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Introduction

This document provides guidance on applying methods for assessing aquatic and 
riparian habitats in the Taos area.  The document includes study design, method 
implementation, quality assurance,  and equipment considerations.  

Why is stream habitat assessment important? 

Stream habitat assessment combines measurements of riparian and aquatic habitat.  
The term riparian evolved from the Latin word rip(a) meaning of, adjacent to, or 
living on the bank of a stream, lake, or pond.  A riparian area parallels the edges of 
all stream channels and lakes.  It is an area where the river or stream regularly fl oods  
and later withdraws to a narrower channel.  The soils in riparian areas are typically 
rich with nutrients and water.  Because they have higher water tables and more nutri-
ents than the upland soils.

Taos Pueblo lands contain rich riparian habitat that can serve as important regional 
reference sites, or natural benchmarks, for what valleys emerging from the Sangre 
de Cristo Mountains could become if managed for high biodiversity and wildlife 
values.  Riparian areas have great esthetic and recreational value.  They are at risk 
from catastrophic wildfi re, depletion of water table from domestic wells, and the 
cumulative impact of stressors of drought and human  disturbance.  

Protocol alignment with TPOE program development 

Habitat assessment will enable the TPOE to characterize the aquatic and riparian 
resources, determine the current condition, and monitor changes over time. The 
training in habitat assessment will be incorporated into a long-term commitment 
towards staffi ng and equipping the TPOE offi ce with adequate resources for 
undertaking annual evaluations of targeted streams.  The implications of this 
commitment mean that Taos Pueblo employees need to create, evaluate and revise 
monitoring plans, train staff, assess the needs of data users, and purchase and 
upgrade equipment as necessary.  
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Study Design

 The selection of stream segments for regular assessment constitutes one of 
the most important decisions of designing a successful monitoring plan.  Stream 
order and elevation need to be considered.  Stream order refers to the number of 
perennial watercourses that contribute to a stream channel.   Stream habitat takes 
on different characteristics naturally as the number of higher order streams join at 
confl uences and the river’s steepness, or gradient, decreases.  Elevation and the 
associated climate also infl uence growing season and rainfall at a site.  

Taos Pueblo land covers three general elevation types: high montane valleys, 
alluvial fan areas at the base of the mountains, and the outwash plains such as the 
areas near the Pueblo and the town of Taos.  The basalt-rimmed canyon where 
the Rio Pueblo enters the Rio Grande might be a fourth elevation type that could 
be added.  The narrow mountain valleys tend to be where land use has the least 
impact but the risk of damage by catastrophic fi res is greatest.  

An effective evaluation of stream habitat on Taos Pueblo requires measuring 
different streams types to address a range of management issues.  Most 
habitat measurements taken at a low order, high elevation stream cannot be 
compared with measurements at a lower elevation, higher order river because 
the characteristics of the streams will naturally be different.  The three different 
elevation types provide a good starting point for selecting sites.

Two montane valley sites have been selected at this time, one on the Rio Lucero 
and one on the Rio Pueblo.   Sites should be located in each of the general 
elevation types and in areas with specifi c management concerns.  River Source 
recommends that, at a minimum, two additional sites be evaluated in the lower 
elevation types.  A site on an alluvial fan in the foothills of the mountains might 
identify land management issues related to habitat impacts from drought, 
development and diversions of water.  TPOE staff have considered the possibility of 
locating a site on the east side of the Karavas tract above Las Cordovas.  This site 
would assess the impact of urban development by residents of the Town of Taos.

Sites that are assessed should be representative of the local area and based on 
specifi c management concerns.  Representative sites will have the typical kinds of 
physical characteristics, plant community, and hydrologic conditions for the local 
area or elevation type.  Considerations for management concerns may include 
protection of critical habitat locations, sacred sites, or determining the impact of 
non-tribal residents on tribal natural resources.  
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Other study design considerations that need to be addressed are: 
1. Work load of conducting the assessments at planned sites in relation to 

available staff resources
2. Timing and frequency of the assessment.  Habitat assessments generally 

need to be no more frequent than annual evaluations.  Spring, summer or 
fall can be considered, though fall may be the best time for several of the 
measurements.  The access issues based on spiritual practices of the tribe 
also need to be considered.

A. Quality assurance for data users

The primary data users are tribal elders and offi cials, tribal members, and possibly 
the general public  as deemed appropriate by tribal representatives.  

The TPOE habitat assessment program has several data objectives.  
They are: 

1. Education and general awareness of the values, character and conditions 
of riparian areas in the Taos area. 

2. Gross problem identifi cation or screening
3. Baseline data collection
4. Targeting of sites for additional study, restoration or land management 

recommendations

Quality assurance objectives call for data that has a moderate level of rigor.  No 
duplicate or replicate sampling will be conducted.  Adequate training of new 
staff by senior and experienced staff will be critical for consistent application of 
measurements and creating information and reports that data users can rely on to 
identify potential issues and make wise land management decisions.  

B. Training 

Repeat training for staff prior to each fi eld season will be a primary way to assure 
the quality of the data.  Tribal capacity to conduct habitat assessment increases as 
more people receive training.

C. Equipment

Ø Densiometer (for quantifying vegetation shading the stream).
Ø Clinometer (for measuring stream gradient and bank angle)
Ø Tape measure (100 meter on one side of tape and feet in tenths of feet on 

other side)
Ø Surveyors rod (in tenths of feet)
Ø Ruler (in millimeters for pebble count)
Ø Counter (hand counter used at concerts etc. to rapidly count people passing 

through gate)
Ø Laser level, rod, tripod (for site set-up only)
Ø Rebar and mallet for setting monuments & benchmarks
Ø Aluminum tabs for labeling rebar monuments



Page 5Taos Pueblo Stream Habitat Assessment Protocol - version 1.2

Ø Caps for rebar
Ø A plastic box to store and haul equipment (optional)
Ø Meter stick for measuring depth
Ø Pin fl ags for measuring canopy gaps
Ø Flagging (colored tape)
Ø Calculator, pencils, clipboards
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Methods

A. Site set-up and mapping

The site needs to be set-up and mapped prior to taking measurements.  Each site 
should include approximately 200 linear feet of river segment that is delineated by 
clear natural boundaries (such as a large boulder that won’t be likely to move) or 
by rebar stakes or other human structures.  Each segment should have three cross-
sections transects set using rebar stakes set on both sides of river.  The locations of 
the top and bottom of the segment and the location of the rebar stakes should be 
recorded using a GPS.  All of this information should be refl ected on the site map 
along with the channel form and other signifi cant landmarks and points of interest.

The three cross-sections transects should be located in areas that are 
representative of the stream channel for both riffl e and pool habitats.  
Representative sites will have the typical kinds of channel and bank characteristics, 
streambed material, plant community, and hydrologic conditions.  The transects 
should be located at points where there are good indicators of bankfull height.   
Indicators of bankfull height include abrupt change in bank slope from near vertical 
to near horizontal, the lower edge of permanent vegetation, and the elevation of 
point bars.  Two transects should intersect riffl es while the other should be in a 
pool habitat.   

A hand-drawn map needs to prepared at the site prior to the survey and verifi ed 
and redrawn, if necessary, each time staff conducts subsequent monitoring.  The 
primary elements of the map include: 

1. General meander pattern of stream
2. Location of transects
3. Location of an signifi cant landmarks (large boulders, cliffs, trees in 

the river and riparian zone)
4. Location of human structures such as roads, trails, rebar monuments, 

and fences
5. Location of structures that alter hydrology such as culverts, islands 

and log or debris jams
6. General assessment of land use such recreation sites, homes, and 

river crossings.  

See the appendix for the site map form
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B. On-site procedure checklist 

The following habitat parameters will be measured at each site:
1) Channel Cross-sections (at 3 cross-sections)
2) Stream fl ow
3) Canopy Cover (at 3 cross-sections)
4) Undisturbed buffer width (at 3 cross-sections)
5) Bank angle (at 3 cross-sections)
6) Pebble count
7) Pool to riffl e ratio
8) Sinuosity
9) Stream Gradient
10) Canopy gap (at lower elevation sites or where revegetation activities need 

assessment).

Suggested sequence of measurements
1.  Select locations for 3 cross-section transects
2.  Draw site map
3.  Measure the stream channel cross-section (start at the downstream   
       transect).  As you measure cross-sections also measure #4 - 6.   

4.  Measure the canopy cover at 6 positions on transect
5.  Measure the distance to the nearest disruption on both bank 

(Undisturbed Buffer Width)
6.  Determine the bank angles for both banks near the cross-section

7.  Repeat steps 3 to 6 at 2 other cross sections
8.   Measure stream fl ow
9.  Return to downstream cross-section 
10. Conduct pebble count as you move upstream
11. Measure the distance between riffl es as you move downstream 
12. Measure stream length for sinuosity as you move upstream
13. Measure valley length for sinuosity as you move back downstream
14.  Measure stream gradient as you more upstream
15. Measure canopy gap, if appropriate

Field Form list 
1) Hand-drawn site map and land use inventory
2) Cross-section form (includes canopy cover, bank angle, undisturbed buffer 

width data)
3) Field and results sheet (Pebble Count, Pool to Riffl e Ratio Sinuosity, 
     Stream Gradient, and Width to Depth Ratio, Stream fl ow)
4) Pebble count tally sheet + graph paper
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Channel Cross-sections

What & Why:  The channel cross-section is a profi le of the streambed.  It is measured 
at a transect across the stream that is perpendicular to the fl ow of the river.   The cross-
section transects needs to be located where the banks and channel are representative 
the typical characteristics of the stream segment.  It is used to determine the width 
and depth of the channel and water,  as well as the character of the banks and general 
shape of the channel.  The character of a stream channel is determined by the banks, 
the stream gradient,  stream bottom composition,  volume of water and sediment, 
and human disturbance.  The cross–section profi le indicates the general character of 
the channel and the condition of the habitat (see width to depth ratio below). A cross-
section profi le provides a permanent record of the channel morphology at a point in time 

Materials:  tape measure, surveyors rod, pins 

How:
1. Starting at the down stream cross-section, determine bankfull height
2. Run a measuring tape across the stream perpendicular to fl ow (always start with 

0 on the left bank, left and right banks are determined facing downstream, “goin’ 
with the fl ow”).  Measure and record bankfull width and wetted width

3. Stretch the measuring tape tight and level at bankfull height and secure on both 
banks with pins or rocks

4. At one foot intervals across the channel, place the survey rod on  the streambed.  
Read and record the distance from the left bank and the height to the tape and 
depth of the water (where present).  If the one foot intervals miss important 
features of the stream bed such as the edge of the water, the thalweg (deepest 
portion of channel) or gravel bar, take additional  readings to refl ect these 
features in your profi le (see fi gure below).

Use the height and distance readings to graph the channel cross-section on the fi eld 
form.  By using different scales on the X and Y axis, this graph exaggerates changes in 
depth to help visualize the profi le.  The cross-section can also be graphed using an Excel 
spreadsheet.  The cross sectional area can be calculated in one of two ways.  The fi rst 
way is to multiply the average depth by the average width of the channel.  The second 
way is by dividing the stream into a number of windows and taking the depth reading 
in the center of each window (see fi gure below).  The area of each of these windows is 
calculated by multiplying the width times the depth.  The cross sectional area is the sum 
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of the areas of all of the windows.  The small triangles at the edge of the stream 
are not included as the velocity in this area is low and does not contribute 
signifi cantly to stream fl ow.

Interpretation and analysis:  Monitoring the same location over time can show 
trends in bank and streambed erosion and deposition and overall stability.  The 
profi le can change due to natural (fl oods, wild fi res) and man made (over grazing, 
altered fl ow regimes, etc) disturbances.  High rates of change are indicative of 
unstable channels.  

The width to depth ratio is a ratio of the average bankfull channel width to the 
average bankfull depth. A width to depth ratio of less than 7:1 is optimal for fi sh 
and aquatic insect habitat  (Rosgen 1994). A very wide and shallow stream with 
a width/depth ratio of more than 25:1 is considered poor habitat for fi sh and the 
macroinvertebrate food supply they depend on (Gibson 1994; Ball 1982).

Excellent Good Fair Poor
ratio < 7 ratio= 8-15 ratio = 15-25 ratio < 25
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Stream fl ow

What and Why:  Stream fl ow (or discharge) is a measure of the volume of water 
fl owing past a cross section of a stream in a given time.  It usually measured in 
cubic feet per second (cfs or ft3/sec).  It is measured by determining the velocity 
of water moving past a known cross-sectional area of stream then multiplying 
the velocity (in feet per second) by the cross sectional area (in ft2) to the get the 
discharge in cfs.  

Stream fl ow determines how much life the river can support.  The amount of 
water fl owing in a river can affect many physical and biological characteristics of a 
river.  Water temperature, levels of dissolved oxygen and turbidity are affected by 
stream fl ow.  The temperature of water in slow fl owing, shallow rivers tends to be 
warmer than that of deeper, faster-fl owing rivers.  Faster fl ow may cause waves 
and tumbling of water, which mixes atmospheric oxygen into the water thereby 
increasing dissolved oxygen levels.  Faster fl ow of water can cause increased 
erosion of river banks which may result in elevated levels of turbidity.  Thus, the 
rate of fl ow determines the conditions of the water, which determines the types of 
plants and animals living in and around the river. 

Materials: tape measure, yard- or meter stick, fl oatable object (such as an 
orange), timer, and data sheet

How:

1. Select a site that includes one of the cross-sections.  Find a fairly straight 
stretch of river where the water fl ows fast and the bottom is relatively fl at.

2. Measure a length river of approximately 10 feet, placing a marker at the 
beginning point and another at the end point.

3. Drop a fl oating object in the center of the river at least 3 feet upstream of 
the beginning point. 

4. Begin the timer once the fl oating object has reached the beginning point.
5. Stop the timer once the fl oating object has reached the ending point.  (Note:  

if the object becomes lodged or stuck in an eddy, start the procedure over 
again.)

6. Drop the fl oating object into the river at least three times, recording the time 
it takes to travel the distance from beginning to end.  Calculate an average 
time.

7. Multiply the velocity by the cross-sectional area to obtain a streamfl ow.  Use 
the cross-sectional area data from the nearest cross-section for the area.  To 
obtain a fi nal adjusted streamfl ow, multiply the streamfl ow by a factor of 0.9 
for streams with a smooth bottom or for streams with a rough bottom use 
0.8.  This factor takes into consideration the uneven surface bottom of the 
river that will slow velocity down.  
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Interpretation and analysis:  For small streams where water is generally 
cold (below 20oC) the following guidelines can be used to assess your fl ow data 
following Oswood and Barber (1982).  This criteria generally applies to fi sheries 
objectives.   

Excellent Good Fair Poor
> 2 cfs 1-1.9 cfs 0.5-0.9 cfs < 0.5 cfs

Greater than 2 cubic feet per second (cfs) during low fl ow conditions is a the 
bare minimum that can sustain a viable fi shery over time.  Please keep in mind 
that stream fl ow will vary signifi cantly over time depending on precipitation rates, 
temperature and diversion.  
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Undisturbed Buffer Width

What & Why:  Undisturbed buffer width refers to the area adjacent to the 
stream that contains unaltered vegetation.  Vegetative buffer strips are effective 
in reducing pollutants, such as sediment and nutrients, entering streams.  The 
undisturbed buffer width indicates the amount of disturbance in the watershed and 
its potential to impact the stream. 

Materials:  measuring tape

How: Extending out from each cross-section, use a tape measure to measure the 
distance from the stream edge to the nearest disturbance (road, building structure, 
agricultural impact such as grazing or farming, etc).  Record the distance on the 
fi eld sheet.  If this distance is greater than 100 ft, note this and give an estimated 
distance to nearest disturbance.  Note the type of disturbance. 

Interpretation and analysis:  Several authors consider 60 feet of buffer width 
to be suffi cient for many riparian situations (Schueler 1987).  Where riparian areas 
have very steep slopes and/or heavily fertilized agricultural runoff, a buffer of 
more than 60 feet may be necessary.   An average vegetated width on one or both 
sides of less than 20 feet, it is considered poor (Barbour and Stribling 1991).  An 
undisturbed buffer width of 20-40 feet could be considered fair, 40-60 good, and 
greater then 60 feet as optimal.   Monitoring the same location over time can show 
if the riparian area is increasing or decreasing due to disturbance or succession of 
vegetation following a disturbance.  

Bank Angle, Cover and Height

What & Why:  Bank angle, height, and cover determine bank stability.  Steep, 
high banks are more likely to erode then are gently sloping banks.  Well vegetated 
banks are usually more stable.  Vegetation as well as large rocks on the stream 
bank resists erosion.  Eroding banks indicate an unstable system and problems  
with sediment transport and scarcity of cover and organic input into the stream. 

Materials: surveyors rod or meter stick and clinometer

How:  The bank angle and height should be measured just upstream of the cross-
section where the bank is representative of the majority of banks in the study 
reach and not impacted by work at the cross section.

1) Place a meter stick or surveyors rod against the bank with one end at the waters 
edge. 
2) Lay the clinometer on the rod as shown in the fi gures below
3) Read and record the bank angle in degrees (external scale on the clinometer) 
If the bank is greater the 90 degrees place the clinometer on the other side of the 
rod, subtract the angle reading from 180 and record.  If the bank is undercut, note 
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this and measure and record the horizontal distance of the undercut.  Undercut 
banks are great fi sh habitat!
4) Observe the bank from the water’s edge to the fi rst terrace (the point where 
the slope changes and the river, if at a fl ood height, gains access to a wider fl ood 
plain).  Estimate the vertical height of the bank.  Record height on the fi eld sheet.  
Rate the results based on the following scale: 8 inch height = good, 8.1 to 18 inch 
= fair, greater than 18 inch = poor.  

5) Observe stream bank cover by looking at a 10 ft2 centered on the transect.  
Count live vegetation, exposed root mass, big logs, and large boulders as cover.  
Cobble material and litter do not count as cover.  Rate the streambank cover as 
follows:

Rating Excellent Good Fair Poor

Percent of the bank surface 
covered by well rooted 

vegetation or stable rock
 >80 % cover 80-50% cover

50-25% 
cover

<25% cover

6) Repeat on the other bank

Interpretation and analysis:  A bank that has low cover and live root mass, has 
a steep angle (>30 degrees) and/or is greater than 1 foot high may be unstable.  
The high variability in these parameters among different stream types makes it 
impractical to evaluate the data based on numerical results.  Evaluate the data over 
time at the same site to see how the characteristics change as a result of a change 
in land management, restoration practices, or natural disturbance.  
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Canopy Cover

What & Why:  Shading provided by vegetative canopy cover is important in 
reducing summer water temperatures and as a mediating factor in the solar energy 
available for primary production (Barbour and Stribling 1991; Platts et al. 1983). 
Diversity of shade conditions is considered by Barbour and Stribling (1991) to be 
optimal, with different areas of a stream reach receiving direct sunlight, complete 
shade and fi ltered light.

Materials:  Taped Convex Densiometer

How: Canopy shading should be measured at each cross-section.  Measurements 
should be taken at 6 positions along the cross-section transect.  Measurements are 
taken at the wetted edge of the left and right bank (i.e., holding the densiometer 
at the waters edge facing the bank).  Four additional measurements are taken in 
the center of the stream, facing upstream, toward the left bank, facing downstream 
and toward the right bank.

Canopy cover is measured using a Convex Densiometer taped as shown to limit the 
number of intersections to 17 (see fi gure below).  To take a densiometer reading:

1) Hold the densiometer 1 foot above the surface of the water
2) Level the densiometer with the bubble
3) With your face just below the apex of the taped V, count and record 

the number of grid intersections that are covered with the refl ection of 
vegetation (see fi gure below).  The count will range from 0 to 17.  In some 
cases it may be easier to count the intersections that are not cover and 
subtract this number from 17.  In the fi gure below count intersections A-G.  
Subtract the sub-total from 17 for a reading of 10. 

4) The percent canopy cover can be calculated by dividing the count (x) by 17 
and multiplying by 100 (i.e.  (x/17)100)

Schmatic of modifi ed 
convex spherical canopy 
densiometer.  In this 
example, 10 of the 17 in-
tersections show canopy 
cover, giving a reading of 
10 (EMAP-SW-Streams 
Field Operations Manual 
1998)
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Interpretation and analysis:  Identify a reference reach for the study area and 
compare the average percent canopy cover for the banks and stream center.  If the 
canopy cover for the study site is signifi cantly lower then the reference site, it may 
be impaired.  Also look at the variability of the canopy reading taken.  High quality 
habitat will have a mix of readings from 0 to 17 representing a diversity of shade 
conditions.  Canopy cover measurements taken from the same site during the same 
season over a number of years can be compared to examine changes in stream 
shading.  This parameter can be helpful in monitoring the success of restoration 
projects, rates of natural regeneration after disturbance and grazing, effects of land 
management activities such as exotic vegetation removal or logging.
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Pebble Count

What & Why:   Substrate is the mineral or organic material which forms the 
bed of the stream.  Substrate varies from roots and dead wood to large boulders, 
gravel, sand and clay.  The composition of the streambed is an important 
characteristic of a steam and infl uences how it functions and the type of aquatic 
live it will support.  For example, trout need gravel that contains very little fi ne 
material to spawn in.  Stream with fi ne substrate will support more diptera benthic 
macroinvertebrates, while cobble streams will have more  stonefl ies and mayfl ies.  

A pebble count is a basic technique to get a quantitative description of  substrate.  
Sample pool and riffl e habitats in proportion to their occurrence in the study area.  

Materials:  ruler, tally sheet, and counter

How:
1) From the lower transect pace upstream approximately 20 ft
2) Measure the stream width to bankfull height and divide this number by 10,  

this will be the measurement between steps across the transect
3) Starting at the bankful height, avert your gaze and pick up the fi rst particle 

touched by the tip of your index fi nger at the toe of your wader (start at 
bankfull height), 

4) Measure the intermediate axis, the intermediate axis is neither the longest 
nor shortest side of the pebble (see fi gure below).  Measure the particle in 
place if it cannot be removed

5) Call out the measurement to the note taker who records it in the 
appropriate size class (see fi gure on next page), repeats it back for 
confi rmation, and clicks the counter to keep track of when the reader has 
reached 100 measurements.  

6) Pace a distance approximately 1/10 the width of the stream (determined 
above) and repeat steps 3 and 4 across the transect until you have 10 
measurements

7) Pace upstream approximately 20 ft and repeat the process 9 times until you 
have measured 100 particles
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Interpretation and analysis:  Composition of the substrate is one of the general 
characteristics of channels that can be used to classify streams.  The results of the 
pebble count are used to calculate the percent fi nes and D50 value.  

To calculate the D50 value, begin totalling the number of particles and the 
percentage of the total in each size class.  Add up the percentage for each size 
class until you reach 50% of the particles  The diameter of the particles that has 
the cumulative % of 50 is the D50.  The D50 value represents the median, or 
typical, diameter size of stream particles.  The D50 value may decrease as a stream 
becomes less stable.  Fifty percent (50%) of the substrate particles will be below 
this diameter.  The D84 is calculated in the same manner and can be important in 
identifying where fl ood events have occurred.

Percent fi nes is the percent silt, clay and fi ner sand measurements recorded.  It 
is calculated by dividing the number of recordings of silt, clay, and very fi ne and 
medium sand (all particles <0.5 mm) by the total number of recordings (usually 
100) taken and multiplying by 100. 

Identify a reference reach for the study site and compare the percent fi nes those 
of the reference site.  Increase in the percent fi nes can indicate increased rates 
of erosion and potential impairment of the aquatic habitat.  Pebble counts taken 
from the same sites over time can be compared to determine if there is a trend in 
changes to the substrate composition.
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Stream Gradient

What & Why:  The Stream Gradient refers to the slope of the stream.  It is an 
important feature in characterizing streams and understanding how they function.  
In particular it regulates stream velocity and channel characteristics. 

Materials: clinometer and surveyors rod

How:   
1) Standing on a fi rm level surface, place the survey rod at the arch of your 

foot and measure the height to your eyes. 
2) Mark this height on the rod so that it can be easily seen from a distance of 

50 – 100 feet (fl agging or colored tape works well for this).
3) Have person with the rod stand at downstream end of the study reach and 

place the rod at the waters edge.
4) Walk upstream 100 feet or until you are about to lose the line of sight to the 

rod.
5) Stand level with the water height and back sight the rod (see fi gure below).   

This is tricky as you need to focus both on the scale in the clinometer and 
on the mark on the rod.  Line the line in the clinometer up with the mark on 
the rod and read and record the percent slope scale on the right hand side 
of the clinometer.  Be sure that both you and the rod are at water height. 
Gradually sloping streams with slopes less than 2 degrees are very diffi cult 
to measure precisely with a clinometer.   On these streams a reading of <2 
can be recorded.     

6) Have the person with the rod walk upstream to you while you again walk 
upstream 100 feet or until you are about to lose the line of sight to the rod.  
Repeat step 5 and 6 until you have 3-5 reading.  Average these to get the 
average stream gradient.  
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Interpretation and analysis:  The stream gradient result refl ects the general 
character of the stream.  Rosgen describes the typical stream gradients found in 
western landscapes.  Land management practices that straighten rivers or creeks 
can create channels with steeper gradients than a relatively undisturbed creek. You 
can compare your results to a reference reach, the Rosgen values and to the same 
site over time.  



Taos Pueblo Stream Habitat Assessment Protocol - version 1.2 Page 20

Pool to Riffl e Ratio

What & Why:  The pool to riffl e ratio refl ects the proportions of these types 
of aquatic habitat in a stream.  It is helpful in predicting a stream’s capacity for 
providing resting and feeding habitats for fi sh.  Undisturbed streams typically have 
alternating pool and riffl e areas which tends to support the highest species diversity 
and food sources for fi sh.  Riffl es are areas where the stream depth is relatively 
shallow, the gradient and velocity greater and the water surface broken.   Riffl es 
provide most of the food and spawning areas for fi sh while pools provide cover and 
resting areas.  Upstream land use activities, as well as human-caused changes to 
fl ow regimes, can profoundly change pool/riffl e relationships, (Frissell et al. 1986). 

Materials:  Tape measure

How:   Use a tape to measure the distance between each riffl e for a distance 
of approximately 200 feet. For high gradient streams, calculate the ratio by 
dividing the average distance between riffl es by the average stream width using 
the wetted edge.  For low gradient streams (less than 1%), calculate the ratio 
by dividing the average distance between river bends by the average river width. 
If a stream contains riffl es and bends, the dominant feature with the best habitat 
should be used (Barbour and Stribling). 

Interpretation and analysis:  If the ratio of distance between riffl es to stream 
width is between 5:1 and 7:1, heterogeneity for aquatic insects and fi sh is optimal, 
while a ratio of more than 25:1 is considered a poor habitat (Frissell et al. 1986). 
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Sinuosity

What & Why:  Sinuosity is the amount of curves in a stream.  It is defi ned by 
the stream length divided by the valley length.   Bends or meanders in a stream 
provide more diverse aquatic habitats and help to dissipate the energy of fl owing 
water.  This absorption of energy by bends protects the stream from excessive 
erosion and fl ooding and provides refugia for benthic macroinvertebrates and fi sh 
during storm events.

Materials:  Tape measure

How:   
1) Starting at either the top or bottom of the study reach mark your starting 

point on the bank. 
2) Walk up the stream playing out the tape.  Allow the tape to capture the 

length of the channel but not be pulled out by the fl ow of the water. It is 
helpful to hook the tape around rocks and vegetation to hold it in the stream 
channel as you move upstream. 

3) Measure the stream length of four meanders or 400 feet.  
4) Walk to the bank and measure the valley distance back to your starting point
5) Divide the stream length by the valley length to get sinuosity.

Interpretation and analysis: In general, low sinuosity (closer to a ratio of 1:1) 
suggests a steeper channel and higher sinuosity values (over 2:1) indicate a less 
steep channel.  Straightened streams (sometimes with levees) often have lower 
sinuosity values than a less-disturbed stream reach at the same elevation.  
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Canopy gap monitoring

What & Why:  This measure is designed to record the gaps in the plant canopy 
cover.  These gap areas are more susceptible to wind and water erosion and may 
serve as establishment sites for invasive species.  By measuring the gaps between 
live plants, the extent and coverage of the canopy itself is also recorded.  This 
measurement should be used in lower elevation sites where less vegetation is 
more typical or where restoration practices are being evaluated to see how well 
regeneration of riparian vegetation is occurring.  

How: The basic object of canopy gap monitoring is to record the distances 
between live plants.  Only gaps that are 6 inches or more in length will be 
recorded.  All measurements are taken along the established transects in the river 
segment.  

Materials: Pin fl ags, tape measure in tenths of feet, fi eld sheet

How: 
Canopy:  Any live plant that intersects the transect, including lichen, moss, shrubs, 
trees, grasses, cacti or forbs.

Canopy Stop:  Any canopy that completely and continuously covers 1/2 inch of 
the transect edge.  As an example, a canopy stop may be created by a leaf that 
is wider than 1/2 inch, or a branch, or a shrub with thick foliage, or a wide clump 
of grass.  If the canopy is loosely spread across the transect edge, it will form a 
canopy stop if it can be compressed together to completely cover 1/2 inch of the 
transect.  One-half inch is slightly less than half of a tenth of a foot (0.05 feet).  
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Canopy Stop exampleCanopy Stop example

In the fi gure above, the fi rst Canopy Stop occurs at the 12.35 foot mark where the 
loose blades may be compressed to cover 1/2 inch of the transect line.  The plant 
at the 12.15 mark is not dense enough to cover 1/2 inch of the transect and does 
not constitute a Canopy Stop.

Canopy Gap:  Any distance equal to, or greater than 6 inches (0.5 feet) between 
any two Canopy Stops along the transect.

In the previous fi gure, the distance between Canopy Stop A and Canopy Stop B is 
greater than 6 inches (0.5 feet) and so constitutes a Canopy Gap.  The transect 



Taos Pueblo Stream Habitat Assessment Protocol - version 1.2 Page 24

mark on the right edge of Stop A should be recorded as the beginning point for this 
gap.  The transect mark on the left edge of Stop B should be recorded as the end 
point for this particular gap.  Note that litter on the ground does not constitute a 
gap stop.  The distance between Canopy Stop B and Canopy Stop C is too small to 
form a record-able gap.

3. Method details:

1. Begin at the “zero” end of the cross-section transect (always on the left 
as you face downstream), and stand on the right side of the tape, facing 
the far end of the line.

2. Look straight down to get a bird’s eye view of the canopy, soil and 
transect tape. 

3. Using a pin fl ag to mark the vertical line at the outer edge of each 
Canopy Stop, record the beginning and ending point of each Canopy Gap 
along the entire length of the transect.  Record to the nearest 1/2 inch 
(0.05 feet).

Example fi eld sheet.

From:From: To:To: From:From: To:To: From:From: To:To:
0.0 1.20
1.45 1.95
2.3 2.9

In the example fi eld sheet above, the fi rst gap begins at the zero mark and ends 
at the 1.20 foot mark.  The total length of this gap is 1.2 feet.  The second gap 
begins at the 1.45 foot mark and ends at the 1.95 foot mark.  This gap is 0.5 feet 
in length, which is exactly six inches.

Interpretation and analysis: The data needs to be compared to the same site 
or similar elevation and stream order sites over time to analyze trends and screen 
for problems.  Riparian areas in high elevation valleys should have canopy gaps of 
approximately 30% or less over the length of the transect to be considered in good 
condition with excellent conditions having less than a 5% gap (see the following 
table).  Lower elevation sites where broadleaf cottonwoods forests exist (Populus 
fremonti) often have a larger percentage of river bank uncovered by plants 
naturally.  Vegetation gaps of 60% or less should be considered good. 
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Suggested rating scale for high elevation, low order streams

Rating Excellent Good Fair Poor

Canopy gap evaluation 
in high elevation, low 
stream order areas

 95 % cover
70-94% 
cover

40-69% 
cover

<40% cover
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Field Forms

1) Taos Pueblo Stream Survey Background information
2) Cross-section form (includes canopy cover, bank angle, undisturbed buffer 

width data)
3) Field and results sheet (Pebble Count, Pool to Riffl e Ratio Sinuosity, 
     Stream Gradient, and Width to Depth Ratio, Stream fl ow)
4) Pebble count tally sheet + graph paper
5)  Canopy gap form



TAOS PUEBLO STREAM SURVEY BACKGROUND INFORMATION

Date:   Name of site:     Elevation of site: 

Name of team members:

General description of site (location in landscape, dominant vegetation types, land uses:

Draw a map using the back side if necessary.  The map should include: 

1. General meander pattern of stream and arrow indicating direction north

2. Location of transects

3. Location of large boulders, cliffs, trees in the river and riparian zone (any signifi cant landmarks)

4. Location of human structures such as roads, trails, rebar monuments, fences

5. Location of structures that alter hydrology such as culverts and islands

6. General assessment of land use such recreation sites, homes, river crossings. 

River corridor land uses: Place “D” for dominant and “X” if present - otherwise leave blank. Use blank spaces for 

land uses not listed. 

Roadless area Cropland Golf course Urban 

Wooded area 
w/ roads

Grazed 
pasture

Recreation area Commerical/
Industrial

Wooded 
Logging area

Ungrazed 
grassland

Scattered 
residential


