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The purpose of this document is to provide a consistent means for analyzing baseline conditions and project effects to both the bull 
trout and designated critical habitat for the bull trout using the Matrix of Pathways and Indicators. 
 
The Matrix of Pathway Indicators (Matrix) for bull trout is used to evaluate and document baseline conditions and to aid in making 
effect determinations for proposed projects (USFWS 1999).  The Matrix analysis incorporates 4 population indicators and 19 physical 
habitat indicators.  Analysis of these indicators provides a systematic approach for evaluating the existing baseline condition and 
potential impacts in terms of metrics meaningful to bull trout. 
 
Designated critical habitat for the bull trout (75 FR 63898) is comprised of nine primary constituent elements (PCEs).  These physical, 
chemical, and biological features correspond to many of the Matrix habitat parameters.  Table 1 shows the relationship between the 
PCEs for bull trout critical habitat and the Matrix habitat indicators.  The refugia indicator is relevant to all PCEs because in order for 
the refugia indicator to be rated “functioning appropriately” most if not all of the PCEs must be present.  Only one indicator from the 
population pathways, persistence and genetic integrity, applies to evaluation of the condition of PCEs, but this indicator is not 
depicted in the Crosswalk to simplify Table 1.  The following information provides the rationale for how the nine PCEs for bull trout 
critical habitat can be addressed by using the Matrix indicators (named using italics font). 
 

1. Springs, seeps, groundwater sources, and subsurface water connectivity (hyporheic flows) to contribute to water 
quality and quantity and provide thermal refugia. 
 
The analysis of floodplain connectivity considers the hydrologic linkage of off-channel areas with the main channel and 
overbank-flow maintenance of wetland function and riparian vegetation and succession.  Floodplain and riparian areas provide 
hydrologic connectivity for springs, seeps, groundwater upwelling and wetlands and contribute to the maintenance of the water 
table.  The sediment and substrate embeddedness indicators describe the level of fine sediment in the gravel which affects 
hyporheic flow.  Fine sediment fills interstitial spaces making the movement of water through the substrate less efficient.  The 
chemical contamination/nutrients and temperature indicators evaluate the water quality of groundwater.  The off-channel 
habitat indicator suggests how much off-channel habitat is available, and generally off-channels are connected to adjacent 



channels via subsurface water.  The change in peak/base flows indicator considers whether or not peak flow, base flow, and 
flow timing are comparable to an undisturbed watershed of similar size, geology, and geography.  Peak flows, base flows, and 
flow timing are directly related to subsurface water connectivity and the degree to which soil compaction has decreased 
infiltration and increased surface runoff.  The drainage network increase and road density and location indicators assess the 
influence of the road and trail networks on subsurface water connectivity.  If there is an increase in drainage network and roads 
are located in riparian areas, it is likely that subsurface water is being intercepted before it reaches a stream.  If groundwater is 
being intercepted then it is likely that water quality is being degraded through increased temperatures, fine sediment, and 
possibly chemical contamination.  Streambank condition addresses groundwater influence through an assessment of stability.  
The disturbance history indicator evaluates disturbance across the watershed and provides a picture of how management may 
be affecting hydrology.  The riparian conservation areas indicator determines whether riparian areas are intact and providing 
connectivity.  If riparian areas are intact it is much more likely that springs, seeps, and groundwater sources are able to 
positively affect water quality and quantity. 
 

2. Migration habitats with minimal physical, biological, or water quality impediments between spawning, rearing, 
overwintering, and freshwater and marine foraging habitats, including but not limited to permanent, partial, 
intermittent, or seasonal barriers. 
 
The physical barriers indicator provides the most direct assessment of this PCE.  Analysis of this indicator includes 
consideration of whether man-made barriers within the watershed allow upstream and downstream passage of all life stages at 
all flows.  However, some indicators further evaluate physical impediments and others evaluate the biological or water quality 
impediments that may be present.  The temperature, sediment, substrate embeddedness, and chemical contamination/nutrients 
indicators assess whether other barriers may be created, at least seasonally, by conditions such as high temperatures, high 
concentrations of sediment, or contaminants.  The average wetted width/maximum depth ratio indicator can help identify 
situations in which water depth for adult passage may be a problem.  A very high average wetted width/maximum depth value 
may indicate a situation where low flows, when adults migrate, are so spread out that water depth is insufficient to pass adults.  
The change in peak/base flows indicator can help determine if change in base flows have been sufficient to prevent adult 
passage during the spawning migration.  The persistence and genetic integrity indicator addresses biological impediments by 
evaluating negative interactions (e.g., predation, hybridization, and competition) with other species. 
 

3. An abundant food base, including terrestrial organisms of riparian origin, aquatic macroinvertebrates, and forage fish. 
 
None of the indicators directly address this PCE, but a number of them address it indirectly.  The sediment and substrate 
embeddedness indicators document the extent to which substrate interstitial spaces are filled with fine sediment.  Interstitial 



spaces provide important habitat for aquatic macroinvertebrates, sculpin, and other substrate-oriented prey which are important 
food sources for bull trout.  The chemical contamination/nutrients indicator evaluates the level to which a stream is 
contaminated by chemicals or has a high level of nutrients.  Chemicals and nutrients greatly affect the type and diversity of 
aquatic invertebrate communities present in a water body.  The large woody debris and pool frequency and quality indicators 
assess habitat complexity.  High stream habitat complexity is associated with diverse and abundant macroinvertebrate and fish 
prey.  The off-channel habitat and floodplain connectivity indicators document the presence of off-channels which are 
generally more productive than main channels.  Off channel areas are important sources of forage, particularly for juveniles.  
The streambank condition and riparian conservation areas indicators both shed light on the very basis of the food base of a 
stream.  Vegetation along streambanks and in riparian areas provide important habitat for terrestrial macroinvertebrates that 
can fall into the water as well as sources of nutrient inputs that support aquatic invertebrate production. 

 
4. Complex river, stream, lake, reservoir, and marine shoreline aquatic environments and processes that establish and 

maintain these aquatic environments, with features such as large wood, side channels, pools, undercut banks and 
unembedded substrates, to provide a variety of depths, gradients, velocities, and structure. 
 
Several indicators address this PCE directly.  The sediment and substrate embeddedness indicators provide insight into how 
complex substrates are within a stream by documenting percent fines and embeddedness.  As percent fines and embeddedness 
increase, substrate complexity decreases.  The large woody debris indicator provides an excellent picture of habitat 
complexity.  The indicator rates the stream based on the amount of in-channel large woody debris.  Habitat complexity 
increases as large wood increases.  The pool frequency and quality and large pools indicators address habitat complexity by 
rating the stream based on the frequency of pools and their quality.  Habitat complexity increases as the number of pools and 
their quality increase.  The off-channel habitat indicator directly addresses complexity associated with side channels.  The 
indicator is rated based on the amount of off-channel habitat, cover associated with off-channels, and flow energy levels.  
Average wetted width/maximum depth ratio is an indicator of channel shape and pool quality.  Low ratios suggest deeper, 
higher quality pools.  The streambank condition and riparian conservation areas indicators both shed light on the complexity 
of river and stream shorelines.  Vegetation along streambanks and in riparian areas provides important habitat complexity and 
channel roughness.  The streambank condition indicator also provides information about the capacity of an area to produce 
undercut banks, which can be a very important habitat feature for bull trout.  The floodplain connectivity indicator addresses 
complexity added by side channels and the ability of floodwaters to spread across the floodplain to dissipate energy and 
provide access to high-flow refugia for fish.  The road density and location indicator addresses complexity by identifying if 
roads are located in valley bottoms.  Roads located in valley bottoms reduce complexity by eliminating vegetation and 
replacing complex habitats with riprap or fill, and often confine the floodplain.  The disturbance regime indicator documents 



the frequency, duration, and size of environmental disturbance within the watershed.  If scour events, debris torrents, or 
catastrophic fires are frequent, long in duration, and large, then habitat complexity will be greatly reduced. 
 

5. Water temperatures ranging from 2 to 15 °C (36 to 59 °F), with adequate thermal refugia available for temperatures 
that exceed the upper end of this range.  Specific temperatures within this range will depend on bull trout life-history 
stage and form; geography; elevation; diurnal and seasonal variation; shading, such as that provided by riparian 
habitat; streamflow; and local groundwater influence. 
 
The temperature indicator addresses this PCE directly.  The indicator rates streams according to how well temperatures meet 
bull trout requirements.  Other matrix indicators address temperature indirectly.  The off-channel habitat and floodplain 
connectivity indicators address how well stream channels are hydrologically connected to off-channel areas.  Floodplains and 
off-channels are important to maintaining the water table and providing connectivity to the channel for springs, seeps, and 
groundwater sources which contribute cool water to channels.  The average wetted width/maximum depth ratio indicator also 
corresponds to temperature.  Low width to depth ratios indicate that channels are narrow and deep with little surface area to 
absorb heat.  The streambank condition indicator documents bank stability.  If the streambanks are stabilized by vegetation 
rather than substrate then it is likely that the vegetation provides shade which helps prevent increases in temperature.  The 
change in peak/base flows indicator evaluates flows and flow timing characteristics relative to what would be expected in an 
undisturbed watershed.  If base flow has been reduced, it is likely that water temperature during base flow has increased since 
the amount of water to heat has decreased.  The road density and location and drainage network increase indicators documents 
where roads are located.  If roads are located adjacent to a stream then shade is reduced and temperature is likely increased.  
Roads also intercept groundwater and can reduce this cooling influence, as well as discharge typically warmer stormwater.  
The disturbance history indicator describes how much of the watershed has been altered by vegetation management and 
therefore indicates how much shade has been removed.  The riparian conservation areas indicator addresses stream shade 
which keeps stream temperatures cool.  The presence of large pools may provide thermal refugia when temperatures are high. 
 

6. In spawning and rearing areas, substrate of sufficient amount, size, and composition to ensure success of egg and 
embryo overwinter survival, fry emergence, and young-of-the-year and juvenile survival.  A minimal amount of fine 
sediment, generally ranging in size from silt to coarse sand, embedded in larger substrates, is characteristic of these 
conditions.  The size and amounts of fine sediment suitable to bull trout will likely vary from system to system. 
 
The sediment and substrate embeddedness indicators directly address this PCE.  These indicators evaluate the percent fines 
within spawning areas and the percent embeddedness within rearing areas.  The streambank condition and riparian 
conservation areas indicators indirectly address this PCE by documenting the presence or lack of potential fine sediment 



sources.  If streambanks are stable and riparian conservation areas are intact then there is a low risk of introducing fine 
sediment from bank erosion.  Also, the floodplain connectivity indicator indirectly addresses this PCE.  If the stream channel is 
connected to its floodplain, then there is less risk of bank erosion during high flows because stream energy is reduced as water 
spreads across the floodplain. The increase in drainage network and road density and location indicators assess the effects of 
roads on the channel network and hydrology.  If the drainage network has significantly increased as a result of human-caused 
disturbance or road density is high within a watershed and roads are located adjacent to streams, then it is likely that in-channel 
fine sediment levels will be elevated above natural levels.  The disturbance regime indicator documents the nature of 
environmental disturbance within the watershed.  If the disturbance regime includes frequent and unpredictable scour events, 
debris torrents, and catastrophic fire, then it is likely that fine sediment levels will be elevated above background levels.  A 
consideration for all indicators directly or indirectly influencing this PCE is that it is desirable to achieve an appropriate 
balance of stable areas to provide undercut banks and eroding areas that are sources for recruiting new spawning gravels.  Too 
little sediment in a stream can also be detrimental.   
 

7. A natural hydrograph, including peak, high, low, and base flows within historic and seasonal ranges or, if flows are 
controlled, minimal flow departure from a natural hydrograph. 
 
The change in peak/base flows indicator addresses this PCE directly by documenting the condition of the watershed 
hydrograph relative to an undisturbed watershed of similar size, geology, and geography.  There are several indicators that 
address this PCE indirectly.  The streambank condition indicator documents bank stability.  If the streambanks are stabilized 
by vegetation rather than substrate then it is likely that the streambank can store water during moist periods and releases that 
water during dry periods which contributes to water quality and quantity.  The floodplain connectivity indicator is relevant to 
water storage within the floodplain which directly affects base flow.  Floodplains are important to maintaining the water table 
and providing connectivity to the channel for springs, seeps, and groundwater sources which contribute to water quality and 
quantity.  The increase in drainage network and road density and location indicators assess the influence of the road and trail 
networks on hydrology.  If there is an increase in drainage network and roads are located in riparian areas, it is likely is being 
intercepted and quickly routed to a stream which can increase peak flow.  The disturbance history indicator evaluates 
disturbance across the watershed and provides a picture of how management may be affecting hydrology; for example, it may 
suggest the degree to which soil compaction has decreased infiltration and increased surface runoff.  The riparian conservation 
areas indicator determines whether riparian areas are intact, functioning, and providing connectivity.  If riparian areas are 
intact it is much more likely that springs, seeps, and groundwater sources are able to positively affect water quality and 
quantity.   
 

8. Sufficient water quality and quantity such that normal reproduction, growth, and survival are not inhibited. 



 
This PCE is closely related to PCE 7, with PCE 8 adding a water quality component (i.e., there is a high level of overlap in 
indicators that apply to both PCEs 7 and 8).  The temperature and chemical contamination/nutrients indicators directly address 
water quality by comparing water temperatures to bull trout water temperature requirements, and documenting 303(d) 
designated stream reaches.  Several other indicators indirectly address this PCE by evaluating the risk of fine sediment being 
introduced that would result in decreased water quality through increased turbidity.  The streambank condition and riparian 
conservation areas indicators indirectly address this PCE by documenting the presence or lack of potential fine sediment 
sources.  If streambanks are stable and riparian conservation areas are intact then there is a low risk of introducing fine 
sediment from bank erosion.  Also, the floodplain connectivity indicator indirectly addresses this PCE.  If the stream channel is 
connected to its floodplain, then there is less risk of bank erosion during high flows because stream energy is reduced as water 
spreads across the floodplain.  Average wetted width/maximum depth ratio is an indication of water volume, which indirectly 
indicates water temperature, (i.e., low ratios indicate deeper water, which in turn indicates possible high-flow refugia).  This 
indicator in conjunction with change in peak/base flows is an indicator of potential water quality and quantity deficiencies, 
particularly during low flow periods.  The increase in drainage network and road density and location indicators assess the 
effects of roads on the channel network and hydrology.  If the drainage network has significantly increased as a result of 
human-caused disturbance or road density is high within a watershed and roads are located adjacent to streams, then it is likely 
that suspended fine sediment levels will be elevated above natural levels.  If roads are located adjacent to a stream then shade 
is reduced and temperature is likely increased.  Roads also intercept groundwater and can reduce this cooling influence, as well 
as discharge typically warmer stormwater.   The disturbance regime indicator documents the nature of environmental 
disturbance within the watershed.  If the disturbance regime includes frequent and unpredictable scour events, debris torrents, 
and catastrophic fire, then it is likely that turbidity levels will be elevated above background levels. 
 

9. Sufficiently low levels of occurrence of nonnative predatory (e.g., lake trout, walleye, northern pike, smallmouth bass); 
interbreeding (e.g., brook trout); or competing (e.g., brown trout) species that, if present, are adequately temporally 
and spatially isolated from bull trout. 
 
The only indicator that directly addresses this PCE is the persistence and genetic integrity indicator.  This indicator addresses 
the likelihood of predation, hybridization, or displacement of bull trout by competitive species.  The temperature indicator can 
provide indirect insights about whether conditions are conducive to supporting “warm water” species. 

  



Table 1.  Relationship of the Matrix Indicators to the Primary Constituent Elements of Bull Trout Critical Habitat 
   

Pathways (bold) and Indicators 

PCE 1 - 
Springs, 
Seeps, 
Groundwater 

PCE 2- 
Migratory 
Corridors* 

PCE 3 - 
Abundant 
Food 
Base 

PCE 4 - 
Complex 
Habitats 

PCE 5 - 
Temperature 

PCE 6 - 
Substrate 

PCE - 7 
Hydrograph 

PCE 8 -
Water 
Quality/ 
Quantity 

PCE 9 - 
Nonnative 
Species* 

        
 

  
 

      
Water Quality                   
  Temperature X X     X     X  X 
  Sediment X X X X   X       
  Chemical Contamination/Nutrients X X X         X   
Habitat Access                   
  Physical Barriers   X               
Habitat Elements                   
  Substrate Embeddedness X X X X   X       
  Large Woody Debris     X X           
  Pool Frequency and Quality     X X           
  Large Pools       X X         
  Off-Channel Habitat X   X X X         
  Refugia X X X X X X X X X 
Channel Conditions and Dynamics                   
  Wetted With/Max. Depth Ratio   X   X X     X   
  Streambank Condition X   X X X X X X   
  Floodplain Connectivity X   X X X X X X   
Flow/Hydrology                   
  Changes in Peak/Base Flows X X     X   X X   
  Drainage Network Increase X       X X X X   
Watershed Conditions                   
  Road Density and Location X     X X X X X   
  Disturbance History X       X   X     
  Riparian Conservation Areas X   X X X X X X   
  Disturbance Regime       X   X   X   

* = PCE is also related to the population pathway, persistence and genetic integrity indicator 
 


