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Curriculum Introduction 

The wet areas next to rivers, called riparian areas, play a crucial role for wildlife. The presence 
of surface water and saturated groundwater tables nurture the growth of native trees, shrubs, 
and grasses that offer excellent wildlife habitat from nesting areas for birds, cover for animals 
to access water and food sources without being easily seen. Riparian vegetation provides in-
stream shade to promote healthy, light and temperature conditions for aquatic species, and 
creates habitat for threatened species of birds, fish, and other wildlife and plants.  While 
riparian areas comprise less than 1% of the land in New Mexico, they are extremely productive 
for wildlife habitat and other important benefits such as water quality, flood control, and 
improving water infiltration into aquifers.  Wetlands are extremely threatened areas with 52% 
of the original wetland areas lost through the later half of the 20th century (click here for more 
information).  

Getting your students engaged in studies of riparian areas helps create the next generation of 
caretakers for these critical zones of life for wildlife and people.  The activities in this curriculum 
provide you with a framework for hands-on science and community service by connecting what 
students learn with ways to educate other people in the community about why it is so 
important to protect and restore riparian areas.  Each investigation in the curriculum provides 
best practices for citizen science as it pertains to riparian assessments.  

Investigation 1, “Ecosystems,” outlines the broader background information needed to tackle 
the long-term monitoring of indicator species and animal Species of Greatest Conservation 
Need. Monitoring and research approaches are detailed in Investigation 2: “Remote and Visual 
Monitoring of Riparian Areas.” Investigation 3 outlines curricula for instructing students on how 
best to assess, study, quantify, and qualitatively describe the streams and rivers they are 
researching: this includes a broad overview of watershed concepts, as well as a deep dive into 
specific fisheries and riparian assessment protocols and resources. Investigation 4, “Turning 
Data Into Information,” addresses the final step in the full unit, which brings all the concepts 
and fieldwork together into a an analysis of data collected and, for some students, a contest-
style production of a final paper focused on a Species of Greatest Conservation Need of the 
student's choosing.   

Wildlife cameras and drones for specialized monitoring may not be available immediately to the 
instructor using this information, but those technologies are included for a more thorough 
accounting of the pedagogical approaches used over the course of this project.  The curriculum 
does not rely on live trapping of animals, which can be useful for wildlife students but generally 
requires permits from the New Mexico Department of Game and Fish and can be very time 
consuming for middle and high school classes.    

***Investigation 1 should be conducted in pre-classes held before students take field trips to 
conduct research on-site. 

https://nepis.epa.gov/Exe/ZyPDF.cgi/200053Q3.PDF?Dockey=200053Q3.PDF
https://nepis.epa.gov/Exe/ZyPDF.cgi/200053Q3.PDF?Dockey=200053Q3.PDF
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Investigation 1: 
 Ecosystems and Riparian Zones 
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Investigation 1.1: What is an ecosystem? What is biodiversity? Introduction to “riparian” as a concept 
(all content optional if students are already familiar with ecosystem ecology, and can be omitted so 
only riparian curriculum is used) 

Objective: Students will learn that an ecosystem involves different levels of organizations and make a 
flip book to show their understanding. Concepts like keystone species, flagship species, indicator 
species, and endangered species will be introduced to transition into studies on “Species of Greatest 
Conservation Need.” 

Pre-assessment to gauge students’ familiarity with subject matter before the first in-class session and 
again after all field studies and post-classes have been completed - can be found in Appendix 10. Pre 
and post assessments use the same form. 

Vocabulary: 
● Individual
● Population
● Community
● Ecosystem
● Riparian
● Biome
● Biodiversity
● Resilience
● Keystone species
● Flagship species
● Indicator species
● Endangered species
● Species of Greatest Conservation Need
● riparian
● producer
● consumer
● decomposer
● organisms
● energy
● food web

Time Estimate: 50 min 

Links to NGSS and CCSS: 
NGSS 

○ 5-LS2-1 Develop a model to describe the movement of matter among plants, animals,
decomposers, and the environment.

■ LS2.A
○ 5-LS.2.A Interdependent Relationships in Ecosystems
○ 5-LS.2.B Cycles of Matter and Energy Transfer in Ecosystems
○ 5-PS3-1 Use models to describe that energy in animals’ food (used for body repair,

growth, and motion and to main body warmth) was once energy from the sun.
■ PS3.D
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Point of Engagement: 

● The Hook: Have students draw and color an ecosystem that includes the sun, a producer, a
consumer, and a decomposer.

● Focus Question: What is an ecosystem?
● Connections to prior knowledge: Food web, food chains, biotic, abiotic

In an ecosystem, each organism has its own niche or role to play. Consider a small puddle at the back of 
your home. In it, you may find all sorts of living things, from microorganisms to insects and plants. These 
may depend on non-living things like water, sunlight, turbulence in the puddle, temperature, 
atmospheric pressure and even nutrients in the water for life. 

Energy flow activity: 

● Explain that the most important part of the food chain is the sun. Go over this simple food chain
with the students. "The sun's energy is used by the plant to PRODUCE its own food, that's why
the plant is a producer. Then it is eaten by the insect, who is CONSUMING it, that's why it's a
consumer. Then the insect is CONSUMED by the mouse, who is CONSUMED by the owl. The owl
may not be consumed by another animal, but when it dies, bacteria will break down its body to
join the soil again, where a new plant will grow to start a whole new food chain." Then point out
that the owl is still getting its energy from the sun, because he's getting his energy from the
mouse, who got it from an insect, who got it from the plant, who got it from the sun."

This very complex, wonderful 
interaction of living things 
and their environment, has 
been the foundations of 
energy flow and recycle of 
carbon and nitrogen. 

Any time a ‘stranger’ (a living 
thing or external factor such 
as rise in temperature) is 
introduced to an ecosystem, 
it can be negative to that 
ecosystem. This is because 
the new organism (or factor) 
can distort the natural 
balance of the interaction and 
potentially harm or destroy 
the ecosystem.  

Important species in ecosystems: 

● Flagship: species selected to act as an ambassador, icon or symbol for a defined habitat, issue,
campaign or environmental cause (a charismatic [cute] or popular animal like polar bears or
black bears).

Figure 1 
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● Keystone: species that plays an essential role in the structure, functioning or productivity of a 
habitat or ecosystem at a defined level (habitat, soil, seed dispersal, etc). What if dragonflies 
died out because of a dragonfly-specific virus? Mosquito populations would increase because 
dragonflies eat them. Frogs in some ecosystems mainly eat dragonflies, would lose their food 
source, and would start to die out too. 

● Indicator species: species or group of species chosen as an indicator of, or proxy for, the state of 
an ecosystem or of a certain process within that ecosystem. Certain species of aquatic insects 
indicate cleaner, colder, more oxygenated water (which we identify as better quality) 
For more information on the 3 definitions above click here.  

● Species of Greatest Conservation Need: those species which the New Mexico Department of 
Game and Fish (NMDGF) has designated as those which have the greatest need for conservation 
action, including in some cases further research.  For a list of these species click here.  Also to 
learn more about how NMGF is studying and working to protect Species of Greatest 
Conservation Need, click here to see the  State Wildlife Action Plan 2017.  
 

Riparian Ecosystems 
 

● More on riparian ecosystems will be studied in the next investigation! For now, let’s think about 
the importance of riparian habitats and wildlife to us, every day. 

● Remember that water is one of the five basic things all living things depend on (air, sun, water, 
soil, and chlorophyll in plants). A riparian zone is the land area right around a river or stream -- 
think of the way you notice willow trees or cottonwoods getting very thick right around a river. 
This is because the water from the river infiltrates into the surrounding soil and provides a small 
and important zone for plants to grow. A riparian zone is a specific ecosystem that provides the 
air, water, food and energy that organisms need to survive. (Picture source: NRCS: “Riparian 
Areas Environmental Uniqueness, Functions, and Values.”)  

 

Figure 2 

http://wwf.panda.org/our_work/wildlife/flagship_keystone_indicator_definition/
http://bison-m.org/documents/48800_SWAP2016_SpeciesofGreatestConservationNeedList.pdf
http://www.wildlife.state.nm.us/download/conservation/swap/New-Mexico-State-Wildlife-Action-Plan-SWAP-Final-2017.pdf
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● Healthy riparian zones mean healthy water for wildlife and people. Humans depend on healthy 
water for our survival and health. Healthy riparian zones can be important habitats for wildlife, 
which also depend on the plants and water in these zones. In New Mexico, what are a few of 
these animals? (Have students guess some animals which thrive in riparian zones). In New 
Mexico, at least 80 percent of all animals use riparian areas at some stage of their lives, and 
more than half of these species are considered to be riparian obligates (Chaney et al. 1990).  
 
Go through this list of species, which are examples of animals that need healthy riparian areas: 
 

○ Gila Trout  
○ Beaver 
○ Black Bear 
○ Western Red Bats 
○ North American River Otter 
○ Southwestern Willow Flycatcher 
○ Yellow-Billed Cuckoo 

 
Levels of organization in an ecosystem 
 
To understand the levels of belonging in an ecosystem, let us consider the diagram in Figure 3. 
 
Discuss: the concept of resilience. Remember the dragonflies from our “keystone species” discussion? 
What if a dragonfly only has a population of mosquitos to eat, and then humans spray chemicals and kill 
all the mosquitos? The dragonflies may die out due to the lack of food. For an ecosystem to “bounce 
back” from a disturbance (like the eradication of an entire population of mosquitos), a healthy 
ecosystem would have more biodiversity - more species of insects that the dragonfly could eat, so it has 
more options and will continue to survive even in the face of a disturbance to the ecosystem. 

Figure 3 
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Investigation 1.2: Riparian Ecosystems and Species of Greatest Conservation Need 
 
Objective: Students will learn about riparian ecosystem functions and be able to describe the 
importance of riparian zone health for the quality of water and health of the surrounding land. 
 
Time Estimate: 30 minutes 

● To be covered prior to field visits by students 
 

Materials: 
● White board or posterboard to draw out concepts 
● Pre-assessment (if not already given) to gauge students’ familiarity with subject matter before 

and after classes and field studies - can be found in Appendix 9. Pre and post assessments use 
the same form.  

 
Vocabulary: 
● Deciduous 
● Nutrients 
● Coniferous 
● Microclimates 
● Riparian Zone 
● Water Quality 
● Invertebrate/Macroinvertebrate 

 
Point of Engagement: 
 

● The Hook:  Ask the students what is the most important thing to measure to gauge riparian 
health? 

● Focus Question: Why are riparian zones important? 
● Connection to Prior Knowledge: ecosystems, biomes, energy cycles 

 
Teaching phase: How will the instructor present the concept or skill to students? (Source: 
https://smile.oregonstate.edu/sites/smile.oregonstate.edu/files/l1_intro_to_riparian.pdf) 
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What is a riparian zone? (draw zone on whiteboard) - A specific ecosystem that is the interface between 
land and a river or stream 

 
● What is the common life cycle of aquatic insects? 

 
○ Eggs hatch in water, larvae grow on the bottoms of streams (or lakes/ponds), larvae (or 

sometimes pupae) emerge from water and transform into adults, adults mate, females 
deposit eggs back in water 
 

● What are some aquatic insects that emerge from streams? (draw Mayfly, Stonefly, Caddisfly on 
board: these species represent EPT [Ephemeroptera, or mayfly; plecoptera, or stonefly, and 
tricoptera, or caddisfly] taxa – the three taxa which, if found in large numbers, indicate good 
water quality) 
 

○ Dragonflies, mosquitos, damselflies, mayflies, caddisflies, stoneflies, craneflies, and 
midges 

○ Mayflies, stoneflies, and caddisflies indicate that the water is cold, clear, full of oxygen -- 
overall the qualities which indicate to us that the water is healthy. We use the “EPT 
index” or the number of those three insects compared to the rest of the insects we find 
as a measure of water quality at a given sampling site. 
 

● How do forests feed stream food webs? 
 

○ Forests shed leaves and other plant material, which feed aquatic organisms, especially 
invertebrates (shredders and collectors); forest insects fall into streams and are eaten 
by aquatic organisms, especially fish. 
 

● How do streams feed forest food webs? 
 

○ Stream insects emerge and are eaten by spiders, birds, bats, lizards, and other predators 
(e.g., frogs, snakes) 

Figure 4: Riparian zone diagram. Source: Salt Lake County 



 
                                        10  

 
Share with Wildlife 

○ Stream fish are eaten by birds (herons, kingfishers, ospreys, eagles), bears, snakes, and 
other predators 
 

● What makes the riparian area so important to the animals who live there? 
 

○ It provides their necessary food, water, cover, shelter, and space to live and reproduce 
 

● Discuss: what types of animals do you want to study for your Species of Greatest Conservation 
Need report, and what impacts would they have on the riparian zone, or what impacts would 
the riparian zone have on them? (write examples on board) 
 

○ Examples: 
■ Southwestern Willow Flycatcher, a vulnerable species and federally listed as 

endangered, relies on dense groves of willows in riparian zones. People are not allowed 
to cut down willows in certain areas because they are an important habitat for the 
endangered flycatcher. 

■ Boreal Toad, a species in decline, reproduce by laying eggs in slow streams and ponds.  
Two reasons for their decline are degradation of their habitat and the spread of chytrid 
fungus, a parasitic disease that causes the skin of infected toads to become thick and 
unable to absorb water and electrolytes.  

■ The American Beaver, while not listed as a Species of Greatest Conservation Need, is a 
keystone species that can create habitat for species that are vulnerable or endangered, 
such as the New Mexico Jumping Mouse.   

For a comprehensive list of Species of Greatest Conservation Need in New Mexico and their 
conservation status, click on this link 
 

● Discuss the various functions of a riparian zone with students 
○ Forms a bridge between the river and upland habitats 
○ Trees and other riparian zone vegetation provide an input of energy and nutrients to the river, and 

in turn the river provides an input of water, energy, and nutrients to the riparian zone trees and 
vegetation 

○ Increases water quality (shade, plants, trees, and soil provide filtration and slow down erosion, etc.) 
○ Provides lots of water, high moisture levels, and rich, deep, and complex soils 
○ Provides microclimates (warmer in winter, cooler in summer than surrounding habitats) 
○ Provides a variety of plants and trees: often deciduous trees and shrubs such as willow, 

cottonwood, and alder that provide fruits, nuts & vegetation for herbivores, which in turn, provide 
food for predators 

○ Provides more layers and cover for wildlife such as newts, frogs, salamanders, and birds 
○ Safer nesting areas & more insects than conifer forests so lots of invertebrates for birds to feed on, 

especially good during nesting time 
○ Safe traveling corridors for bird migration 

 
● What to measure about water quality? Very brief introduction: 

○ Temperature 
○ pH 
○ Nutrients 
○ Turbidity 

○ Dissolved oxygen 
○ Total dissolved solids 
○ Streamflow 
○ Benthic macroinvertebrates 

http://bison-m.org/documents/48800_SWAP2016_SpeciesofGreatestConservationNeedList.pdf
http://bison-m.org/documents/48800_SWAP2016_SpeciesofGreatestConservationNeedList.pdf


 
Investigation 1.3: Data to Information Overview (revisit after field visits have been completed and 
data has been gathered, use in Investigation 4 with students) 
 
Overview: Students and teachers will be given guidelines for recording and storing field data, learn 
about data analysis tools and descriptive statistics, and be given an overview of the data to action 
process. 
 
Time Estimate: 30 minutes 
 
Materials: Whiteboard or chalkboard (or SmartBoard) 
 
Investigation: We spend lots of time in the field taking measurements of water quality parameters. Now 
that we have a bunch of sheets of paper with numbers all over them, what do we do with them? 
 
Write on board: Overview of the Data to Action Process 
 

1. Write: Monitoring 
 

a. Discuss: choosing a study site and having some questions you’d like to answer in mind, 
equipment maintenance and calibration, monitor training, planning a sampling 
schedule, and getting the data back home safely. This is not only data you write down 
and measure with water quality, but your GPS points and photos, Picture Post time-
series pictures, wildlife cam footage, drone footage, and more. You are monitoring and 
studying a Species of Greatest Conservation Need, so there may be many forms of data 
you can collect and interpret which pertains to your species. 

b. Ask: what types of long-term data might help us study a Species of Greatest 
Conservation Need? (nests, presence of babies, presence of prints over the seasons) 

i. Emphasize that, while students are in the field, they should not harass nesting 
birds or babies, given the risk of abandonment of baby birds by mothers if 
humans interfere with nests. The Migratory Bird Treaty Act prohibits 
harassment of or destruction of bird nests. 
 

2. Write: Data Management 
 

a. Discuss: This is the process of transferring your data from field and lab sheets to a 
reliable (computerized) filing system. 

b. The two most important objectives to this stage are to ensure that data aren’t lost 
through lapses in handling, and to check and even re-check the accuracy of the values 
entered into Excel from your data sheets. These steps are called quality 
assurance/quality control (QA/QC) actions, which are very important for many people 
who might use your data and who are concerned that your data have been collected 
and entered accurately. It’s easy to transpose or mis-enter numbers, and it’s fairly 
common in science to find that an exciting new discovery was simply a typo! This 
happens to scientists at all levels of learning and in all fields of knowledge, so be 
prepared. 
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3. Write: Data Summarizing and Interpreting 
 

a. Discuss: Now that your data is reliably entered and saved in Excel, the exciting part 
begins. It is fairly straightforward to calculate yearly averages, perform simple statistics, 
and build tables and charts in Excel for all your data types. This is all considered “data 
summarization”.  
 
Once your data is in a summarized form, you can begin to actually interpret your data to 
learn what it means. Data take on real-life significance as you compare your results with 
water quality standards, “normal values”, or other sites and studies across New Mexico. 
You will be able to learn which parameters in your stream are what you would expect 
and which are out of the ordinary.  
 
The second part of interpretation is to summarize your findings and to begin to ask the 
questions “what do the data tell us and why are things as they are?” If you find that 
there are important water quality issues in your stream, you can then begin 
investigating to find out the source of the problem. Once you know the source of the 
problem, you can begin to come up with recommendations to address the problem and 
take your information to the community at large. 
 

4. Write: Data Presentation 
 

a. Discuss: Now that you have analyzed and interpreted your data, you are ready to 
present your data, your message, and your recommendations. You should decide at this 
stage who your audiences will be and begin to “tailor” your message accordingly. For 
example, you might end up sharing a much different presentation with a school group 
than you would with a soil conservation association. 
 

5. Write: Taking Action 
 

a. Share with Wildlife Report – details about the research competition in Appendix 8. 
 

6. Write on board: Examples of descriptive statistics you might use when studying the species of 
greatest conservation need: Descriptive statistics are simple tools for describing a volume of 
data with just a few numbers 
 

a. Average or mean 
b. Median 
c. Range (minimum and maximum) 
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Investigation 1.4: Invasive Species (optional) 
  

Time Estimate: 1 hour 
 
Materials: 
New Mexican Invaders Article  Santa Fe New Mexican, February 28, 2018 
Invasive Alien Species - Convention on Biological Diversity (CBD) 

  
Links to NGSS and CCSS: 

● NGSS- 5-LS2.A 
● ELA- RI.5.3, W.5.2 
 

Point of Engagement: 
 

● The Hook: Invasive Species: The Basics Video YouTube: Michigan Department of Environmental 
Quality 

● Lionfish Video YouTube: PBS NewsHour 
● After the video, hand out the blank map and colored pencils and have the students identify the 

regions where lionfish come from and where they are now “invading.” Focus on the idea that 
the lionfish is naturally found in South East Asia and India and is now found off the coast of 

Texas, in the Gulf of Mexico and the Caribbean. 
● Ethics alert: Do you think invasive species should be protected/transferred or eradicated? 

Explain. 
● Focus Question: How do invasive species affect an ecosystem? 
● Connections to prior knowledge: What is an ecosystem? 
  

Vocabulary: 
 

● Ecosystem 
● Biodiversity 
● Invasive 
● Native 
● Native species 
● Organisms 
● Relocate                   
  

Investigation: 
 

● Explore the reasons people relocate species. 
● Ask students to brainstorm a list of reasons people relocate species. Prompt students to include 

a variety of reasons, such as: 
●     Accidentally moving them; for example, through transportation or trade, or by moving firewood 

from one location to another 
●     Purposely introducing them to help control a native species that is considered a pest; for 

example, to control pests that destroy crops 
●     Importing ornamental plants to buy or sell 
●     Importing animals as pets 

http://www.santafenewmexican.com/news/local_news/invaders-get-ax-to-help-local-wetlands/article_adce0e1e-129e-5161-bd1d-b7ba53c877f9.html
https://www.cbd.int/doc/bioday/2009/idb-2009-childrens-booklet-en.pdf
https://www.cbd.int/doc/bioday/2009/idb-2009-childrens-booklet-en.pdf
https://www.youtube.com/watch?v=yIgysZ5Hho8
https://www.youtube.com/watch?v=yIgysZ5Hho8
https://www.youtube.com/watch?v=44GaC-YsAtQ
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Discuss examples of invasive animal species in the United States. Provide students with the following 
examples of invasive animal species in the United States: 
 

● Burmese Pythons: These snakes are imported into the United States as pets. In the Florida 
Everglades, released or escaped pythons have established themselves in the wild. 

● American Bullfrog: Predation by bullfrogs has contributed to the decline of native leopard frogs 
and garter snakes, including the Mexican Garter Snake and Chiricahua Leopard Frog. Bullfrogs 
also carry a fungal disease that is killing frogs and toads around the globe. 
(https://www.fs.usda.gov/detail/r3/forest-
grasslandhealth/invasivespecies/?cid=stelprd3820356) 

● Zebra Mussel: This mussel attaches itself to boats and has spread because of boats moving 
between different bodies of water. 

 
Discuss examples of other invasive species in the United States. Provide students with the following 
examples of invasive plant species in the United States: 
 

● Canada Thistle: This plant is a plant that invades ponds and riparian areas that has creeping 
perennial roots and prolific seeds.  It requires hand removal, mowing or herbicides to remove, 
but the best way to prevent it is to maintain a healthy native plant community to prevent it from 
becoming established.   

● Russian Olive: Russian olive is considered to be an invasive species in many places in the U.S. It 
thrives on poor soil, has low seedling mortality rates, matures in a few years, and out-competes 
native wild vegetation. The plant often invades riparian (water-loving) habitats where over-story 
cottonwoods have died. (https://taosnews.com/stories/russian-olive-tree-born-to-
spread,34450) 

● Yellow Starthistle: This plant was introduced into agricultural fields in California and is now 
found in almost all 48 contiguous United States. 

 
  

Data Analysis/Evaluation: 
 

● Meaning making- Students will share their information on a class Google Slides and will present 
to their classmates. 

● Claims, evidence, and reasoning- Students will answer the Focus Question. 
 
  

https://www.fs.fed.us/wildflowers/kids/activities/documents/nnisR9/DoSomething.pdf
https://www.fs.fed.us/wildflowers/kids/activities/documents/nnisR9/DoSomething.pdf
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Investigation 1.5: What is a watershed? 
 
Objective: Define a watershed and explain the effect on water quality from land health in a watershed. 
 
Time Estimate: 40 minutes 

  
Materials: Tarp, poster paper, markers, spray bottle 

- Watershed graphic example (Appendix 1) 
  

Links to NGSS and CCSS: 
 

● NGSS ESS2.A ESS2.C (ESS2-1, ESS2-2, ESS3-1); 3-5 ETS 1.A; 3-5 ETS 1.B 
● ELA ELA-RI 5.3; ELA-RI 5.4; ELA-RI 5.7; ELA-SL 5.1 
● Math 5.MD.A.1; Math 5.MD.C.3; Math 5.MD.C.5 

 
Point of Engagement: 
 

● The Hook: What does a bird see when it flies over mountains? 
● Focus Question: What is a watershed? How is water quality related to a watershed? 
● Connections to prior knowledge: The water cycle, ecosystems 

 
Vocab/Concepts:  

● Watershed 
● Runoff 
● Reservoir 
● Dam 
● Tributary 

● Headwaters 
● Diversion 
● Water Treatment Plants 
● Water table 
● Ecology 

  
Investigation: 

● Data Collection: 
○ On board, teacher draws watershed concept map and explains the concept of a watershed as a 

“basin:” the area of land which drains water that falls upon its surface to a common low point. 
Explain why fires, pollution, etc. happening all over the watershed could impact water quality. 

○ Define/review: headwaters, tributaries, dam, reservoir 
○ Talk about definition of “watershed” 
○ Spread out blue tarp and have students grab onto sides and elevate blue tarp a couple of feet 

above the ground. If not outside, use backpacks and stretch tarp over a stack of backpacks to 
simulate a mountain and surrounding lowlands. Describe that looking down at the tarp 
represents a bird’s eye view of a landscape, there are mountains and valleys.  Then pass the 
spray bottle around and students take turns spraying the tarp with water and talk about where 
the water collects. Describe that all the water collects in a river and the land that contributes all 
of the runoff is a watershed. 
 

● Data Analysis/Evaluation: 
 

○ Student-drawn map of watershed, collective student involvement in creating watershed 
from tarp.  Students will answer the focus question on a piece of paper. 
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Investigation 2:   
Remote and Visual Monitoring of Healthy Riparian Areas  
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Investigation 2.1: Monitoring biological ecosystem indicators 
 
Time Estimate: This field research will extend over the course of the school year, incorporating several 
of the previous investigations (1.1, 1.2, 1.3). Long-term monitoring of riparian areas include use of 
wildlife cameras, Picture Posts, and GPS datapoint recording of photopoints. Youth will develop 
stewardship ethics and knowledge about riparian areas through multiple field experiences involving 
hands-on data collection, research on Species of Greatest Conservation Need (SGCN), and sharing of 
their findings in public presentations, as well as reporting on specific SGCN shared with the public on the 
internet.    
 
Materials: 
 

● Wildlife camera (Make and model: Blaze Video 16mp 1080P Trail Game camera is one example) 
● Picture Post (for repeat visits to a site for photo taking purposes) 
● GPS 
● Camera 
● Drone (not required by helpful for studying vegetation and wildlife habitat in riparian zones) 

 
Links to NGSS: 

● NGSS- 5-LS2.A 
● ELA- RI.5.3, W.5.2 

 
Point of Engagement: 
 

● The Hook: What can you find out about animals with wildlife cameras? How do landscapes 
change through the seasons? 

● Focus Questions: How do your local waterways and lands affect the health, viability, 
populations, and sustainability of Species of Greatest Conservation Need? 

● Connections to prior knowledge: Understanding of the definition of “Species of Greatest 
Conservation Need.” Understanding of the connectivity of ecosystems, trophic levels, food 
webs, factors that might limit species’ abilities to thrive, including habitat degradation or 
invasive species. 

 
Vocabulary: 
 

● Overgrazing 
● Habitat degradation 
● Habitat fragmentation 
● Dewatering 
● Species of Greatest Conservation Need 

 
Investigation: 
 
Establishing wildlife cameras: Assist students in gaining access to photos from wildlife cameras.  This 
may include installing a game/wildlife camera in the riparian zone, or the vegetated zone around a river. 
It's best to use an existing tree to mount the camera – rather than installing a post which may require 
archaeological compliance paperwork– where possible. The camera will operate with a motion sensor 
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and will take photos and videos whenever the presence of wildlife is detected. This protocol is especially 
useful when the animals being studied are crepuscular, or hunt/are most active at dusk and dawn or are 
nocturnal and only hunt at night. 
 
Monitor riparian zones with repeat photography, including potential use of Picture Posts: Help students 
take repeat photos of riparian areas.  A simple way to repeat photographs is to use a GPS unit and a 
compass.  A more easy-to-repeat method involves installing a Picture Post which can be mounted on an 
existing fence post or on a newly installed post.  Please note that when a project is funded from the 
NM Game and Fish, archaeological compliance is required which may involve having an archaeologist 
to survey the site first and getting a written approval prior to installing a post.  If compliance 
paperwork is required and too prohibitive, please use a GPS, compass and camera.  
 
To install a Picture Post, use a post-hole digger to firmly position a cedar post with an eight-sided plastic 
(River Source may provide these) or wooden implement on top, to help students and other monitors 
photograph identical an octagon, 360-degree photopoints every time the post is used (below). The 
octagon on the top of the post ensures that photos are taken facing the same directions each time.  

Picture Post photos are dated, geotagged, uploaded, and shared on the Picture Post website. Picture 
Post is a part of the Digital Earth Watch (DEW) network. Click here to go the Picture post website.   
 
To set up a Picture Post have this information handy: 
 

● The latitude and longitude of your post (you can get these from a GPS reading at the top of the 
post when you install the post). 

● Convert the GPS readings to decimal degrees. 
● Tip: In the USA and Canada, latitude will to the North, that is, between 0.0 and 90.0 degrees. 

Longitude will be to the West, that is between -180.0 and 0.0 (Note that longitudes in the 
Western Hemisphere are negative). 

● The date that you installed your post. 
● A photograph of your post. 
● A set of 9 reference photographs (you can take these photographs when you install the post). 
● A name for your post (you may include this in your post signage). 
● A brief description of your post (include this in your post signage). 
● The time zone that your post is in.  

Picture Post monitoring should be completed at least once a month to accurately and with high 
resolution track habitat, riparian, and land health change over seasons. 

Figure 5 

https://picturepost.unh.edu/index.jsp
http://www.roundaboutpublications.com/gpscalc.htm
http://www.roundaboutpublications.com/gpscalc.htm
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GPS and photo monitoring: On field visits, students should work in pairs. One student will operate a GPS 
to mark datapoints that can later be uploaded to Google Earth, a free program, to show up as a series of 
points on a map. The other student will operate a camera or phone camera and a compass, taking 
photos and noting on a field sheet the directions of the compass for each photo at the specific GPS 
location.  Please see Appendix 11 for a useful Photopoint Recording Sheet for documenting the location 
and information about each photo in the field.   

Students, as they explore and analyze the riparian area, should take photos and GPS points whenever 
they see wildlife and wildlife signs, presence of habitat, or impacts to wildlife habitat. Examples include 
beaver-felled trees, mud impacted by beaver dam construction, nests, evidence on trees of elk/deer 
rubbing, scat, prints, etc. 

Data Analysis/Evaluation: 
 

● Meaning making- Answer to Focus Question 
● Wrap-Up 
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Investigation 3:  
Riparian Assessment Activities  

In the Field 
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Investigation 3.1: Riparian Survey 
 
Time Estimate: One survey with a group of students can serve as a station taking about 35-45 minutes 
(as described in investigation 3.2) 
 
Materials: 
 

● Riparian survey field form (Appendix 2) 
● 2 tape measures up to 100 feet 
● GPS 
● Pebble size ruler 
● Pebble size data sheet 

 
Links to NGSS and CCSS: 
 
MS-LS2-2 and HS-LS2-6 – Interdependent Relationships in Ecosystems  
 
Point of Engagement: 
 

● The Hook: At a first glance, do you think this riparian area is healthy? 
● Focus Questions: How can we assign a quantitative value to a list of riparian health indicators? 
● Connections to prior knowledge: Riparian zones, the importance of trees and vegetation as 

habitat, and water quality 
 
Vocabulary: 
 

● Structural diversity 
● Forbs 
● Height class 
● Erosion 
● Bank stability 
● Embeddedness 
● Canopy 
● Streambed 
● Width to depth ratio 
● Abundance 
● Diversity 
  

Investigation: 
 
One of the first things people notice about riparian areas is that they generally have a greater variety of 
types and sizes of vegetation and in greater abundance than in the adjacent uplands. For example, the 
variety of height classes offers diverse habitat for wildlife due to large number of vertical layers. Riparian 
areas in semiarid and arid regions produce far more edges within a small area than in adjacent lands. 
Look at the difference in variety of geometry (edges) of a degraded versus recovered riparian area. 
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Riparian plants can also provide shade on the river and its banks. This effect can have benefits for 
wildlife and humans. The shade of the riparian tree canopy protects the water from the sun and cools 
the water, which in turn will increase oxygen in the water. A healthy riparian tree canopy keeps water at 
temperatures that can sustain many organisms that have low ranges of tolerance for temperature and 
dissolved oxygen. The thermal protection of riparian plants also benefits people and animals who want 
to cool down during hot days. Riparian areas provide migration routes and corridors between habitats 
for many animals by offering food, water, and cover while animals move through the landscape. The 
river corridor can offer a pathway from the mountains to the plains. Animals can pass along this route 
and still be near water and cover while they move between summer, fall/spring, and winter ranges. A 
great abundance of riparian plants form a filtering mechanism for sediment and nutrients before they 
reach the stream. Studies suggest that riparian vegetation is effective in taking up pollutants such as 
sediment, organic materials, and trace metals (Schuler, 1987). The reduction of sediment in the stream 
benefits the benthic macroinvertebrate communities and people. Healthy vegetated banks act as 
natural sponges by maintaining the soil structure, allowing increased infiltration of water, and reducing 
bank erosion and overbank flooding, by reducing overland flow. 
 
Methodology of the Riparian Survey: Riparian “health” is defined here as a set of environmental 
conditions that result in the long-term sustainability of the riparian habitat. The quality of the riparian 
habitat refers to how well it supplies the physical, chemical, and biological needs of the organisms living 
there. Riparian ecosystem structure and function are impacted by both abiotic and biotic forces, and this 
method focuses on 12 indicators of the health of these forces, ranging from vegetation cover to 
streambed geology. The method applies the 12 criteria to numerically evaluate riparian habitat using 
geomorphological and biological parameters. Each criterion is semi-quantitatively evaluated on a scale 
of 1 to 4, with 4 the healthiest and 1 the least healthy. This approach is based upon systematic sampling 
by the authors in numerous watersheds in New Mexico. 
 
How to use the rating scale: The rating system uses values from 1 – 4. A value of 1 equals the poorest 
and 4 equals the optimal condition. This rating system transforms quantitative and qualitative 
measurements into ratings that are numerical but essentially qualitative (ie., a 4 equals optimal while a 
1 equals a poor rating). Do your best in measuring the parameters and giving the observations a rating. 
You can substantiate how you rated the measurements by taking field notes. Consistent rating is more 
important than precise rating. 
 
Riparian survey: The following parameters will be assessed and quantified: 
 
12 riparian survey parameters (each will have a number assigned to it: 1 [poor], 2 [fair], 3 [sub-optimal] 
or 4 [optimal] - these values may have one decimal 
 

1. Riparian vegetation and structural diversity: Wildlife, especially birds, find nesting areas, food 
sources, and perching sites from plants that grow at different heights. Areas with plants that 
have a greater number of height classes will provide the best type of wildlife habitat. 

 
1: 1 height class, sparse vegetation (poor) 
2: 1 height class, grass/forbs 
3: 2 height classes mostly trees 
4: > 3 height classes grass/shrub/tree/forb 
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2. Lower Bank Stability: This parameter measures the erosion condition or potential for soil on 
stream banks to wash into the stream channel. Steep banks, especially if unvegetated, are more 
likely to contribute sediment to the stream and cause embeddedness (refers to the extent to 
which rocks gravel, cobble, and boulders are covered, or sunken into the silt, sand, or mud of 
the stream bottom). Bank stability is considered excellent if less than 5% of the banks are 
vertical and unvegetated, while more than 40% of bank area in an unstable and eroding 
condition is rated poor (Barbour and Stribling 1991). Streams with unstable banks often have 
degraded in-stream habitat for fish and aquatic insects (Plafkin et al. 1989). The steeper the 
bank, the greater the likelihood for erosion and loss of soil into the stream because steep banks 
are less likely to hold vegetation cover (Ball 1982). The evaluator looks upstream and 
downstream from the reach to estimate the percentage of visible bank length that is not 
vegetated and actively eroding. Estimates from both banks are averaged for a final score. 

 
1: unstable/eroding 
2: unstable, some erosion 
3: some erosion 
4: stable, no erosion 

 
3. Vegetation Abundance/cover: Plants growing on stream banks are critical to holding soil in place 

and reducing the movement of sediment, nutrients, and other potential pollutants into the 
stream channel (Platts et al. 1983, Barbour and Stribling 1991). A healthy vegetation cover takes 
up excess nutrients that could lead to excess algal growth (eutrophication), provides shading to 
reduce water temperatures, controls streambank scouring, and reduces impacts from grazing 
and recreational activities (Fleming 1998). Native vegetation species are considered healthier 
than exotic species, although this is not accounted for in this evaluation (Platts et al 1983). 
Vegetation cover on the bank, expressed as a percent, is estimated by randomly choosing a 
transect direction to walk and noting at every other step whether there is vegetation cover or 
bare soil. Ninety-five percent vegetation cover is considered an adequate cover for erosion 
control, while less than 25% is considered poor (Brooks et al. 1996, Fleming 1998). Scores from 
both banks are averaged. 
 
To measure this parameter, stand in the middle of the upper bank area and toss a pencil 
randomly. Determine the direction where the point of the pencil is aimed. Walk a line in that 
direction and observe if the ground is covered with live vegetation at each place where the tip 
of your foot lands on the ground. When the tip of your foot lands on dirt and the square inch 
nearest your big toes is mostly dirt, count that point as dirt. If the tip of your foot lands on 
vegetation, count that point as vegetation. Measure the cover in at least 10 steps. Divide the 
number steps in which the ground was covered by the total number of steps you measured to 
calculate a percentage that the soil is covered with vegetation. Compare the percentage to the 
form for a rating. 

 
1: Plant cover is less than 25% 
2: Plant cover is 25-49% 
3: Plant cover is 50 - 74% 
4: Plant cover is >75% 
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4. Vegetation Buffer Width meters (feet): Vegetated buffer strips are effective in filtering 
pollutants such as sediment and nutrients from water before it reaches a stream, and several 
authors consider 60 feet of buffer width to be sufficient for many riparian areas (Schueler 1987). 
Other guidelines from the Natural Resources Conservation Service (1995) recommend a 3-zone 
riparian buffer system of trees, shrubs, and herbaceous vegetation at least 70 feet wide. Where 
riparian areas have very steep slopes and/or heavily fertilized agricultural runoff, a buffer of 
more than 60 feet may be necessary. This parameter rates the riparian buffer zone on both 
sides of the stream, measuring the distance (ideally at several points along the stream) to the 
nearest disruption (road, housing development, row crop, etc). The assessor must measure the 
width on both sides of the stream, then use the width on the narrower side to determine the 
rating – a distance of 20 feet or less is given a “poor” rating. This parameter rates the entire 
riparian buffer width on the side of the stream nearest to human disruption (highway, building 
structure, agricultural impact such as grazing or farming, or golf course). The transition zone 
from riparian to upland vegetation, as long as no human disruption interferes with the buffer, 
can be counted as buffer. 

 
1: < 6 m (20) ----------->) 
2: 6 -12 m (20-40) ----------> 
3: 12 -18 m (40 - 60) -----------> 
4: >18 m (60 ft) on least Buffered side---> 

 
5. Vegetation Diversity: Vegetative diversity is evaluated by determining whether at least 20 

different species occur in the riparian zone along the course of a minimum 100-foot reach, and 
within the riparian zone, which is scored as optimum (less than 6 species is considered poor). 
The concept of species evenness, or relative density of each plant species in the riparian zone, is 
not considered here, but could be included in future method refinements. 

 
1: 0-5 plant species 
2: 5-14 plant species 
3: 15-19 plant species 
4: > 20 plant species 

 
6. Embeddedness: This parameter rates how much of the surface area of the larger rocks in the 

stream are surrounded by fine sediment (Platts et.al., 1983) to evaluate habitat for benthic 
insects, fish spawning, and egg incubation (Barbour et.al.). Benthic insects, the main food source 
for fish, make their homes on such rocks. Sediment, silt, or very fine clay can bury the rocks and 
reduce habitat for the bugs and, as a result, decrease the food sources for fish. Higher levels of 
embeddedness generally eliminate niches for benthic insects and correlate with lower biotic 
productivity. The degree of embeddedness may vary in the sample depending on whether a 
riffle, run, or pool is being rated. Emphasis should be placed on evaluating riffle (shallower and 
faster water, over rocks that create bubbles) and run areas (running water with rocks not 
creating bubbles in water) where biotic diversity of the insects will generally be the greatest. 
 
To measure this parameter, pick up cobbles (rocks) and turn over small boulders to approximate 
the percent that the object has been surrounded by fine particles or sediment. Often the rocks 
have a discoloration on their sides which shows the line that separates the exposed and covered 
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parts of the rock. Measure this parameter on at least 10 rocks and use the average percent for 
the rating. For larger, wider, and faster rivers this parameter is not used. 

 
1: >75% 
2: 50 - 75% 
3: 25 - 50% 
4: substrate surrounded by <25% fine sediment 

 
7. Flow m3/sec (cfs) COLD -> -----------------------WARM -> (use results from upcoming investigation 

3.2): The water flow parameter is measured only for high gradient streams and is calibrated 
specifically to measure the stream’s capacity to support fish and benthic macroinvertebrates. 
Coldwater streams tend to be mountainous, smaller streams and warm water streams tend to 
be larger, downstream water bodies with more sun exposure. 
                        COLD  WATER   -------------------------------------------------  WARM WATER  

1: <0.01 m3/sec (0.5 cfs)                -------------------  <0.03 m3/sec (0.1 cfs)              
2: 0.01 - 0.03 m3/sec (0.5 – 1 cfs) -------------------- 0.03 - 0.05 m3/sec (1-2 cfs) 
3: 0.03 - 0.05 m3/sec (1-2 cfs)       -------------------  0.05 - 0.15 m3/sec (2-5 cfs) 
4: > 0.05 m3/sec (2 cfs)                   ------------------   0.15 m3/sec (5 cfs) 

 
8. Canopy shading the water: Shading provided by a vegetative canopy cover is important in 

reducing summer water temperatures and as a mediating factor in the solar energy available for 
photosynthetic activity and 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 filtered light. 
The evaluator estimates the percentage of sun and shade by looking upstream and downstream 
from the middle of the stream reach. 

 
1: no shade, complete sun 
2: nearly complete sun or shade 
3: sparse canopy, filtered light 
4: mixed sun and shade 

 
9. Benthic insects (use results from upcoming investigation 3.2): These insects are an extremely 

important part of river ecosystems. Many benthic insects are sensitive to physical and chemical 
changes in their habitat, many live in the water over a year, and they cannot easily escape 
pollution as some fish can. In addition, they are easy to collect in many streams and rivers. 

 
1: mainly midges & other, no stoneflies, no caddisflies, no mayflies 
2: mainly midges, mayflies, or caddisflies 
3: mayflies & caddisflies (dominant) 
4: mayflies, stoneflies, caddisflies (dominant) 

 
10. Width to depth ratio of bankfull width: The ratio of bankfull channel width (the width at the top 

of the bank determined by its extent when full of water, usually once in two years) to depth is 
optimal for fish and aquatic insect habitat if less than 7:1 (Rosgen 1994). A very wide and 
shallow stream with a width/depth ratio of more than 25:1 is considered poor habitat for fish 
and the macroinvertebrate food supply they depend on (Gibson 1994; Ball 1982). A tape 
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measure and meter stick are used to measure the width and depth of the channel.  See figure 4 
for the concept of the bankfull width.  A measuring tape is drawn between the bankfull locations 
at both sides of the stream and this width is divided the maximum depth of the channel 
measured from the tape down to the deepest part of the channel.    

 
1: ratio > 25 peak not contained 
2: ratio = 15 - 25 over bank flow 
3: ratio = 8 -15 
4: ratio <7 

 
11. Pools & riffles: Undisturbed streams typically have alternating pool and riffle areas, which tend 

to support the highest species diversity and food sources for fish. A riffle is a shallow landform in 
a flowing channel, and it has specific topographic, sedimentary, and hydraulic indicators. These 
are almost always assessed at a very low discharge compared to the flow that fills the channel 
(approximately 10–20%), and as a result the water moving over a riffle appears shallow and fast, 
with a wavy, disturbed water surface. Fish wait for benthic insects to float by at the head of a 
pool or at the tail of a riffle. If the ratio of distance between riffles to stream width is between 
5:1 and 7:1, heterogeneity for aquatic insects and fish is optimal, while a ratio of more than 25:1 
is considered a poor habitat (Frissell et al. 1986). Since benthic communities thrive as a result of 
integrated environmental factors (substrate, food availability, current, etc.), and species have 
preferences for varying substrate types, it follows that maximum variability in streambed 
morphology should support higher species diversity (Barbour and Stribling 1991). Riffles are 
places that support high-quality habitat and a diverse fauna of aquatic insects and fish. 
Upstream land use activities in the watershed can profoundly change pool/riffle relationships, as 
can human-caused changes in frequency of flood and low-flow discharge events (Frissell et al. 
1986). The evaluator uses a tape to measure the average distance between riffles and the width 
of the bankfull channel. For high gradient streams, calculate the ratio by dividing the average 
distance between riffles by the average stream width. Measure the average distance between 
riffles for a distance of approximately 150 to 300 feet along the stream channel. For low 
gradient streams, calculate the ratio by dividing the average distance between river bends by 
the average river width. You may want to determine this ratio on a map rather than in the field 
if your river is large and the distance between bends is great. If a stream contains riffles and 
bends, the dominant feature with the best habitat should be used (Barbour and Stribling). 

 
1: ratio > 25 a straight stream or one with low habitat variety 
2: ratio = 15 - 25 
3: ratio = 7 - 15 
4: ratio = 5 to 7 high variety of habitats 

 
12. Streambed geology: Streambed geology and lower levels of embeddedness are critical for the 

maintenance of necessary void spaces in the substrate for macroinvertebrate habitat, which 
need a continuous flow of water, oxygen, and food (Frissell et al. 1986). Stream reaches are 
evaluated by walking in a zig-zag pattern, stopping every two steps to determine the size of 
material in front of the evaluator’s boot (Potyondy and Hardy 1994). If more than 50% of 
material is comprised of grain sizes in gravel, cobble and boulder categories, the habitat is 
considered optimal (Barbour and Stribling 1991).  If more than 80% of the substrate is sand size 
or smaller, the habitat is considered “poor”, while less than 30% of fine material rates the reach 
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“excellent.” An estimate of the percentage of fine material is considered a valuable indicator of 
upstream watershed disturbance (Frissell et al. 1986). 
 
This measurement is a visual estimate – no quantitative measurements are taken.  Walk along 
the stream for 100 feet and observe the percent of boulders, cobbles, gravels, or logs.   

 
 

1: < 10% boulders, cobbles, gravel, or logs 
2: 10-25% boulder cobbles, gravel, or logs 
3: 25-50% boulders, cobbles, gravel, or logs 
4: >50% boulders, cobbles, gravel, or logs 

 
Data Analysis/Evaluation: 

● Meaning making- Answer to Focus Question 
● Wrap-Up 
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Investigation 3.2:   Water quality data collection for fisheries habitat (based on Watershed Watch) 
 
Time Estimate: Parameters are collected at stations. Often, one station is designated for collection of 
aquatic insect indicator data, one for streamflow, and one for collection of field chemistry water quality 
data with sensors and colorimeters. Each investigation may take approximately 35 - 45 minutes. Groups 
of students may cycle through stations held simultaneously. The riparian assessment described in 
investigation 3.1, as well as added field data collection described in investigation 3.3 (“fisheries 
protocol”) may also serve as their own stations. 
 
Materials: 
 

● Streamflow 
○ Tape measure 
○ Flagging tape 
○ Timing device 
○ Floating device 
○ Meter/yard stick 
○ Data sheets 

● Thermometer 
● pH meter 
● Total dissolved solids meter 
● sampling bottles (assorted) 
● Turbidimeter 
● Colorimeter 
● Dissolved oxygen kit 
● Benthic Macroinvertebrate assessment tools 

○ Large nets 
○ Wide, shallow trays with 2-3 inches of water to examine samples 
○ Waders (chest or hip, depending on water depth) 

 
Links to NGSS and CCSS: 
MS‐LS2‐4 and HS‐LS2‐4: Construct an argument supported by empirical evidence that changes to 
physical or biological components of an ecosystem affect populations; MS‐LS2.C ‐ Ecosystems are 
dynamic in nature 
 
Point of Engagement: 
 

● Focus Questions: How do the values we measure for common water quality indicators match up 
against standards of desired water quality? What species of aquatic insects are found in samples 
gathered from a water body, and what can those species – and the numbers of individuals of 
each species found – tell us about the water quality? How do temperature, pH, turbidity, 
streamflow, and other parameters affect benthic insects, wildlife that uses the riparian zone, 
and humans?  

● Connections to prior knowledge: Riparian survey 
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Investigation 3.2.1: Benthic Macroinvertebrates 
 

● Benthic and riparian area studies may tell us more about the condition of rivers and streams 
than conventional chemical monitoring techniques. Studying river insects and riparian habitat 
can tell us about changes that chemical monitoring may miss. Studying biological indicators of 
water quality can lead us to information on the impacts of water quality and riparian health 
on animals that utilize the riparian zone, including Species of Greatest Conservation Need that 
are associated with riparian areas 
 
A healthy community of insects can occur only when chemical, physical, and biological stressors 
are negligible or minor. For instance, river insects that have preferred environmental conditions, 
such as Stoneflies that like cool, clear water with lots of oxygen, can disappear from the river 
community when urban development increases water runoff and decreases water quality. The 
focus on living organisms helps evaluate the chemical, physical, and biological stressors and 
their cumulative effects. 
 

● Benthic macroinvertebrate collection and analysis methods 
 

The word “benthic” means bottom dwelling and refers to organisms that live on the bottom 
(substrate) of a river, stream or lake. The term “macroinvertebrate” means the organisms 
without a spine (invertebrate) that can be seen without the aid of a microscope. 
 
Aquatic organisms are excellent long-term indicators of stream and watershed health. Because 
the insects must live in the river all year long, their abundance and diversity are strongly 
impacted by, and reflective of, overall water quality conditions. For example, watersheds with 
historic and current overgrazing or urban areas with over 25% impervious surfaces tend to have 
benthic communities that are less diverse and more dominated by pollution-tolerant insects than 
watersheds that are less disturbed by human communities (May et.al. 2000). Benthic insects tell 
a story about the direct impacts of a variety of stressors and their cumulative effects. 
 
This curriculum presents a methodology for collection and two approaches to analysis of benthic 
macroinvertebrate samples. 
 
1. Collection - Frame dip-net sampling  

(1) This method allows you to sample in several areas of the stream to create a 
composite sample that is more representative of the diverse substrate 
habitats than the kicknet sample. 

(2) Assemble a team of three people, one to hold the kicknet and two to scrape 
all rocks in an 18 inch x 18 inch square area just upstream of the kicknet bar 
in the substrate. Make sure to bury the lower edge of the frame well (up to 
2 inches once past the cobbles) into the substrate so that no specimens are 
lost under the net. Have two students turn over each rock in the sample 
area and then one student kick (more like do the “twist”) inside the sample 
area. Carefully lift the frame and net bag against the current to prevent 
sample loss. Take the net and gently gather the sample in a five-gallon paint 
bucket by pouring water through the net, gently scraping the net with a 
wide paint brush and finally picking the net with forceps. Pour the sample 
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from the paint bucket through a sieve bucket lined with 500 μm (micron) 
net. Once the entire sample is in the sieve bucket, gently scrape the sample 
with fingers and the brush into ziplock bag a 1-quart Mason jar. Check the 
sides of the buckets for clinging critters during every transfer step. Remove 
these with forceps and place them into the jar. Cover the sample in the jar 
with 90% ethyl alcohol for future analysis in the lab. 
 

2. Sorting: 
 

A. Identification, sorting to the major groups, and counting. 
 

(1) This level of analysis provides a general idea of the richness of biodiversity 
of the benthic macroinvertebrate community. Key indicator insect groups 
include stoneflies, mayflies, and caddisflies. This level of analysis is most 
appropriate for younger students and schools short on time in the field and 
class to identify, sort, and count the insects. Students can use the field sheet 
Group Level Datasheet (Appendix 3). 

(2) Group level analysis can be done in the field or in the classroom. Set 
students in groups of 2-3 people per workstation. Each workstation needs to 
have the same number of forceps as students, a white tray filled with 
sample, and labelled petri dishes. The number of labelled petri dishes 
depends on the time you have to sort the sample and level of detail you 
expect for the research. For very young groups, fewer trays are better. At a 
minimum, use four petri dishes labelled mayflies (Ephemeroptera), 
stoneflies (Plecoptera), and caddisflies (Tripcoptera) and a fourth petri dish 
labelled Other for orders such as Diptera (True flies), Odonata (Dragon and 
Damselflies), and classes such as Oligachaeta (Worms). (Figure 6) 

 
 

3. Which of the sampling and analysis methods you want to use depends on the 
goals and resources of your class and curriculum. A very simple kicknet and 
major group sorting (sampling and analysis option A) takes only about 1 hour 
carried out entirely in the field.  
 

Figure 6: Major 
groups of benthic 
macroinvertebrates 
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B. The sorting and recording approach is a more sensitive assessment of conditions and 
can detect shifts in community composition within major groups that might result from 
pollution or habitat alteration. This method, best done back in a classroom with all 
samples brought with the class, is completed by counting every individual of every 
species found. Use Sorting and Recording Sheet found in Appendix 4. 
 

C. Summarize & interpret your benthic macroinvertebrate data  
 

1. Now that you’ve got data on your field and lab sheets, you’ll need to work with 
the data to describe the conditions of your stream. To summarize data, you’ll do 
several calculations on the abundance, diversity, and composition of your 
samples. Then you’ll compile the summaries into table or chart form and use 
them to interpret the extent of impairment of the biological condition of the 
benthic community. 
 
Data interpretation will take several analytical steps to answer the questions 
you asked at the beginning of your study, such as the impacts of pollution on 
the local biotic community. You can compare your results to general reference 
conditions (the best attainable conditions in a region) or to the results of a 
reference site you’ve sampled in your watershed. 
 

D. Benthic Metrics 
 

Metrics are calculated values that measure various attributes of interest. For the benthic 
macroinvertebrates, our metrics of interest are the abundance, diversity, composition, and 
pollution tolerance of your samples. You can calculate many of these metrics using data 
provided in the “Group Level” sheet. You can calculate them in your head or using a 
calculator in the field or in the lab. For Level A, you’ll need to calculate these at a chalkboard. 
For Level B, use the sorting and recording spreadsheet. 
 

1. Organism Density per Sample (Standing Count): Estimate the total number of individuals 
in the sample. This count indicates how biologically productive your stream and 
watershed are in terms of producing insects. Even if there are many organisms, a low 
diversity and low percentage of sensitive families may indicate a degraded habitat. The 
Level B collection method has much better precision in terms of producing replicable 
samples than Level A.  
 

2. Ratio of % of EPT (mayfly, stonefly and caddisfly) divided by total # organisms: Total up the 
number of all mayfly, stonefly, and caddisfly and divide by the total number of organisms.  
Having a ratio of 60% EPT or greater of the total insects is good result. 
   

3. Total Number of Taxa (Taxa Richness): This metric measures the overall variety of the 
assemblage of the types of bugs in the sample. Estimate richness of major groups for level 
A and B collection methods. If you only sort to order, this metric is important but much 
less telling than if you sort to group. Once you go to group level, you can compare changes 
in the number of EPT (Mayfly, Stonefly, and Caddisfly) taxa, and Diptera (True Flies). 
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4. EPT  divided by (EPT + Midge) Ratio: The total number of types of mayfly (E), stonefly (P), 
and caddisfly (T) families gets divided by the total EPT plus midges present. An excess of 
tolerant midges reduces the value below 1 and indicates more contaminated water. 
 

5. Estimated richness of EPT families:  Instead of identifying the mayfly (E), stonefly (P), and 
caddisfly (T) to family level, take a look at the body types of each of these orders and 
estimate the number present.   A higher number of family types (Baetidae Heptageniidae, 
and Ephemerilidae) versus just one type (Baetidae) indicates a healthier stream.   
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Investigation 3.2.2: Streamflow 
 

● What is Streamflow? 
 

○ Streamflow is a measure of how much water is flowing in a small portion of a river at a 
specific time. The standard measurement for streamflow is cubic feet per second. 
 

● Why is Streamflow Important? 
 

○ By measuring streamflow, students can determine how much life the river can support. 
The amount of water flowing in a river can affect many physical and biological 
characteristics of a river. Water temperature, levels of dissolved oxygen, and turbidity 
are affected by streamflow. The temperature of water in slow flowing, shallow rivers 
tends to be warmer than that of deeper, faster-flowing rivers. Faster flow may cause 
waves and tumbling of water, which mixes atmospheric oxygen into the water, thereby 
increasing dissolved oxygen levels. Faster flow of water can cause increased erosion of 
river banks, which may result in elevated levels of turbidity. Thus, the rate of flow helps 
to determine the conditions of the water, which in turn drives the types of plants and 
animals living in and around the river. 
 

● Influences on Streamflow 
 

○ Natural factors 
i. The geology of the area through which a river flows can affect streamflow. 

Water tends to flow faster over smooth surfaces, so if the riverbed is littered 
with boulders or large cobbles, this could slow the flow of water. Natural debris 
in the river, such as large boulders or downed trees or branches, can alter the 
course of the water, thereby slowing the flow. 
 

○ Human influences 
i. Land use activities can cause changes in streamflow. Dams control the amount 

of water that flows and also when the water flows. Month-to-month changes in 
streamflow may vary greatly in undammed rivers due to dry seasons, wet 
seasons, and spring run-off. These changes in streamflow might not be seen in 
dammed rivers. 
 

● Interpreting your results 
 

○ For small streams where water is generally cold (below 20 degrees C) the following 
guidelines can be used to assess your flow data following Oswood and Barber (1982). 

1: <0.01 m3/sec (0.5 cfs) -------------------0.03 m3/sec (1 cfs) 
2: 0.01 - 0.03 m3/sec (0.5 – 1 cfs) -------------------- 0.03 - 0.05 m3/sec (1-2 cfs) 
3: 0.03 - 0.05 m3/sec (1-2 cfs) ------------------- 0.05 - 0.15 m3/sec (2-5 cfs) 
4: > 0.05 m3/sec (2 cfs) -------------- > 0.15 m3/sec (5 cfs) 
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● REFLECTION ACTIVITY:

○ Ask your students to consider the implications of how much water is flowing for the
stream if the water was designated solely to serve humans. The average person in New
Mexico uses about 78 gallons of water per day for household use. In order to find out
how many people this stream could support in one day, students can complete the
following calculations:

● Measure Streamflow with Students:

○ Streamflow is measured using a tape measure, yard- or meter stick, floatable object
(such as a ping-pong ball or stick), timer, and data sheet.

i. Select a site. Find a fairly straight stretch of river where the water flows fast and
the bottom is relatively flat.

ii. Measure a stretch of river at least 10 feet long, placing a marker at the
beginning point and another at the end point.

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

iv. Begin the timer once the floating object has reached the beginning point.
v. Stop the timer once the floating object has reached the end point. (Note: if the

object becomes lodged or stuck in an eddy, start the procedure over again.)
vi. Drop the floating 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.
vii. Measure the width of the river at the beginning point, the end point, and at a

point midway between the beginning and end for a total of three width
measurements. Calculate an average width.

viii. Measure the depth of the river three times along each width line for a total of
nine depth measurements. Calculate an average depth.

Figure 7 
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ix. Divide the distance traveled by the floating object (usually 10 feet) by the
average time of travel to obtain a velocity.

x. Multiply the average width by the average depth to obtain an area.
xi. Multiply the velocity by the area to obtain a streamflow. To obtain a final

adjusted streamflow, multiply the streamflow by a factor of 0.9 for streams with
a smooth bottom or by 0.8 for streams with a rough bottom. This factor takes
into consideration the uneven streambed of the river that will slow velocity
down.

○ Students can use the handout in Appendix 6 to record their own calculations
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Investigation 3.2.3: Field Chemistry 

From Watershed Watch manual: 

INTRODUCTION: New Mexico Watershed Watch supports your investigating several measurements 
about the chemical condition and health of streams for fish and humans. 

The program provides resources for measuring: 

1. Temperature
2. pH
3. Turbidity
4. Conductivity (with total dissolved solids meter)
5. Dissolved Oxygen
6. Nitrate Nitrogen
7. Total phosphorus (without heat digestion)

Tests 1- 5 are easily done in the field. All you need to bring are functioning and calibrated meters, a 
beaker for grabbing samples (not all tests require a beaker), distilled water to rinse the meters after use, 
and a field sheet to record the data. The data from these tests should be fairly precise and accurate, 
assuming the meters and thermometer are properly calibrated. A sample datasheet that can be used to 
record water quality parameters can be found in Appendix 7. 

Tests 6 and 7 can be done in the field if a colorimeter is available to your class and you have the time 
and resources for careful supervision of your students. A guide to analyzing nutrients such as nitrate and 
phosphorous is available if you choose to conduct this analysis, using the Hach DR 890 colorimeter. Most 
schools collect a water sample in a clean bottle (approximately 1000 mL minimum size), refrigerate it 
overnight, and do the analysis the next day. The maximum holding time for these samples is typically 
less than 48 hours. Factors that can interfere with obtaining precise and accurate analysis using the 
colorimeter include: improperly following the instructions, contamination of the sample during 
transportation, sampling with a dirty sample bottle, and analyzing the sample after the 48-hour holding 
time. However, the entire process of practicing good sampling techniques and carefully analyzing the 
sample gives students good experience in water quality science. 
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1. Temperature

a. What is temperature?

i. Water temperature is a simple but important
measurement that refers to the coldness or
warmness of water. Cool water holds more oxygen
than warm water because gases, like oxygen, are
more easily dissolved in cool water.

b. Why is temperature important?

i. Temperature directly affects many physical,
chemical, and biological characteristics of a river.
The health of all living organisms in a river is 
dependent on water temperature as each 
organism is adapted to a particular range of
temperatures. Most aquatic organisms have adapted to a specific temperature
range that is optimal for its health. Growth and reproduction of the species
occur most efficiently at a temperature within this tolerance range. Click here
for a list of temperature ranges needed for selected New Mexico fish or visit:
https://drive.google.com/file/d/1IPNOvN4r6vQ1W8GVN4AX_2maBZCPyRWB/vi
ew?usp=sharing

c. An increase in water temperature can affect aquatic life in the following ways:

i. Decreased oxygen availability: Most aquatic organisms depend on the dissolved
oxygen in the water. The warmer water is, the less oxygen it can hold, as gases
are less soluble in warm water. Higher temperatures decrease the amount of
oxygen available for aquatic organisms.

ii. Increased metabolic rate. The rates of growth, decomposition, and metabolic
rates of many aquatic organisms rise with increasing water temperature. More
plants grow and die. As they die, bacteria that consume oxygen decompose the
dead plant cells. Fish and insects that rely on dissolved oxygen in the water have
less available for their use when organic matter grows and decomposes faster
than at typical rates. These organisms also need more oxygen when their
metabolic and growth rates are higher at higher temperatures

iii. Spawning success. Spawning is the act of egg laying and fertilizing by fish.
Spawning is affected by temperature for many species. Different fish species
have a preferred temperature for spawning. 9 degrees C is optimal for spawning
brook trout and rainbow trout. An increase in temperature of just a few degrees
could prevent spawning.

iv. Survival of embryos. Embryo survival is also temperature-dependent; higher
than normal temperatures will lead to embryo death and a possible reduction in
the population of a species.

Figure 8: Water temperature
ranges for aquatic life
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d. Influences on Water Temperature

i. The elevation and geographical location of streams affect stream temperatures.
Streams in lower elevation areas tend to stay warmer than streams at higher
elevations. The time of year also affects water temperature changes as air
temperature changes through the seasons. The source of water can cause
streams to be cold, particularly those fed by snowmelt. Such streams are
typically very cold in the spring. Streams fed by cold water springs remain cool
all year long while warm water springs keep the water temperature warm. The
channel shape impacts stream temperatures by controlling the exposure of
surface water to the atmosphere. A narrow, deep stream will be cooler than a
wide, shallow stream if all other factors are the same. Finally, riparian shading
with trees and shrubs makes water cooler by casting shadows over the water,
thus keeping temperatures down during hot summer months.

e. Temperature – how to measure

i. Check thermometer for liquid-column separation (see if there are bubbles in the
colored fluid). If yes, then use a different thermometer that is functioning
properly.

ii. Take the temperature in the shade. Use your shadow if there is no natural
shade.

iii. Place the thermometer completely in the water. Hold it underwater for at least
one minute (or until the reading stabilizes).

iv. Read the temperature while the thermometer is still in the water if possible. If
you can’t read the thermometer while it is in the water, then read it
immediately after removing it from the water. This prevents thermometer from
adjusting to the air temperature before you read it.

v. Take the temperature 2-3 times if time allows and average the results on your
Field Form.

vi. Put the thermometer back in its protective case.

f. Calibrating the Thermometer

i. Create a standard by filling a cup with mostly ice and top the cup off with water.
Wait a minute for the water to reach the temperature of the ice (0 degrees C).

ii. Put the thermometer in the ice water and wait one minute.
iii. Pull the thermometer out of the cup and immediately read the temperature. It

should be +/- 1 degree Centigrade from 0 degrees C. If not, the thermometer
needs to be replaced.

2. pH

a. What is pH?

i. pH measures how acidic or basic a solution is. Water (H2O) contains both
H+(hydrogen) and OH- (hydroxide) ions. The pH scale is a measure of the



 28 
Share with Wildlife 

relative concentrations of these two ions. Pure water has an equal 
concentration of H+ ions and OH- ions and is given a pH of 7 on a scale of 0 to 
14. An acidic solution has a higher concentration of H+ ions and has a pH of less
than 7. A basic solution has a higher concentration of OH- ions and has a pH
greater than 7.

The pH scale is a logarithmic scale. For example, a reading of 5 is 10 times more 
acidic than 6 and a reading of 4 is 100 times more acidic than 6. When 
compounds enter water and ionize, the water can become more acidic or basic. 

The pH value is one of the most important chemical characteristics of a body of 
water. It impacts the health and diversity of aquatic organisms and affects the 
nature of many of the chemical reactions taking place in an aquatic ecosystem. 

ii. The pH of rivers is largely due to the composition of the surrounding rock or soil
through which groundwater flows prior to entering the river.

iii. Changes in pH can be due to various inputs such as industrial waste, treated
wastewater, runoff from mining operations, and acid deposition.

iv. Aquatic organisms are adapted to particular pH levels and are adversely
affected by even slight changes in pH.

v. Very acidic waters can cause heavy metals to be released from bottom
sediments and surrounding soils. These heavy metals can kill or stunt the
growth of fish.

b. pH – how to measure

i. pH is best monitored in the field with a pH meter. The pH of samples taken and
held in a lab or classroom can change over time or be affected by the container
they are held in. A good quality meter that measures to 0.01 pH units is
recommended. A pH pen is less expensive but will measure only to 0.1 pH units.
pH paper can also be used but will measure only to 1 pH unit.

pH meters work by measuring the electric potential across an electrode (due to
hydrogen ion concentration). pH is then displayed in pH units or millivolts (mV).

Instructions for measuring pH with the Oakton pH Testr 2.

1. On the day of use, you should condition the electrode before you begin.
2. Remove electrode cap.
3. Immerse electrode in electrode storage solution, buffer, or tap water

for at least 30 minutes (do not use deionized water for this brand of
meter).

4. At the field site, have a beaker ready to take your water sample.
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5. If it is safe, take a small (50 mL) sample in the main current where the 
water is well mixed. If the current is too strong, take the sample from a 
flowing part of the stream closer to shore. Try to avoid eddies where 
the water might not be as well mixed and could be absorbing acidic 
compounds from organic matter on-shore. 

6. Remove cap from electrode and press the ON/OFF button to turn pH 
tester on. 

7. Dip the electrode into the water sample to a depth of 1⁄2 to 1 inches, 
stir the sample lightly, and wait at least 30 seconds to let the probe 
equalize with the temperature of the water. 

8. After the measurement has stabilized, press the HOLD/CON button to 
freeze the reading. 

9. Record the reading on Field Sheet. After you are finished, press the 
HOLD/CON button again to release the reading. 

10. Rinse the meter in tap water and store instrument in protective case. 
 

ii. Calibrating the pH Meter 
 

1. Calibration should be done every day the tester is used or as often as 
possible. You will need buffer solutions of pH 7 and pH 10. Make sure 
that the buffer hasn’t expired before using. 

2. Press ON/OFF button to turn the unit on. 
3. Dip the pH meter into the pH 10 buffer solution to a depth of 1⁄2 to 1 

inch. 
4. Press the CAL button to enter the calibration mode. “CA” will flash on 

the display at first, then a value close to the buffer solution pH will flash 
on the screen. 

5. After at least 30 seconds (30 flashes on the screen), press the 
HOLD/CON button to confirm the calibration. The display will show 
“CO” and then switch to the buffer value reading. 

6. Rinse electrode with tap water before sampling the next buffer solution 
(pH 7). 

7. Dip the pH meter into the pH 7 buffer solution to the same 1⁄2- to 1-
inch depth. 

8. Press the CAL button again to enter the calibration mode. “CA” will flash 
on the screen, then a value close to pH 7 will appear on the screen. 

9. After 30 seconds, press the HOLD/CON button to confirm the 
calibration. 

10. The display will show “CO” and then switch to the buffer value reading. 
11. Rinse electrode in clean tap water, and then press the ON/OFF button 

to turn unit off. 
12. YOU ARE CALIBRATED! 

 
3. Turbidity 

 
a. What is Turbidity? 
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i. Turbidity is a measure of the relative clarity of water, or how murky or cloudy
the water appears. It is defined by the American Public Health Association
(APHA) as “the optical property of a water sample that causes light to be
scattered and absorbed rather than transmitted in straight lines through the
sample.” Turbidity measures how particles in the water scatter light as it passes
through the water. A turbidity measurement can be used as an indirect way to
measure the amount of suspended solids in water. Keep in mind, however, that
correlation of turbidity with the total particle weight or particle number
concentration can be difficult because of the varying size, shape, and color of
the particles.

b. Effects of Turbidity

i. At high levels of turbidity, water loses its ability to support a diversity of aquatic
organisms. High levels of turbidity can raise water temperature by increasing
the amount of sunlight that is absorbed by the water. An increase in
temperature causes oxygen levels to decrease. Photosynthesis decreases
because less light reaches underwater plants, causing oxygen levels to drop
even more.

Suspended solids can clog gills of fish and prevent the development of eggs and 
larvae. As particles of silt, clay, and organic matter settle from the water to the 
bottom of rivers, they can cover and suffocate newly–hatched insect larvae. In 
addition, the settled sediment can take up spaces between the rocks that are 
important microhabitats for mayfly, caddisfly, and stonefly nymphs and other 
aquatic insects. 

c. Causes of Turbidity

i. Natural factors
1. Natural sources of turbidity include the rocks or sediments through and

over which a stream flows. Rivers that flow through erodible material,
such as sandstone, are naturally turbid. Turbidity is also caused by algae
and plankton growth and by the activity of bottom-feeding organisms.

ii. Human influences
1. In New Mexico, 95% of water pollution comes from sediment or dirt in

the water. Much of this pollution may come from agricultural land uses
such as grazing, farming, and timber harvest. High turbidity may also be
caused by soil erosion, waste discharge, or runoff from urban areas.
After the next rainstorm, measure the turbidity of your river or simply
observe if it is clear or brown with sediment. See if you can find the
source of the sediment and come up with ways to better manage the
watershed and maintain good vegetation cover to protect aquatic
insects and fish.

iii. How to interpret results
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1. The maximum value for high quality coldwater fisheries is 10 NTU. A
maximum of 25 NTU is permitted in certain reaches where natural
background prevents lower turbidity measurements. The standard for
most domestic water supply systems is 0.5 NTU. There are no standards
for turbidity for marginal coldwater or warmwater fisheries.

d. Turbidity – how to measure

i. Turbidity is measured with a Hach 2100P portable turbidimeter provided by the
New Mexico Department of Game and Fish. Report your results in
nephelometer turbidity units (NTUs) on your Field Sheet (Appendix 7).

ii. Check the battery of the turbidimeter by turning on the power button before
you go in the field. Replace batteries and recalibrate the machine, if necessary.

iii. Collect a representative sample with a sample cell – ideally, take three samples
total, with the cell rinsed thoroughly between each sample if the same cell is
used. Take care to handle the sample cell from the top so that fingerprints don’t
dirty the glass.

iv. Cap the cell and wipe the cell clean with a soft, lint-free cloth to remove water
spots and fingerprints (a clean, recently-washed T-shirt will work fine).

v. If the sample cell is scratched, apply a thin film of silicone oil and wipe with a
soft cloth to obtain an even film over the entire surface. This should be done
very seldom.

vi. Press the power button. Make sure the lid of the instrument is closed as the
machine turns on.

vii. Put the sample cell in the cell compartment so the diamond on the cell aligns
with the raised orientation mark in the front of the cell compartment.

viii. Press READ. The display will show “---- NTU” then the turbidity in NTU.
ix. Take 2-3 measurements if time allows and record the results on the Field sheet.

e. Troubleshooting

i. A flashing numeric display means that the sample is too turbid (or overrange)
for the selected range. Press the RANGE key until the display reads “AUTO” to
put the instrument in the automatic range selection.

ii. “E” messages on the display indicates either an instrument failure or an
operation cannot be performed for a variety of reasons. You can clear these
messages by pressing the DIAG key. The meter will continue operating as best it
can. Common messages are:

1. E3 = Low light error
2. E6 = Open lid during reading or obstructed light path
3. E7 = Light leak error.

4. Conductivity

a. Synopsis
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i. Conductivity is a measurement of the ability of a substance to carry an electric
current.

ii. The more ions present in water, the higher the rate of conductivity.
iii. Once a normal range of conductivity is established for a stream, large changes

can indicate that some source of pollution has entered the water.
iv. Conductivity is affected by temperature, discharges into a stream, and the

geology through which a stream flows.

b. What is Conductivity?

i. Conductivity is a measurement of the ability of a substance to carry an electric
current. The presence of ions (charged particles) in the water from ionic
compounds, such as salts, increases the capacity of the water to carry
electricity. For example, sodium chloride will dissociate in water to form positive
sodium ions (cations) and negative chloride ions (anions). The presence of free
ions in water allows for the conductance of an electric current. The more ions
present in water, the higher the rate of conductivity will be. Organic molecular
compounds, such as oils, phenols, and alcohols, do not form ions in solution and
thus are not good conductors. Conductivity is measured in microsiemens per
centimeter at 25 degrees Celsius (μS/cm at 25 °C.)

c. Why is Conductivity Important?

i. Conductivity measurements provide a general indicator of water quality. Most
streams have a relatively constant range of conductivity. Once baseline data is
established for a stream, deviations from the normal range can indicate that
some source of pollution has entered the water. Runoff from irrigation could
increase conductivity because of salts picked up as water flows over and
through the soil. On the other hand, an oil spill from an over-turned tanker truck
would lower conductivity since oil is a poor conductor of electricity.

Conductivity does not tell us what substances are present the way that other 
tests, such as a nitrate test, do. But, a measurement of conductivity can be used 
to estimate the amount of total dissolved solids (TDS) present in a sample; this 
is done by multiplying the conductivity by a conversion factor. The factor for 
converting conductivity to TDS is 0.55 to 0.90, depending on the type of 
dissolved solids present. A general rule of thumb for New Mexico is to multiply 
your conductivity measurement by .59 to get TDS in mg/L (USGS, Hemm, 
Sampling and Analysis of Natural Waters). 

The conductivity of rivers in the United States ranges widely from 19 μS/cm on 
the Rito Gascon to 8,800 μS/cm on the Canadian River just below Ute Dam. 
Compare this range to distilled water, which ranges from 0.5 to 3 μS/cm. 

d. Influences on Conductivity
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i. Natural factors

1. The geology of the area through which a stream flows has the greatest
effect on conductivity. Rivers flowing through granite bedrock generally
have lower conductivity due to the inert nature of the minerals found in
granite. Rivers running through clay soils will have higher conductivity as
more inorganic dissolved solids wash into the water. Rivers coming from
watersheds that have a limestone geology often have high conductivity
since, historically, limestone is derived from a salty inland sea.

Water temperature also influences conductivity, which increases with 
temperature. In most solutions, an increase of 1 degree C will increase 
conductance by approximately 2 percent. It’s essential to know if an 
instrument has “Automatic temperature compensation” (ATC) or not – 
TDS tends to increase in warmer temperatures. If not, report your data 
with a note after the value that says, “no ATC”. 

ii. Human influences

1. Land use activities can cause dissolved solids to run into a stream and
increase conductivity levels. For example, runoff of fertilizers from
lawns or agricultural lands or a sewage spill could raise conductivity
because of the increased presence of phosphates, nitrates, and salts.
Conductivity could be lowered as a result of input from industrial waste,
such as alcohols and hydrocarbons.

e. How to interpret results

i. The acceptable range for high quality coldwater fisheries at 25 degrees Celsius is
between 300 and 1,500 μS/cm depending on the natural background at your
particular river site. There is no standard for marginal coldwater or warm water
fisheries.

f. How to measure conductivity

i. Check battery before going into the field.
ii. Check instrument against a known conductivity standard before every field trip

(if you didn’t calibrate the instrument before the field trip, don’t put a check in
the “calibrated” box for conductivity field data on your Field Form).

iii. Rinse the probe with sample water from the river.
iv. Gather 50 – 100 mL of water in a clean plastic beaker. You can also place the

probe directly in the river water.
v. Put the probe in the sample beaker to a depth of about 1.5 inches. Do not

immerse the meter above the level of the display.
vi. Stir the probe gently and wait a few seconds to allow the display to stabilize. It

takes up to about a minute for the metal probe to equilibrate to the
temperature of the water.



 34 
Share with Wildlife 

vii. Observe and record the reading on your Field Form.
viii. Make sure to check your units of measure (μS/cm or mg/L TDS) and report them

accordingly on the Field Sheet.
ix. Rinse the probe with distilled water. Turn off the meter and store it safely in its

storage box.

g. Calibrating the conductivity meter:

i. Each meter has its own instructions. The following steps are for the Oakton TDS
Testr 20.

1. Rinse the probe in tap or deionized water, then in a known calibration
solution.

2. Turn the unit on
3. Dip electrode into the calibration standard solution.
4. Press CAL/CON button to enter Calibration mode. “CA” flashes on the

display. An uncalibrated value close to the calibration standard will
flash.

5. Wait at least 30 seconds (about 30 flashes) for the reading to stabilize.
6. Press the HOLD/INC button repeatedly to adjust the reading to match

the value of the known calibration standard.
7. Press CAL/CON button to confirm calibration. The display will show

“CO” and then switch to a calibrated conductivity reading.

5. Dissolved Oxygen

a. Dissolved Oxygen is a measure of gaseous oxygen in water that is necessary for aquatic
organisms to survive.

b. Importance of Dissolved Oxygen (DO):

i. Aquatic organisms require oxygen for survival. Changes in DO can impact an
organism’s ability to grow and develop.

c. Factors Influencing Dissolved Oxygen

i. Temperature – As temperature increases, the ability of water to hold oxygen is
diminished (e.g., imagine a pot of boiling water; just before it starts to boil the
tiny bubbles that form are oxygen coming out of solution). Vegetation shading a
stream will keep the water cool and help maintain healthy oxygen levels.

ii. Pressure – As air pressure increases, the pressure of oxygen increases so water
exposed to that air can absorb more oxygen. Thus, water at high altitude holds
less oxygen than water of a similar temperature at sea level.

d. Measurement Methods
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i. Fill water sampling bottle to allow no air bubbles as they will give incorrect
results.

ii. Add eight drops each of Manganous Sulfate Solution and Alkaline Potassium
Iodide Azide to sample bottle, cap, and gently mix.

iii. Allow precipitate to settle, then add eight drops of Sulfuric Acid or one level 1g
spoonful of Sulfamic Acid Powder depending on which kit type you have. At this
point, the sample has been fixed and exposure to air will not affect the results.

iv. Cap and mix until reagent and precipitate dissolve.
v. Fill test tube with 20mL of sample.

vi. Add eight drops of Starch Indicator.
vii. Fill Titrator with Sodium Thiosulfate.

viii. Slowly add Sodium Thiosulfate to test tube one drop at a time while gently
swirling until blue color just disappears (Care should be taken to prevent adding
too much Sodium Thiosulfate).

ix. Read result on titrator as ppm of Dissolved Oxygen.
x. Dispose of the water with reagents in a well-capped bottle labeled "waste

water".

e. Standards and Methods for Interpreting

i. DO <2 ppm is fatal to most fish
ii. DO <3 ppm is stressful to most fish

iii. DO above 6 ppm is sufficient for most species
iv. Based on the temperatures and barometric pressures commonly found in New

Mexico streams, the saturation point of DO in the water will rarely rise above
10ppm
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Investigation 3.3: Fisheries assessments 

Time Estimate: 45 minutes to an hour 

Materials: 

● Waders - Type of waders needed will depend on the size/depth of the stream: either boots, hip,
or chest waders.

• It is very important to clean off waders between use – waders must be decontaminated
to prevent the spread of fungus or other pathogens between streams. It is important
that the waders are completely dry between uses at a minimum; users may also want to
clean with 10 % bleach solution or 1% quaternary ammonia and rinsed with clean water.

● Measuring tape- At least 200 feet long and marked in decimal feet.
● Millimeter ruler or Gravelometer- A measuring ruler with millimeter increments to measure

diameter of gravels, pebbles, and cobbles.  If possible, use an Albert Scientific field sieve type.
● Convex spherical densiometer or Solar Pathfinder- Solar pathfinders are preferred over

densitometers because of their improved precision and efficiency. Densiometers measure the
amount of vegetative canopy cover, while solar pathfinders measure actual shading. Several 31°
to 37° solar diagrams should be made for each location.

● Global positioning system (GPS) receiver- Preferred to have but not essential, should be read in
UTM, datum NAD83/WGS84, ideally with WAAS (Wide Area Augmentation System) capability.

Notes: A survey crew should be divided into the roles of “observer” and “recorder.” The observer is 
responsible for collecting all measurements and/or making visual assessments, while the recorder 
documents these data, keeping track of locations, photos, and notes. 

Vocabulary: 
● Pool: Stretch of a river or stream in which the water depth is above average and the water

velocity is quite below average.
● Average pool depth
● Bankfull: The water level, or stage, at which a stream, river or lake is at the top of its banks and

any further rise would result in water moving into the flood plain. It may be identified by
physical characteristics such as a clear, natural line impressed on the bank, shelving, changes in
the character of soil, destruction of terrestrial vegetation, the presence of litter and debris, or
other appropriate means that consider the characteristics of the surrounding areas.

Figure 9: Diagram showing location of ideal sampling locations when measuring 
diameter of gravels, pebbles, and cobbles, represented by red lines. 
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● Bankfull bench: A flat or shallowly sloped area above bankfull that slows high velocity flows
during flows above bankfull.

● Bankfull Depth: The average depth measured at Bankfull Discharge.
● Bankfull Discharge: The dominant channel forming flow with a recurrence interval seldom

outside the 1 to 2 year range.
● Bankfull Width: Channel width at Bankfull Discharge.
● Large woody debris: Fallen trees or parts of trees that provide structure and attachment for

aquatic macroinvertebrates and hiding places for fish.
● Maximum depth: Deepest point measured in stretch of river being analyzed.
● Residual pool depth: The difference in depth or bed elevation between a pool and the

downstream riffle crest.
● Riffle: A short, relatively shallow and coarse-bedded length of stream over which the
● stream flows at lower velocity and higher turbulence than it normally does in comparison
● to a pool. As a result of the lower velocity and heightened turbulence, small ripples are
● frequently found.
● Substrate:
● Thalweg: The deepest channel formed in the stream, or the line of steepest descent along a

stream.
● Unstable bank: A degrading streambank, often caused by erosion or lack of vegetation.

Investigation 3.3.1: Pebble Counts 

Analyses of streambed substrate composition are done using pebble counts (Wolman, 1954; Kaufmann 
et. al, 1999) and sediment sampling. These should be performed at 21 evenly spaced transects along the 
length of the stream to ensure that multiple habitat types are measured. At each of these transect 
locations, a pebble count is conducted along the wetted width, and wetted depths are recorded for the 
following intervals:   

At the right bank 
At 75% of the wetted width 
At 50% of the wetted width 
At 25% of the wetted width 
At the left bank 
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The sediment directly below the depth rod should be analyzed at each depth interval, with particles 
measured along their intermediate axis. A gravelometer or ruler with millimeter increments can be used 
for this purpose and the measurements recorded along with habitat type and exact location. 

Figure 10: Locations along transect to conduct pebble surveys 

Figure 11: Parts of a pebble to be 
measured 
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Investigation 3.3.2: Canopy cover and shading 

Two tools can be used to determine the amount of shade provided to the stream by riparian vegetation, 
either a convex spherical densiometer (Lemmon, 1954) or a Solar Pathfinder. The densiometer is 
inexpensive and relatively simple to use. However, it does not provide a direct measurement of stream 

shading over time, as is available with the Solar Pathfinder. Instead, 
densiometers measure the amount of canopy cover at a given point in time. 
Regardless of the method selected, shade measurements should be 
collected along with pebble counts and depth measurements, at every 
other transect. 

The following convex spherical densiometer method was adopted from 
Platts et. al, 1987: 

Locate the middle point of the wetted stream width. Facing upstream at 
this location, hold the densiometer level at 0.3 m (1 ft) above the water’s 
surface. 

Looking at the reflection, place the top of your head at the bottom of the taped “V”.  
Count the number of points covered by vegetation. (There are seventeen points within the “V,” so the 

value should fall between 0 and 17.  

Repeat this measurement looking left, right, and downstream from the same midpoint location.  

Next take a measurement from either side of the channel, standing on the bank, 0.3 m (1 ft) from the 
bankfull shoreline. Take these measurements facing the stream. 

Repeat this procedure for every other transect, collecting 6 measurements at each site. 

Calculate the average percent shading at each site:  sum total of densiometer points for site possible, 
divided by densiometer points, i.e., (17 points × 6 measurements) × 100% 

Finally, find the average percent shading for the entire stream study area: sum of % shading for each 
transect, divided by number of transects performed. 

The method for using a Solar Pathfinder: 
When using the Solar Pathfinder method, the same cross sections will be used as in the densiometer 
method.  To get a shade measurement using the Solar Pathfinder, first install the 31° to 37° sunpath 
diagram, and make sure that the diagram is corrected for the compass delineation (for NM the range is 
7° to 10° east).  As in the densiometer method, hold the Solar Pathfinder 0.3 meter (1 foot) above the 
water level in the middle of the wetted width.  Use the compass on the instrument to orient it to face 
south.  Look over the instrument at about 12 to 18 inches above the dome. Either trace the shade line 
with the wax pencil or add the numbers in each block covered by potential shade from 11 AM to 1 PM 
across all twelve months.  If the shade line is drawn with the wax pencil, then record stream name, date, 
time, cross section number, and UTM on the back of the sunpath diagram.  Take a reading at all eleven 
transects.  For further information and reading interpretation, refer to the Solar Pathfinder instruction 
manual.   

Figure 12: Densiometer 
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Investigation 4:  
Integration – Turning Data Into Information 
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Investigation 4.1: Integration of riparian and wildlife data into reports 

Time Estimate: 1 hour 

Materials: post assessment, compiled data 

Point of Engagement: 

● Focus Questions: What did we find out from your field data collection and your research of
other scientific data for your Species of Greatest Conservation Need (SGCN)?  What did you find
out from researching other existing information?

○ What were the results of your biological ecosystem indicator and riparian surveys, water
quality data collection, and fisheries monitoring?

○ How do water quality data compare with riparian zone indices and biological ecosystem
indicators data?

● Connections to prior knowledge: investigations 1, 2, and 3
● Refer to Data-to-Information exercises in Appendix 8

Investigation: 

● Providing guidance to students to write reports on a Species of Greatest Conservation Need
which can use their original research plus research information from other sources.  The report
can include information how much riparian habitat loss/fragmentation is occurring, why is
fragmentation happening (land use, invasive species, water management/dams, pollution) and
the impact on the Species of Greatest Conservation Need.

● Incentivizing excellence in student research on specific SGCN they choose to study. One student
with the highest scored research paper by a jury will receive a $100 stipend and have their
report published online at www.riversource.net.

● Publishing student reports using modern web-based data sharing tools such as Google
Classroom/Drive.

● Refer to Wildlife Research Competition information form in Appendix 9

To see a comprehensive list of Species of Greatest Conservation Need in New Mexico go to this link: 
http://bison-m.org/documents/48800_SWAP2016_SpeciesofGreatestConservationNeedList.pdf 

Data Analysis/Evaluation: 

● Meaning making- Answer to Focus Question
● Wrap-Up: Post-assessment: Appendix 10

http://bison-m.org/documents/48800_SWAP2016_SpeciesofGreatestConservationNeedList.pdf


Source: Bedford County Watersheds Pages, Bedford County Conservation District. Watershed Diagram Courtesy of Arkansas 

Watershed Advisory Groups, prairierivers.org 

Appendix 1
Example of a Watershed



New Mexico Watershed Watch Riparian Survey (v.2013)
Project Name & River / Wetland Name: Date: 

Surveyors: 
Know that this survey was adapted primarily for montane streams above 7,000 feet in New Mexico. Rate 
each of the parameters on a scale of 1 to 4 .  Assign scores based on the characteristics described in the Poor, Fair, 
Sub-Optimal, and Optimal columns. Use half points if needed to accurately represent conditions at your site.  For 
example, a riparian area with < 3 height classes would be given a 3.5 score.   

Parameter Optimal Sub-optimal Fair Poor Score
4 3 2 1 Notes

1
Riparian Vegetation 
structural diversity

> 3 height
classes

grass/shrub/tree

 2 height classes 
mostly trees

1 height class 
grass/forbs

1 height class 
sparse 

vegetation

For example, describe the difference 
between left and right side (as you face 
downstream)

2 Lower Bank Stablity stable no erosion some erosion
unstable/   
erosion

unstable/eroding

Difference between left and right side (as 
you face downstream)

3
Vegetation 

Abundance/cover
Plant cover is 

>75%
Plant cover is 50 - 

74%
Plant cover is 

25-49%
Plant cover is 
less than 25%

Difference between left and right side (as 
you face downstream)

4
Vegetation Buffer 

Width meters (feet)

>18 m (60 ft) on
least Buffered

side--->

12 -18 m (40 - 60)   
----------->

6 -12 m (20-40)   
---------->

< 6 m (20)       
----------->)

Measure the average width of the riparian 
vegetation from the stream side to the 
nearest disruption.  (Name the disruption 
here and note on river corridor land use)

5 Vegetation Diversity
> 20 plant
species

15-19 plant species
5-14 plant
species

1-4 plant species

6 Embeddedness

substrate 
surrounded by 

<25% fine 
sediment

25 - 50% 51 - 75% >75%

7

Flow m3/sec (cfs)    
COLD ->           

-----------------------
WARM ->

> 0.05 m3s (2 cfs)
---------------------

> 0.15 m3s (5 cfs)

0.03 - 0.05 (1-2)     
-------------------      

0.05 - 0.15 (2-5)

 0.01 - 0.03      
(0.5 - 1)         

--------------------   
0.03 - 0.05 
(1-2 cfs)

<0.01 m3s
0.5 cfs           

-------------------    

8
Canopy shading the 

water
mixed sun and 

shade
sparse canopy 

flitered light
nearly complete 

sun or shade
no shade 

complete sun

9 Benthic insects

mayflies, 
stoneflies,  
caddisflies 
(dominant)

mayflies & 
caddisflies 
(dominant)

mainly midges 
mayflies or 
caddisflies

mainly midges & 
other, no 

stoneflies, no 
caddisflies, no 

mayflies

10
Width to depth ratio 

of bankfull width ratio <8 ratio = 8 -15
ratio = 15 - 25 
over bank flow

ratio > 25 peak 
not contained

Measure capacity of lower bank to 
contain peak flows.  Divide average 
top width of bankfull width by height of 
lower bank

11 Pools & riffles
ratio = 5 to 7 high 

variety of 
habitats

ratio = 7 - 15          ratio = 15 - 25    

ratio > 25        
a straight stream 
or one with low 
habitat variety 

Divide average distance between riffles 
or bends (for low gradient streams) by the 
average stream width

12 Streambed geology
>50% boulders,
cobbles,gravel,

or logs

25-50% boulders,
cobbles, gravel, or

logs

10-24% boulder
cobbles, gravel,

or logs

< 10% boulders, 
cobbles, gravel, 

or logs

Divide total score by number of parameters measured Average Score:

v2013 by 
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<0.03 m3s
1 cfs           



NM WATERSHED WATCH RIPARIAN SURVEY BACKGROUND INFORMATION

General information:
Weather

Date: ______    Time:________   Elevation: _________ Past
Now 48 Hours

Stream name: _____________________________________ Clear/Sunny
Overcast

Investigators conducting survey: ____________________ Showers
Rain (steady rain)

_________________________________________________ Storm (heavy rain)

Site & vegetation type description: _______________________________________________________ 

_______________________________________________________________________________________

River corridor land uses:      spaces for land uses not listed. Place "D" for dominant and "X" if present - otherwise leave blank. Use blank

Roadless area Cropland Golf course Urban 
Wooded area w/ roads Grazed pasture Recreation area Commerical/Industrial
Wooded Logging area Ungrazed grassland Scattered residential

Resevoir or irrigation above? (Y/N) ___________________________

Sketch of site: Draw a "bird's eye" view of the 100' segment of the river that includes benthic macroinvertibrate 
sampling sites (if done).  Note the places where water flow was measured.  Also note landscape features and land 
uses such as direction of water flow, roads, wetlands, ditches, pastures, corrals, grazed areas, trails, or homes.



by          v.4 2018 September

Benthic Macroinvertebrate Biotic Index Calculation Sheet - Major 
Group Level Analysis
Data Collector’s Names_________________________________________________________ 
Date_________________________ Begin Time_______________ End Time_______________ 

Sensitive Groups - Put a “X” if found
Caddisfly larvae      _____ 
Mayfly larvae                 _____ 
Stonefly larvae  _____ 
Dobsonfly larvae                   _____ 
Riffle beetle larvae             _____ 
Gilled snails larvae     _____ 
Water penny larvae             _____ 

  Total # of animals with “X” _____ 
 x 3=______     

  Group score: 

Somewhat Sensitive Groups - Put a “X”
if found
Clams larvae             _____ 
Crane fly larvae          _____ 
Crayfish                _____ 
Damselfly larvae                _____ 
Dragonfly larvae                _____ 
Scuds      _____ 
Sowbugs                _____ 
Midge fly larvae (not red)      _____ 
Snipe fly larvae      _____ 
Planaria                  ______ 
Aquatic mites             ______ 
Hemiptera (True bugs)          ______   

   Total # of animals with “X” _____ 
        x 2=______     

     Group score: 

Tolerant Groups- Put a “X” if found

Aquatic worms           _____ 
Blackfly larvae              _____ 
Leeches                 _____ 
Midge Fly Larva (Red)         _____ 
Pouch/pond snail                  _____ 
Tubificid worm            _____ 
Crawfish  _____ 

Total # of animals with “X” _____ 

 x 1=______     

 Group score: 

a) Total # sensitive   ____  + Total # somewhat sensitive  ____  + Total # tolerant      ____ = ____________
        Total # of animals (a)  

 

Sensitive Group Score___ +  Somewhat Sensitive Group Score____ + Tolerant Group Score______=___________ 
       Total value (b) 

 

Divide total value (b)   _______    ÷    total # of animals  __________  = __________ for water quality index score 

How healthy is the stream? 
Excellent ………….. .2.3 – 3.0 
Good ………………. 1.5 - 2.2 
Fair ………………… 0.8- 1.4 
Poor …………………0.0 - 0.7 

The calculations can be applied to counts 
of individual organisms.  To do this, 
replace the “X” with the number of 
individuals, total up the individuals, and 
then multiply the total individuals by 
Group value (1,2, or 3). 
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Benthic Macroinvertebrate 
Sorting & Recording Sheet 

Stream name: 

Site name: 

Date of Sampling: 

Date of counting bugs 
& completing sheet: 

Names of bug sorters 
& counters: 

Scientific Name of Group 

Common 

Name

(Taxa)

Presence 

or 
Absence Number found 

% of 
total (if
counted)

Order: EPHEMEROPTERA Mayflies 

Order: PLECOPTERA Stoneflies 

Order: TRICHOPTERA Caddisflies 

Order: DIPTERA, 
 Family: CHIRONOMIDAE 

Midges 

Order: DIPTERA, 
      Family: SIMULIIDAE 

Blackflies 

Order: DIPTERA, 
      Family: TIPULIDAE 

Craneflies 

Order: COLEOPTERA Beetles 

Order: ODONATA 
Dragonflies & 
Damselflies 

Order: MEGALOPTERA Dobsonflies 

Order: LEPIDOPTERA Moths 

Order: AMPHIPODA Scuds 

Order: ISOPODA Sowbugs 

Order: HEMIPTERA True Flies 

Class: OLIGOCHAETA Briste Worms 

Class: GASTROPODA Snails 

Class: PELECYPODA Clams 

Class:PLANARIAN Flat Worms 

Class: Hirundinea Leeches 

Other types (not listed) 

Grand Total: 

Calculations 

Total # of taxa
(Sum of individuals 
recorded in "Number 
found" column)

EPT  divided 
by  (EPT + 

Midge) Ratio

EPT Ratio
EPT refers to the total 
number of Mayflies (E), 
Stoneflies (P), and Caddisflies 
(T) that are found 

Group Richness (estimate
how many sensitive EPT based 

body shapes)

Produced by River Source for the New Mexico Department of Game and Fish 

Mayfly 

Stonefly 

Midge 

Caddisfly Larvae 

Caddisfly Larvae 
Case
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Benthic Macroinvertebrate Metrics 

Name of sampling location: 

Metric Surveyed site
Standing count = total number of organisms 
per square meter 
A measure of the general productivity of a site – too high 

and too low a value is an indication of a problem. 
EPT ratio = total number EPT divided by
total organisms x 100
This is the group of the most sensitive organisms, thus a
high percentage indicates uncontaminated water. 

EPT  divided by (EPT + Midge) Ratio
This measure gives a sense of most tolerant insects 
compared to the total number of sensitve insects.
An excess of tolerant midges reduces the value 
below 1 and indicates more contaminated water.

Total taxa richness = total number of taxa 
Sort the sample into as many groups as you can 
distinguish.  These taxa richness metrics give an 
indication of the diversity of the population in the sample. 
Diversity is good. 

Percent dominant taxa = total number 
dominant taxa / total number of organisms x 
100 
A stressed community will be dominated by only a few 
organisms. 

Important groups missing (list groups)?

What are reference conditions for the site?  

Could changes be due to seasons? 

Reference site Lower value
between two sites
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by River Source v2018 

 MEASURING & CALCULATING STREAM FLOW 
Ver ‐WW 17 

Set‐up: Find a straight stretch of river where the water flows fast 
and the stream bottom is relatively flat.  Measure and mark 3 
locations on both sides of the stream.  Record the length from the 
upstream to the downstream boundary as the distance in column 
A. Your distances can be different for smaller streams (0, 1.5, and
3 feet, for example)
Measure:

1. Width.  Measure the stream width (W) perpendicular to
the flags (upstream, middle, and bottom) and average your
3 measurements.

2. Depth.  Measure the depth of the river three times along
each width line for a total of nine depth measurements.
Calculate an average depth.

3. Velocity.  Measure velocity by dropping your floating object upstream of the top flag and timing how long it takes
to float the entire length (the distance from the upstream to the downstream boundaries). Take the
measurement a minimum of 3 times from the same location.

A  B  C  D  E  F  G 

Distance 
(feet) 

Time (sec.) 
to float 
distance 

Average 
Time (sec.) 

Width at 3 
points 

Average 
Width of 
River (feet) 

Depth at 9 points (note 
your units if in inches 

or feet) 

Average Depth (if 
measured in inches 
divide result by 12 
to get depth in 

feet) 

Calculate: 
1. Calculate the averages for columns B, D, and F and record the averages in columns C, E, and G.
2. Divide the distance (column A) by the time (column C) to get the feet per second (the velocity).  Record this number

on the line for V (velocity), below.
3. Multiply the average width (column E) by the average depth (column G) to obtain the area.  Make sure the depth is

converted to feet! Record this number in the A (area) below.
4. Multiply the velocity by the area (V x A) to obtain the preliminary streamflow and record on the appropriate line

below.

____________________________   x   _____________________________   =   _________________________ 
 (V) velocity in feet per second                             (A) area in square feet                    preliminary  streamflow in CFS 

Final adjusted streamflow calculation:  

Multiply your preliminary streamflow by a factor which takes into consideration the uneven bed of your river or 
stream.  For streams with rocky bottoms use a factor of 0.8, but for smooth bottomed streams, use a factor of 0.9. 

          ______________________   x   ________________________  =  
 preliminary streamflow                      factor of 0.9 or 0.8    Final Adjusted Streamflow Result 

Date:  
Location:  
Recorder’s name:  

Length can vary 
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* Although there is no streamflow
standard for fish, fish need some water
to survive. > 2 cfs is optimal, <0.5 cfs is
poor.
Show all units of 
measurement. 

v2018

(Rio Grande Cutthroat Trout) 
Watershed & Stream Monitoring 

Data Summary Form 
New Mexico Watershed Watch –NMDGF 

Location 
Name ________________________________ 

    ____________________________________ 

GPS(if available)  N____________W_____________ 

PLEASE COMPLETE WEATHER INFORMATION ON EACH TRIP 

Standard 

Parameter Device 
Calibrated? 

yes/no 

High 
Quality 
Coldwater 
Fish (2001) 

Human 

My Results 

Other 
Group’s 
Results 

Other 
Group’s 
Results 

Other 
Group’s 
Results 

Average 
Results 

OK for 
Fish? 

OK for 
Humans? 

1 Streamflow N/A None * None 
N/A 

2 Water Temperature Y  N < 20° C None N/A 

3 
TDS by conductivity 
meter (Please note if results 
are in mg/L or µs/cm) 

Y  N None 500 
ppm 

N/A 

4 
Turbidity Y  N 10 NTU 0.5 

NTU 

5 pH Y  N 6.6 to 8.8 

6 Nitrate           {NO3} Y  N None 10 mg/l 
N/A 

7 Dissolved Oxygen Y  N 6.0 mg/l None 
N/A 

8 
Total Phosphorus {P} 
{PO43-} Y  N 0.1 mg/l None 

N/A 

Notes: 

Precipitation Information Current Past 48 hours (circle) Air Temp 
10 Rain light Yes   No Yes   No   Don’t know 
11 Rain showers Yes   No Yes   No   Don’t know 
12 Rain heavy (thunder/lightning) Yes  No Yes   No   Don’t know 
13 Snow Yes  No Yes   No   Don’t know 

Appendix 7

Recorder’s 
Name:___________________________ 
Date _____________________________  

Time Started__________Finished _______ 
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Activity for Students to See Patterns in Data 
& Turn Data into Information 

1. Why turn your data to information?  Analyzing river ecology data
completes the learning process by comparing data results with your
predictions of what you expected, looking at data gaps and other data
sources, and reporting your findings to the community.  In New Mexico
Watershed Watch, we start by comparing results to aquatic health and
human standards.   Your task is to weave the field experiences and
analysis into a story that compels people to become engaged in the
monitoring process and find ways to adopt healthy watershed
management practices.

2. How
• Introduce students to river ecology concepts, river measurement

methods, and get students to make predictions of what they expect
to see for the data.

• Have students focus on two parameters.
• Teacher needs to arrive at classroom with copies of this worksheet,

graph paper, colored pencils, and a tabular form of the all the data
(sometimes highlighting the data students will analyze for their
convenience).

3. When to do this
At the end of the first semester or at a minimum during April for an end-
of-the-year presentation.   Your curriculum approach will dictate when in
the class cycle you do this, but it’s always going to take place prior to
making your community presentation.  Consider giving yourself 2 class
periods if you only have 1 hour-long classes.  Begin organizing and
graphing data to start comparing data at the same site over several
months as soon as time allows.

Appendix 8
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The overall objective is to play with the data and see what story it tells, 
or doesn’t, and make recommendations.  The activities to achieve this 
include: 

a. Assess results in the context of how data changes from
upstream sites to downstream sites in a watershed.

b. Graph the data over time or space (e.g., sites 1-3 done on the
same day on the same river).

c. Compare the values to a benchmark or water quality standard
if it exists

d. Calculate summary statistics such as the maximum,
minimum, range, mean, median, and IQ (interquartile) ranges.

e. Record observations and findings
f. Provide conclusions and recommendations. Ask students who

may be presenting as a final assessment to take their
preliminary dataset and present it to the class as a draft.

g. Each parameter group (like temperature and dissolved
oxygen) will present their conclusions and recommendations.
Discussion will follow. Weave in concepts such as:

i. Stressor, exposure, response.
ii. Exceedances of water quality standards related to

frequency, duration, magnitude, and natural vs. human
causation

What to provide students/participants

a. Data for one or two parameters with dates when they were
gathered.

b. Graph paper.
c. Background material on the parameter on what, why, and how it

is measured and what the water quality standard is for the river
(or have them do their own research and writing on this topic).

d. A set of data interpretation worksheets (see attached).



Name: ________________________________________________ 

3

Data Interpretation Worksheet 

1. Names of the two parameters you’ll analyze?

For each parameter, list one reason it is important to measure 
for aquatic life or human health. 

2. How you would expect the results to change from upstream
to downstream taking the River Continuum Concept and
land use in the watershed into consideration?

Parameter Change Upstream 
to Downstream? 

Why? 



Name: ________________________________________________ 

4

3. For each parameter, record how you predict this parameter
changes daily or with a summer rainstorm?

Parameter         OR Neutral 
Daily  
               Change? 

      OR Neutral 
Rainstorm 
               Change? 

4. Graph the two parameters at the location.  Connect points
for each parameter to make a line with a distinct color for
each parameter.  Label each axis appropriately, and give the
graph a legend & title that is clear.  See example below.
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Name: ________________________________________________ 
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5. For each parameter, is there a standard or benchmark that
should not be exceeded (look on your datasheet)?  Add
benchmark to below table if you have them and also to
your graph.

Parameter Benchmark Y or N If Benchmark what is it? 

6. For each parameter, calculate the following summary
statistics and put the results in the table below.

Maximum data point (highest value in dataset) 
Minimum data point  (lowest value in dataset) 
Range (maximum to minimum values) 
Why? 

Parameter 

Max 
(which site 
and what 
date and 
time of 
day?) 

Min 
(which site 
and what 
date and 
time of 
day?) Range Why was there variation? 
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Name: ________________________________________________ 

7. Calculate summary statistics that represent the spread or
diversity of the data.

Parameter Mean
25% IQ 
Range Median

75% IQ 
Range 

8. Record you findings and observations.  Just list them.  The
tools you have include:

• The River Continuum concept and daily and rainstorm
predictions of what these parameters “should” do

• The graph of what each parameter “did” do this year.
How does it compare with your predictions?  Are there
any patterns between or within parameters?

• If you have a benchmark, was the benchmark
exceeded? If so, what might this mean? If not, what
might that mean?

• Do the maximum, minimum, range, and mean look like
they would be okay for aquatic life? Human health?

9. Summarize your conclusions and make a recommendation.
This is what you will present to the group in a one minute
presentation as a “dry run”.   Do a role play pretending that
you have been hired to evaluate these data for a client-- what
would you tell them?



Announcement of 
Wildlife Study Competition 
for Santa Fe Indian School 

River Source and your school is offering a cash award of $100 to the student writing a winning research 
paper on any wildlife species that is considered a Species of Greatest Conservation Need by the New 
Mexico Department of Game and Fish.  Some of these animals include:  

• Jemez Mountains Salamander
• Peregrine Falcon
• Colorado Fairy Shrimp’
• Rio Grande Chub
• Gila Trout
• Lowland Leopard Frog
• North American River Otter

These are only some but not all animals whose habitat conditions are declining, vulnerable, or isolated, 
or provide a keystone role that make them crucial to other animals.  To see complete list of these 
animals to choose from click on this text. or go to this link: 
http://bison-m.org/documents/48800_SWAP2016_SpeciesofGreatestConservationNeedList.pdf 

To prepare a qualifying research report please make sure your report includes the following elements - 
1. Name and general description of the animal species (common and scientific name) including:

• food needs
• water needs
• vegetation cover needs
• space needs
• arrangements of food, water, cover that are particular to the animal for it to successfully live

and reproduce

2. Current conditions of the animal’s habitat - this can be based on your research at a study site and
from other existing information using the same items in #1. The report can include information
how much riparian habitat loss/fragmentation is occurring, why is fragmentation happening (land
use, invasive species, water management/dams, pollution) and the impact on the Species of
Greatest Conservation Need.

3. What conservation efforts are needed to improve the habitat conditions for the animal and what
efforts are being done now.

The source materials you can use to prepare the report can include direct research done on field trips 
with your school, research papers by other people and information provided by River Source via wildlife 
cameras and drone imagery.   The Wildlife Study needs to include your name, school name and how to 
contact you if you win (phone and/or email address).   

Please submit the report by this date: April 15, 2019 by emailing the report to “rich@riversource.net” 
and delivering a copy to your teacher.   

         Sponsored by NM Department of Game and Fish Share with Wildlife and River Source.

Appendix 9
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Your Name: _____________________________   

Name of your School: _____________________ Date: _________________ 

Share with Wildlife Riparian Stewards pre/post test 
Please answer the following questions. 

1. What are two reasons that riparian areas are beneficial to wildlife?

2. Provide two ways that riparian zone health affects the quality and quantity
of river water.

Quantity:

Quality: 

3. Sketch a diagram of a riparian zone on the reverse side including the
following components: a stream channel, a floodplain, a vegetated riparian
area on river banks, and upland areas.

4. Name two ways to study wildlife in riparian zones over a long term study
period.

a.

b.

5. Name one best practice for caring for or restoring riparian areas.

Appendix 10



Photopoint Recording Sheet 
Page ____of  ____ 

Site Name: Date of survey: 

Recorder’s name: Photographer’s name: 

Camera description:  

Height from ground to eye of the photographer:   

Declination of compass:  

File image 
number 

Time of day & 
Direction of 

photograph (compass 
bearing) 

Photopoint label/code, height of photo from ground level 
and location description (GPS coordinates and landmarks) 

Photopoint Data 
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