 crossings and the 
State of Alaska owns 21%.The partnership can help these agencies in several ways.   

First, they can raise funds to assist with design and construction costs.  US Fish and Wildlife 
Service has worked with the Mat-Su Borough to provide technical expertise and construction 
funding for over 60 culverts in the last 15 years.  The Nature Conservancy (TNC) has applied for 
federal grants to replace culverts on borough roads and right-of-ways.  In some cases, TNC 
transferred the funds to the borough for the work to be contracted through the borough and in 
others, TNC acquired permits to replace culverts on right-of-ways.  The Alaska Department of 
Fish and Game, Chickaloon Traditional Native Council and Natural Resource Conservation 
Service have all contributed to replacements on state and borough roads in the past. 

Second, partners can work with the transportation agencies during their project scoping and 
planning phases to help identify culverts that need to be replaced.  This prioritization will aid 
these agencies in understanding which culverts are priorities.  The FPWG could work with the 
agencies to look at their current transportation project plans (i.e. DOT STIP, MSB CIP) for 
inadequate culverts that could be replaced during other road construction. 

Third, partners can advocate for these agencies to have greater support from their administrations 
to undertake fish passage restoration projects.  One strategic action of the Partnership’s plan 
identified education within agencies as a means to maintaining fish passage at roadways3. 

                                                 
3 Strategic Action 6.2.3: Educate Agencies and Private Developers about Fish Passage -- Develop a fish passage 
educational and outreach program for both agencies and the general public that explains the value of and legal 
requirements for maintaining fish passage and successful methods for achieving fish passage influence. Promote and 
conduct educational workshops on state-of-the-art design and status of fish passage in the Mat-Su Borough on a 
recurring basis. 
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Recommendations  
This prioritization aids in reducing the number of crossings that appear to require replacement to 
ensure fish passage, yet many barriers remain.  Recent monitoring of fish passage culvert 
replacements suggest that we could be more effective in selecting projects if we understood 
juvenile salmon distribution and habitat use better.  Additional analyses and field investigations 
are needed to select those culverts whose replacement will have the biggest benefit to salmon 
populations.  We will also need to seek funding to implement these fish passage priorities. The 
following recommendations includes the possible approaches to selecting those highest priority 
projects and are intended to guide the Mat-Su Salmon Partnership in next steps to improving fish 
passage in the Mat-Su Basin.  These approaches are not mutually exclusive and multiple 
approaches could be taken to provide greater understanding about fish passage and bring greater 
efficiency and effectiveness to restoration activities. 

 

 Perched Culverts: Do additional analyses and field investigations to determine which 
perched crossings have cut off important anadromous fish habitat, either adult spawning or 
juvenile rearing.  For culverts surveyed after 2005, take the prioritization to the next phase by 
including perch.  This could change the prioritization significantly for those culverts 
categorized as Red because of perch alone yet falling into Tier 2 or 3 in this prioritization.   

a. Re-survey culverts surveyed prior to 2005 and identified as Red due to perch. 
Reassess how the inclusion of perch affects culvert prioritization scores. 

b. As possible, use GIS to delineate potential habitat above these perched culverts and 
use expert opinion to identify potential replacement projects.  LiDAR data for the 
Mat-Su should make this task more feasible than existing datasets do. 

c. Field investigate to confirm quantity and determine quality of habitat and relative 
abundance of juvenile salmon upstream of perched culverts to indicate if an adult 
barrier exists.  

 

 Ecosystem Approach: Based on this prioritization, pick watershed(s) to start planning an 
ecosystem-scale fish passage program for the next 4 – 5 years. 

a. Choose watersheds based on stream types, habitat quality, species affected, potential 
benefits, and opportunities.  Also look for small streams where a series of inadequate 
culverts may trap juvenile fish in small sections of streams, creating greater densities 
and blocking access to additional habitat, possibly of higher quality for rearing and 
overwintering. 

b. Field investigate to determine quantity and quality of habitat inaccessible due to 
inadequate culverts, including perched culverts that block adult migration and all 
culverts that impede juvenile movement upstream and downstream. 
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 Agency Focus: 

a. Add generalized cost estimates to prioritization based on stream size, ownership and 
road surface 

b. Review borough and state transportation plans for overlap with watersheds with 
higher number of Tier 1 – 2 crossings 

c. Work with agencies to determine which projects are feasible 

 

 Watershed Study: Pick a watershed to study how culverts affect juvenile distribution and 
ecosystem functioning within a watershed.  Choose based on stream types, habitat quality, 
species affected, and opportunities.   

a. FWS completed a spawning distribution study and is currently undertaking a juvenile 
coho salmon tagging study in the Big Lake watershed to investigate their migration 
and habitat use, including overwintering areas.  These data will provide input into an 
optimization model to better prioritize culvert replacement in this area.    

b. Field investigate habitat variables to better understand how culverts affect juvenile 
and adult fish movement and juvenile distribution and ecosystem functions, such as 
sediment transport and flood control.  Additional analyses should incorporate some 
type of biotic measure (e.g. PIT tags, catch-per-unit-trap, mark recapture, etc,) 

 

 Funding: Develop a long-term funding plan for fish passage restoration in the Mat-Su.   

a. This might include agreements between the various organizations on roles and 
responsibilities. 

b. Identify potential funding, both private and public, for fish passage restoration from 
2013- 2018 (including grants, STIPs, foundations, etc.).  Create a calendar and 
partner responsibility list for applying for funds. 

c. Prepare an overall fish passage restoration project description that can be used as a 
basis for preparing proposals.   
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Appendices 
1. Alaska Department of Fish and Game Level 1 Assessment of Fish Passage 

2. Prioritized Crossing Sites in the Mat-Su with Criteria Scores  

3. Perched Crossing Sites in the Mat-Su with Criteria Scores 

 



Appendix 1: Alaska Department of Fish and Game Level 1 
Assessment of Fish Passage 

 
   





Appendix 2: Prioritized Crossing Sites in the Mat­Su with 
Criteria Scores  
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