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The Base Activity for the Middle Rio Grande Model 
Description: In a directed class activity, students construct a paper and cloth 

model of a section of the Rio Grande Valley as it was before major 
human intervention, and then manipulate it to demonstrate 
the human-caused changes over the last century. In the context 
RI WRGD\·V ULYHU WKH VWXGHQWV FRQWUDVW WKHGLͿHUHQFHVEHWZHHQ 
PDQDJLQJ WKH ULYHU IRURQO\KXPDQEHQHÀWVDQGPDQDJLQJ WKH 
river with broader objectives of both ecosystem health and human 
needs. They then construct a model of the river of the future using 
those broader objectives. 

Objectives:  Students will: 
• model the conditions of the old river (Rio Bravo); 
• describe the way the river has been significantly altered by 

humans in the last century (Rio Manso); and 
• predict the way the river can be managed to support a healthy 

ecosystem (Rio Nuevo). 
Phenomenon: Giant cottonwood trees create a ribbon of forest along the river, 

but there are very few young trees. 
Lesson Question: 

• Will the river/bosque be the same in the future? 
• Has it always been the way it is now? 

13. Changing River 

Grades: This model can be used with all ages, from kindergarten 
through adult, with discussion geared to the appropriate level. 
The discussion in this write-up is geared for Grades 3–8. 

Time: Initial material preparation: about 30 minutes. Activity: a 
minimum of one hour to assemble the river, learn where the 
components are placed, and summarize how the river changes. 
This activity can be paired with others (“Who Lives Where,” 
“Who Grows Where,” “Cottonwood Creation,” etc.) and can 
take many class periods. 

Subjects: science, social studies, language arts 
Terms: DFHTXLDELRGLYHUVLW\ERVTXHGHFRPSRVHUVÁRRGSXOVHMHWW\MDFNOHYHH 

meander, mosaic, nutrient cycling, oxbow, riparian, riverine, sandbar, 
sapling, seedling, snag 

13.  Changing River



149

R
iver M

od
el A

ctivities 

The Bosque Education Guide 

Materials: 

For assembly: 
• Scissors to cut the pieces 
• Envelopes or plastic sandwich bags to hold the pieces and 

information cards 
• Copy of information cards on pages 184-193 or kit materials from 

workshop 
• Five copies of model components (pages 302–303) or kit materials 

Your class can then make the following sets: 

Before alteration pieces (Rio Bravo): 
100  Cottonwood Seedlings 
20  Cottonwood Saplings 
10  Big Cottonwood Trees 

 100 Cattails 
 5 Sandbars 

5  Grassy Meadows 
15  Native Riparian Shrubs 
15  Upland Shrubs 

New Mexico STEM Ready! / Next Generation Science Standards 
NGSS DCIs and New Mexico State Performance Expectations  
3.LS1.B  Growth & Development of Organisms 
3.LS2.C  Ecosystem Dynamics, Functioning & Resilience 
3.LS4.C  Adaptation 
3.LS4.D  Biodiversity & Humans 
3.ESS3.B  Natural Hazards 
4.ESS2.A  Earth Materials & Systems 
4.ESS3.B  Natural Hazards 
5.ESS3.C  Human Impacts on Earth Systems 
5.ETS2.A (5-SS-1 NM)  Interdependence of Science, Engineering & Technology  
MS.LS2.A  Interdependent Relationships in Ecosystems 
MS.LS2.C  Ecosystem Dynamics, Functioning & Resilience 
MS.LS4.D  Biodiversity & Humans 
MS.ESS2.C  The Roles of Water in Earth’s Surface Processes 
MS.ESS3.A (MS-ESS3-3 NM)  Natural Resources  
MS.ESS3.C (MS-ESS3-3 NM)  Human Impacts on Earth Systems  
MS.ETS2.B (MS-ESS3-3 NM)  Influence of Engineering, Technology & Science on Society & 
the Natural World  
NGSS CCCs 
Patterns; Cause & Effect: Mechanism & Explanation; Scale, Proportion & Quantity; Systems 
& System Models; Energy & Matter: Flows, Cycles & Conservation; Stability & Change 

NGSS SEPs 
Asking Questions & Defining Problems; Developing & Using Models; Constructing 
Explanations & Designing Solutions; Engaging in Argument from Evidence; Obtaining, 
Evaluating & Communicating Information 
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After alteration (Rio Manso):  
 20 Houses 
  -HWW\-DFNV 

30 Exotic Riparian Trees 
10 Snags / Downed Wood 
2 (or more) Irrigation Ditches and Drains (see below) 

 2 Levees 
 10 Agricultural Fields 
 1 Dam 

10 Additional Big Cottonwood Trees 
5 Additional Upland Shrubs 

Restoration pieces (Rio Nuevo): 

 6 Monitoring Plots 

Have students cut out the pieces. Place all of one kind into an envelope 
or sandwich bag and include the information card for that feature. 
Keep the Rio Bravo, Rio Manso, and Rio Nuevo pieces separate. 

Additional model components (by color and/or instruction): 
• One tan, white, or brown blanket, sheet, or large cloth at 

least 6 to 8 feet (2 to 2.4 meters) long for the Rio Grande 
Valley 

• Strips of blue fabric about 6 to 12 inches (15 to 30 cm) wide 
for the river. Length should be about three times the length 
of the valley (blanket, etc., above). You can make long cuts 
lengthwise in the fabric for braids and meanders. Small 
separate pieces can be used to construct oxbows or ponds. 

• Two brown ribbons or thin fabric strips for levees, 8 feet 
(2.4 meters) long each 

• Blue ribbons for ditches or drains, two 8-foot (2.4-meter) 
RQHVDQGRWKHUVKRUWHUOHQJWKVWRUHDFKWRÀHOGVIURPWKH 
river (The activity “Working Water” requires additional 
sizes and colors of ribbons for ditches, drains, etc.) 

• Green and brown construction paper or felt for agricultural 
ÀHOGVYDULRXVVL]HV ORQJQDUURZIRUGLWFKVHUYHGÀHOGV 
rectangular or square in some areas), varying from 2 to 5 
inches (5 to 12.5 cm) 

Note: A chart showing the number of model pieces needed for each river 
scenario follows below. 

Note: Participants attending a Bosque Education Guide workshop receive 
color-coded, laminated model components. Kits can also be created using 
the model component pages in this activity. 
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Photograph courtesy of the 
Friends of the Rio Grande 
Nature Center. 

Background: 

In this activity students construct a model of a section of the Middle Rio Grande 
Valley. Models are tools that help us understand complex systems by simplifying 
their components. We use models to help demonstrate ideas that are not as easy 
to grasp when working with a real ecosystem. 

One way to understand the relationship of the bosque to the Rio Grande is to 
WKLQNDERXWWKH5LR*UDQGHDV´GLͿHUHQWULYHUVµGHSHQGLQJRQWLPH/RQJDJR 
WKH5LR*UDQGHIXQFWLRQHGPXFKGLͿHUHQWO\WKDQLWGRHVWRGD\$OWKRXJKSHRSOH 
have used the river’s water for irrigation for probably thousands of years, they 
did not start capturing the river water behind large dams or changing the river’s 
natural hydrological functions until this past century. In the model we call this 
old river Rio Bravo, which is the historic name for the Rio Grande meaning wild 
or brave—an untamed river. 

In contrast, we call the river that has been highly altered by humans Rio Manso. 
Manso is a Spanish word that means tamed, such as a horse that has been broken 
to riding. For many years, changes were made to the river system with the top 
priority being how the river was serving human society.  Little attention was 
given to the ecosystem and the other animals and plants that depended on this 
important riparian corridor. In 1993, an important document, the Middle Rio Grande 
Ecosystem: Bosque Biological Management Plan, brought a focus on the problems of 
prioritizing river management for human needs only. 

Many projects before the Plan attempted to address biological issues on a small 
scale, and since its publication river managers have been more active in managing 
the river for both human needs and ecosystem health. In our model exercises, 
we call this third river Rio Nuevo—a new river that meets human constraints 
but provides a healthy ecosystem with as many of the Rio Bravo features as can 
be allowed. This river will always be evolving. In actuality, there will always be 
places along the river that are more like Rio Manso and other places that are more 
like Rio Nuevo. When students ask what river we have today, we can tell them 
we have both, depending on the location. 
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“Changing River” Model Pieces 
What to Have on the Model When 
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Cottonwood Seedlings 100 10 75 10  5 40 5  5 

Cottonwood Saplings   20   1 11 10 

Big Cottonwood Trees  10 20 20   1   1 -1   1   1  -3 

Cattails 100   5 73 50 10 5  3 

Sandbars   5   2   5   2  1 

Grassy Meadows   5   1   4  1   2 

Native Riparian Shrubs 15   7 13   2   1  1   2 

Upland Shrubs 15 20 17  -1  -1  -1 

Houses  – 20 19  -1 

Jetty Jacks  – 20 12  -3  -5 

Exotic Riparian Trees  – 30 11  -1  -1 -5  -1 -10  -1 

Snags/Downed Wood  – 10  5  -1 -4 

Irrigation Ditches/Drains  –  2  2 

Levees  –  2  2 

Agricultural Fields  – 10 10 

Dam  –  1  1 

Monitoring Plots  –  –  6 6 

Habitat Restoration Projects (Rio Nuevo) 

Acknowledgements for Revisions Spring 2020 
Funding from  New Mexico Department of Game and Fish, Share With Wildlife Fund 

Writing Group: Letitia Morris, Lisa Ellis, Karen Herzenberg, Stephanie Kircher,   
Molly Madden, Kelly White 
Layout: Laurel Ladwig 
Advisory Group: Selena Connealy, Aryn LaBrake, Heather MacCurdy, Deb Novak,   
-HQQLIHU2ZHQ:KLWH 
Contributors: Reese Bice & Scott Hecker, illustrations; Katie Elder, Matt Schmader 
Reviewers:'HOÀQH%DFD(ULF*UL΀Q$P\*URFKRZVNL&DQG\+RGRED$QL -DPJ\DO 
-RDQ0RUULVRQ9LUJLQLD6HDPVWHU)LDQD6KDSLUR6WRUP8VUH\ 
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Procedure: 

Introduction to “Changing River” Model 

Have students make a KWL chart (see Appendix K). Ask the question: 

What do we Know about the bosque—the area near the river? 
  What do we Want to know about the bosque? 

After the lesson, revisit the chart and ask, What have we Learned about 
the bosque? Remember to come back to the KWL chart frequently to 
show what students have learned and to encourage new questions!   
(Asking Questions & Defining Problems) 

You can also use the lens of Systems to learn about the bosque ecosystem. 
For example, you can look at a cottonwood tree as a system itself, or as 
part of a larger bosque ecosystem. Brainstorm with students: Boundaries, 
components, interactions, inputs and outputs, properties. 

Here are more tips for using a Systems lens: 

1. Look for the bigger picture. 
2. Study systems from multiple perspectives. 
3. Consider the role of short and long time frames. 
6HDUFKIRUFRPSOH[FDXVHDQGHͿHFWUHODWLRQVKLSV 
5. Explore places where systems connect with other systems. 
--WestEd/Making Sense of Science  (Systems & System Models) 

Vocabulary for Introducing Rio Bravo 

bosque: (BOH-skay) Spanish word for “woods”; in the Southwest 
it is used to describe the forest of trees along a river 

riparian: (Latin root means “at a river”) relating to or living or 
located on the bank of a natural fresh watercourse such as a river, 
stream or pond 

oxbow:8VKDSHGULYHUFKDQQHOWKDWKDVEHHQFXWRͿIURPWKHPDLQ 
ÁRZRIDULYHUFDXVLQJDSRQGRUODNHWRIRUP 

meander or bend in the river: the manner in which a river bends 
or curves 

braid in the river: the manner in which a river splits into several 
channels forming islands between the waterways 

seedling: a young plant grown from a seed. Often refers to a tree 
that has germinated or sprouted, but has not reached sapling size; 
(“baby trees”) 

sapling: a young tree, generally taller than 4.5 feet (1.5 meters) 
and less than 4 inches (10 centimeters) in diameter at breast height 
(dbh; “teenage trees”) 

(See Terms for other words to introduce to your students.) 

braid 

oxbow 

meander 
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Rio Bravo 

Rio Manso 

Rio Nuevo 
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Pre-model Discussion Questions 
What is in a bosque? (Water, trees, animals, bugs, soil . . .) 
What animals have you seen in the bosque? 
What is the main native tree in the Rio Grande bosque? (Cottonwood) 

+RZGRHVWKHERVTXHGLͿHUIURPWKHKLJKHUDUHDVXUURXQGLQJWKHERVTXH"$UHWKHVDPH 
plants in the bosque and in the higher areas surrounding the bosque? (Keep in mind that 
cities will water yards and parks in the upland areas, but in natural areas there 
DUHYHU\GLͿHUHQWSODQWVDQGDQLPDOV 

:KDWPDNHVWKHERVTXHGLͿHUHQW" (The water! Get your students to think through 
this, it is a very important concept.) In addition to the river itself, the water table 
is near the surface and many riparian plants can reach down to get water.  (3.LS4.C) 

Cottonwood trees are very important to the bosque. Can anyone tell me how they 
reproduce? What type of seeds do they have? 7KHVHHGVDUHDWWDFKHGWRÁXͿ\FRWWRQDQG 
they are carried by the wind up and down the river. They need special conditions 
in order to sprout: wet soil, an open area with lots of sunlight, and the roots must 
be wet as they grow—during the summer the groundwater drops, and if the roots 
of the sprouted seeds don’t stay wet the seedlings will die). (3.LS1.B) 

)ORRGSODLQVKRZLQJGLͿHUHQWOHYHOVRIVDQGEDUVDORQJWKH5LR*UDQGH 
Photograph by Letitia Morris 
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Section A: Rio Bravo 
Setting Up the Rio Bravo Model 

Initiate the activity by explaining to students that they will be building a 
model of the river and the bosque. 

Lay out the basin (blanket, sheet or other material) with raised edges along 
the two longest (opposite) sides. Since you may want the students walking 
on the model without shoes, suggest they place their shoes under the material 
to create the raised edges (valley); lunch boxes or books work, too. Students 
PD\UDLVHDOOIRXUVLGHVRIWKHEDVLQDWÀUVW7KLVLVDQH[FHOOHQWRSSRUWXQLW\ 
to discuss closed basins and explain that long ago, before the Rio Grande 
was a river, it was a series of lakes in closed basins. Then adjust the model so 
the two shortest sides are not upraised to emphasize that it is now a valley, 
with the river coming in one end and out the other end. 

Place the river down the center of the basin. Explain that since they are 
laying out Rio Bravo, the river should have: 
• large meanders or turns 
• oxbows—old abandoned channels separate from the river that are 

marsh areas (use small pieces of cloth) 
• braids—loop the fabric or make slits in the river material to represented 

the braided river 

Hand out only the Rio Bravo (pre-alteration) envelopes or baggies to the 
students. Teams can be given the larger number of items. 

 $VNVWXGHQWVWRUHDGWKHFDUGDQGÀJXUHRXWZKHUHLQWKHEDVLQWKHLUSLHFHV 
should be placed, and then place them. Pay close attention to the directions 
for each of the items in the bags. 

Go around the class with each student/group discussing why their item 
was placed where it was. Have students use their own words to explain 
their choices. 

Explain that this is what the river was like before humans made changes to 
the river. 
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Essential Rio Bravo Observations 
Have the students describe the landscape they have created. 
(The end result is a mosaic of mini habitats. A grove of old cottonwood trees 
here, a group of teenage trees (saplings) there, and baby trees (seedlings) in 
another spot. There was not a continuous forest of large cottonwoods along the 
ULYHUEXWDSDWFKZRUNRIGLͿHUHQWDJHGVWDQGVRIWUHHV(DFK\HDUWKHULYHUPLJKW 
change course, taking out plants that had been there, but providing new open 
areas for seeds to get established. This mosaic created stability in habitats across 
WKHÁRRGSODLQDQGWKLVVSDWLDOSDWWHUQZDVVWDEOHZKHQFRQVLGHUHGRYHUWLPH 

:KDWUROHGRHVVSULQJUXQRͿSOD\LQWKHHFRV\VWHP" 

(YHU\WKUHHWRÀYH\HDUVWKHULYHUZRXOGÁRRGRYHULWVEDQNVGXHWRKLJKUXQRͿ 
from snow in the mountains. This is called the ÁRRGSXOVH. During overbank 
ÁRRGLQJLQVSULQJULYHUZDWHUVDWXUDWHVWKHEUDQFKHVDQGOHDYHVWKDWKDYHIDOOHQ 
on the ground in the bosque. This wet debris decomposes more quickly than 
dry leaves and sticks. Microscopic organisms such as bacteria and fungi feed on 
the downed material. The dead material is broken down into nutrients used by 
other plants. This is called nutrient cycling. Flooding promotes nutrient cycling. 
)ORRGLQJDOVRVWUXFWXUHVÁRRGSODLQKDELWDWV)RUH[DPSOHLWFUHDWHVZHWDUHDV 
for cottonwood seedlings, deposits nutrient-laden sediment into the forest, and 
may alter the channel of the river.)  (3.LS2.C; MS.LS2.C) 

Rio Bravo Discussion Questions (after model has been laid out by students) 
/RRNIRUSDWWHUQV7KH5LR*UDQGHRQFHH[SHULHQFHGWHPSRUDOSDWWHUQVLQÁRRGLQJ 
WKDWVWUXFWXUHGÁRRGSODLQHFRV\VWHPVDQGGHWHUPLQHGWKHVSHFLHVWKDWVXUYLYHG 
there. Flooding also created spatial patterns in habitats. 

What patterns can you see for Rio Bravo over time (what natural cycles were present 
temporally?) 

/RRNIRUGLͿHUHQWSODQWVOLYLQJLQGLͿHUHQWOHYHOVDORQJWKHULYHUHJXSODQGVKUXEV 
wetlands, etc. 

$UHWKHUHSDWWHUQVRIZKHUHVSHFLHVFDQÀQGWKHULJKWFRQGLWLRQVWRVXUYLYH"(Patterns) 
&RQVLGHUVSHFLÀFSODQWVDQGZKHUHWKH\RFFXUVXFKDVFDWWDLOV 

Where do cattails survive well? Where do they not survive? 
Consider this for other plant species that have been placed on the model. 
(3.LS4.C; MS.LS2.A) 

The Rio Grande was once a dynamic system that changed greatly over time and 
VSDFHZLWKLQWKHÁRRGSODLQ&KDQJHVZHUHPXFKOHVVSUHGLFWDEOHDWDVPDOOVSDWLDO 
or temporal scale, but habitats were predictable when considered over a longer 
WLPHRUODUJHUDUHD/RRNDWWKHFKDQJHVLQKDELWDWVGXHWRÁRRGLQJDQGHURVLRQ 
DQGFRQVLGHUKRZWKHVHDͿHFWRUJDQLVPVOLYLQJLQDJLYHQORFDWLRQ 

What is the natural cycle of the river through time (within a year and across years)? 
Did habitats change naturally? If so how? What caused these changes? 
+RZLVVQRZIDOOLQWKHPRXQWDLQVUHODWHGWRÁRRGLQJLQWKHERVTXH" 

+RZGRHVWKHDPRXQWRIPRXQWDLQVQRZDͿHFWSODQWVDQGDQLPDOVOLYLQJLQ 
WKHÁRRGSODLQ" 
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,QZKDWZD\VGRHVÁRRGLQJVKDSHKDELWDWVLQWKHÁRRGSODLQDORQJ5LR%UDYR" 

+RZPLJKWÁRRGLQJFUHDWHVWDELOLW\RYHUWLPHDQGDFURVVVSDFH" 

+RZGRHVZDWHUUHVWUXFWXUHVHGLPHQWZLWKLQWKHÁRRGSODLQVXFKDVWKHGLVWULEXWLRQ 
of sandbars? 
+RZGRWKHFKDQJHVLQWKHKDELWDWVDͿHFWWKHRUJDQLVPVOLYLQJWKHUH" 
(4.ESS2.A; MS.ESS2.C; Cause & Effect; Scale, Proportion & Quantity; Stability & 
Change) 

7KHDPRXQWRIZDWHUÁRZLQJLQWKHULYHUUHÁHFWVWKHHQHUJ\LQWKHV\VWHPHQHUJ\ 
is the ability to bring about change.  More water in the river means more potential 
to make changes to the system, such as moving sediment, rocks or logs. 

'RHVWKHKLJKYROXPHRIÁRZFDXVHFKDQJHV LQWKHERVTXHHFRV\VWHP",IVR LQ 
what ways? 

Consider both physical changes and changes in the composition of species that are 
present. 

+RZGLGWKHÁRRGSODLQFKDQJHRYHUWLPHSDUWLFXODUO\DVUHODWHVWRHQHUJ\LQSXW" 
(3.LS2.C; Scale, Proportion & Quantity; Energy & Matter) 

At this point, you may want to proceed on to Section B, Transitioning to Rio Manso, or 
\RXPD\ZDQWWRGRWKHÀUVWSDUWVRI́ &RWWRQZRRG&UHDWLRQµ́ :KR/LYHV:KHUH"µ 
“Who Grows Where?,” “Bosque Chaos,” and/or “Changing Fire.” 

Section B: Transitioning to Rio Manso 

Pass out the components for Rio Manso (the changed, tamed or altered river). 
Following the timeline below, have students restructure the river adding 
the new components and taking away older components as indicated by 
the timeline events. (See Appendix D: Human Chronology). Items with a •
give instructions for making changes to the model. This timeline addresses 
the valley between Cochiti Dam and Elephant Butte, so it may need to be 
adapted for other locations. 

cottonwood catkins 
(male, left, and female) 
Photographs by Nolan Hester 
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Going from Rio Bravo to Rio Manso: Timeline for the Historical Rio Grande 

Let us take a moment to recognize that we are on the land of the Indigenous People of 
the Tiwan Province—the Tiwa-speaking (TEE-wan/TEE-wa) people who live here today 
and who have lived here for many centuries. 

2,000 years before present: The earliest horticulture was practiced here in the Rio 
Grande Valley. People mainly planted seeds along upper canyons and washes 
and relied on rain to provide moisture for plant growth. 

•DGGRQHVPDOODJULFXOWXUDOÀHOG 

AD 500-900: Semi-permanent small villages of pithouses were settled along the 
Rio Grande; the main agricultural crop was corn. 

• add one pueblo-style house 

AD 1275–1300: A major drought struck across the Southwest and many areas 
without permanent water were abandoned. Because of its reliable water, the Rio 
Grande became a focus for settlement. The population of the valley increased 
and pueblos made of adobe were built on both sides of the river. The people 
grew corn, beans, squash and cotton. 

• add another pueblo-type house 

•SODFHDIHZDJULFXOWXUDOÀHOGV 

AD 1540-1598: First European explorers reached central New Mexico; Pueblo 
cultures were greatly impacted and had to change to meet these new cultural 
challenges. 

1600s: The Pueblo people were consolidated into a few villages; the abandoned 
areas were readily colonized as ranchos by Spanish settlers. 

• add four more houses along the river 

1706: Albuquerque was founded as a villa real, or royally recognized town. 

/DUJHÁRRGVRFFXUUHG LQ 
DQG7KHUHKDGEHHQRYHUJUD]LQJLQWKHKLOOVZDWHUVSHGRͿWKHODQG 
WRWKHYDOOH\7KHUHZHUHIHZSODQWVWRKROGWKHVRLODQGVORZWKHÁRZRIZDWHU 
6HGLPHQWVÀOOHGWKHULYHUFKDQQHO7KHZDWHUWDEOHRIWKHYDOOH\ZDVYHU\KLJK 
ZLWKVWDQGLQJZDWHU³ÀHOGVZHUHÁRRGHGDQGGLGQRWGUDLQ 

1885: A dike was built to protect “New Town,” Albuquerque’s downtown area 
where the new railroad had just been built. There was a lake in Los Ranchos for 
a month, but the soil was left enriched. 

•DGGÀYHPRUHKRXVHV 

• (option) use levee material doubled up to build “small dike” 

1925: The Middle Rio Grande Conservancy District was formed to provide 
LUULJDWLRQGUDLQDJHDQGÁRRGFRQWUROIRUWKHYDOOH\'HHSGLWFKHVFDOOHGGUDLQV 
RUFOHDUGLWFKHVZHUHEXLOWWRUHPRYHVWDQGLQJZDWHUIURPIDUPÀHOGV/HYHHV 
ZHUH EXLOW IRU ÁRRG FRQWURO DQG GLWFKHV WR GHOLYHU ZDWHU FDOOHG DFHTXLDV 
(a-SAY-kee-uz), were improved. 
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• place levees along each side of the river on the model. 

What happens to the river channel when levees are added? (The river was straightened 
and narrowed; see diagram earlier in activity.) 

What happens to the marshes when the drains are installed? (Drains are used to lower 
WKHZDWHUWDEOHWRGHFUHDVHZDWHUORJJLQJRIIDUPÀHOGV 

• add the longest “drains” just outside of the levees 

• remove about 95 cattails (leave 5) showing a decrease in marsh areas 

•DGGPRUHDJULFXOWXUDOÀHOGV 

1930s to 1990s: exotic saltcedar/tamarisk spreads through the valley. Saltcedar 
and Russian olive were introduced in the late 1800s as ornamental plants and 
to help drain water from marshy areas. 

• add exotic riparian trees 

1941: The levee was breached for the last time that century, and there were two 
months of standing water in town. If you walk between the levee and the river 
at the Rio Grande Nature Center State Park, many of the cottonwood trees you 
VHHVSURXWHGGXULQJWKDWÁRRG\HDU 

7KHUHZHUHPDMRUHͿRUWVWRFRQWUROWKHULYHUDIWHU:RUOG:DU,,7KHOHYHHV 
were improved and many “Kellner” jetty jacks were installed to protect the 
levees. 

• add jetty jacks to protect the levees and keep the river in its channel 

• add the rest of the houses 

•UHPRYHDERXWVHHGOLQJV OHDYHVLQFHODFNRIÁRRGLQJPHDQVUHGXFHG 
natural regeneration; leave remaining seedlings on sandbars and immediately 
adjacent to river 

&RFKLWL'DPZDVFRPSOHWHGDQGEHJDQÀOOLQJ:KDWHͿHFWGRHVDGDPKDYH 
on a river? 7KLVHOLPLQDWHGÁRRGLQJUHGXFHGVHGLPHQWVDQGDQGVWUDLJKWHQHG 
the river channel.) 

• add a dam at the up-river end of the model 

• replace 19 cottonwood saplings with 10 additional mature cottonwood trees 
to show that no new tree recruitment is going on, but the trees in place are 
getting older 

• remove three sandbars to show that Cochiti Dam traps sediment. The water 
ÁRZLQJWKURXJKLVFOHDUXQWLOLWSLFNVXSVHGLPHQWIURPWKHFKDQQHOGRZQVWUHDP 
This sediment scours the channel and decreases sandbar formation. 

Some of the gradual changes since 1975: 

•DGGWKHEXUQHGVQDJVWKHUHDUHPRUHÀUHVZLWKPRUHSHRSOHOLYLQJLQWKHYDOOH\ 

•DGGÀYHPRUHXSODQGVKUXEVLQWRWKHULSDULDQDUHDEHFDXVHWKHZDWHUWDEOH 
is dropping and the bosque is losing its hydrological connection with the river 
allowing plants tolerant to drier conditions to become established. 
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Students should have made the following changes to the model: 

• The number of cattails has decreased, since slow or standing water is harder to 
ÀQGRFFDVLRQDOO\IRXQGQHDUWKHVLGHVRIVDQGEDUV 

• The river is relatively straight. Curves are there, but no large meanders, oxbows, 
etc. Sandbars are still present, but braiding is greatly reduced. 

• The river channel is narrower. 

• There are levees on each side of the river channel. (There should be only a few 
inches between each levee and the riverbank.) 

• There are jetty jacks between the river and levees. 

• Irrigation ditches provide water to the valley. 

• The majority of the mature cottonwood trees are between the riverbank and the 
levees. Some large trees can still be found elsewhere in the valley. 

• The number of cottonwood seedlings and saplings has decreased. Seedlings 
can be on sandbars, but are frequently washed out, so rarely reach sapling size. 

• There is a reduction in native shrubs and an increase in exotic shrubs; these are 
found primarily in the strip of land between the river and the levees. 

• There are clumps of snags or burned trees within the bosque from human-caused 
ZLOGÀUHVH[RWLFVKUXEVDUHRIWHQXQGHUQHDWKWKHVHVQDJV 

• There should be a dam across the upper edge of the valley from upland to upland. 

Rio Manso Discussion Questions 
&RQVLGHUKRZ WKHÁRRGSODLQ HQYLURQPHQWKDELWDWV FKDQJHEHWZHHQ 5LR %UDYR 
and Rio Manso (and Rio Nuevo after the next section). Humans have caused these 
FKDQJHVE\LQWHUUXSWLQJWKHDQQXDOÁRRGF\FOHLQVWDOOLQJGUDLQVHWF 

:KDWKDVFKDQJHGDERXWHDFKKDELWDWDQGKRZGRWKRVHFKDQJHVDͿHFWWKHVSHFLHV 
that survive there? 
What kinds of habitats were available in Rio Bravo that are less available in Rio 
Manso? 
Which plant species are able to survive well, less well, or not at all? 
What will eventually happen to the cottonwood trees if there are not enough new 
seedlings to take their place? 
How do changes favor saltcedar over cottonwoods? 
/RRNIRUXSODQGVKUXEVPRYLQJLQWRWKHÁRRGSODLQZK\DUHWKH\WKHUH" 

Do you think the same animal species can live along both river systems? Which 
species might or might not survive? 
(3.LS2.C; 3.LS4.C; 3.LS4.D; MS.LS2.A; MS.LS2.C) 

+XPDQVHWWOHPHQWZLWKLQWKHÁRRGSODLQPHDQWWKDWWKHQDWXUDOSURFHVVRIÁRRGLQJ 
EHFDPHDQDWXUDOKD]DUGWKDWDͿHFWHGKXPDQFRPPXQLWLHV 

+RZZHUHKXPDQVDͿHFWHGE\QDWXUDOK\GURORJLFDOSURFHVVHVDORQJWKH5LR*UDQGH" 

+RZGLGKXPDQVUHGXFHWKHLPSDFWRIÁRRGLQJ":KDWKDYHKXPDQVGRQHWRSURWHFW 
WKHLUWRZQVDQGFLWLHVIURPÁRRGV"(3.ESS3.B; 4.ESS3.B) 
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:KDW DUH WKH HͿHFWV RI WKHVH KXPDQ DFWLYLWLHV RQ QDWLYH SODQWV DQG DQLPDOV" 
(5.ESS3.C; MS.LS4.D; MS.ESS3.C) 

&RQVLGHUDJDLQWKHQDWXUDOG\QDPLFQDWXUHRIWKHULYHUDQGÁRRGSODLQFKDQJLQJLQ 
time and space, and the impact of human alterations on this ever-changing system. 
+XPDQVKDYHQRWRQO\UHGXFHGWKHSHDNVSULQJÁRZVEXWKDYHLQFUHDVHGWKHVXPPHU 
ÁRZVDVZDWHULVDSSRUWLRQHGWKURXJKRXWWKHLUULJDWLRQVHDVRQ 

How have humans changed the dynamic cycle of the river? 
Do these changes promote stability in the system overall? 
(Patterns; Stability & Change)  

Many of the changes that have occurred along the river are irreversible. For example, 
it will be impossible to eradicate all of the introduced plants, and some species are 
now extinct and can never come back, such as the Shovelnose sturgeon. We can’t 
OHWWKHULYHUUXQZLOGDVLWGLGEHIRUHEHFDXVHLWZRXOGÁRRGSHRSOHLQSODFHVVXFK 
as Alameda, Corrales, Old Town and downtown Albuquerque. 

Do you think anything can be done to make Rio Manso more like Rio Bravo? 
Let students brainstorm. This is a lead into the next step: transforming the 
river to Rio Nuevo. 

Consider the system from an engineering point of view: 
How have we kept the river from destroying our communities in high water? 
:KDWDVSHFWVRIWKHHQJLQHHULQJVROXWLRQVWRÁRRGLQJDQGWRDJULFXOWXUDOQHHGVKDYH 
KDGQHJDWLYHHͿHFWVRQWKHVSHFLHVLQWKHHFRV\VWHPWKDWZHUHQRWNQRZQDWWKHWLPH 
of construction?  (Asking Questions & Defining Problems)  

At this point, you may want to proceed on to Section C, Transitioning to Rio Nuevo, 
or you may want to continue Rio Manso-related activities: “Cottonwood Creation,” 
“Who Lives Where?,” “Who Grows Where?,” “Working Water,” “Bosque Chaos,” 
and/or “Changing Fire.” 

Section C: Transitioning to Rio Nuevo 

7RGD\·VODQGPDQDJHUVNQRZPRUHDERXWWKHSRWHQWLDOO\QHJDWLYHHͿHFWVRIWKH 
major projects installed along the Rio Grande in the 20th century than did earlier 
managers. They are now taking measures to ensure the maintenance of a variety 
of habitats that will provide appropriate places for the natural biodiversity of the 
valley and improve the situation for some endangered and threatened species. 

Let’s think about ways to make Rio Manso more like Rio Bravo. Encourage 
students to come up with original ideas and make changes to the model. 
7KLVLVDJRRGRSSRUWXQLW\WRIRFXVRQGHÀQLQJHQJLQHHULQJSUREOHPVUHODWHG 
to restoration. For example, &DQZHWKLQNRISURMHFWVWKDWZLOOKHOSWRUHVWRUHWKH 
river and bosque to the way it was in Rio Bravo? 

  How can we create more wetland habitat for bosque species?  
  How might we help establish new cottonwood trees and other native plants? 
  +RZPLJKWZHGHFUHDVHWKHULVNRIÀUH" 
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  Encourage students to come up with original ideas and make a list. They 
PD\PDNHWKRVHFKDQJHVWRWKHPRGHORUÀQGVLPLODUSURMHFWVRQWKHFDUGV 
to help them make changes.   
(5.ESS3.C; MS.ESS3.C; Asking Questions & Defining Problems) 

Next, divide students into nine teams based on the Rio Nuevo Habitat 
Restoration Project cards (one per team). Look at the cards for ideas of 
additional projects they might implement and make those changes on the 
model. (Another option is to have the class work as a group on each project. 
This works particularly well with small class sizes.) 

Have each team tell the class what their project was and what changes they 
made on the model. Explain that we call this new river, in which humans 
are trying to restore characteristics of Rio Bravo within existing constraints, 
Rio Nuevo. 

You might share the story of an actual restoration project, “Bulldozers in 
the Bosque” (page 160), to discuss a real-world project, the Albuquerque 
2YHUEDQN3URMHFWDQGLWVHͿHFWV 

Rio Nuevo Discussion Questions 
$VNWKHVWXGHQWVWRH[SODLQWKHGLͿHUHQFHVEHWZHHQ5LR1XHYRDQG5LR0DQVR)RU 
example, Rio Nuevo has 

• more natural river features, such as meanders, oxbows and braids 

• more opportunity for the next generation of cottonwood trees to germinate 

• fewer exotic species 
Today’s river has elements of both Rio Bravo and Rio Manso. 
Ask students to give examples of aspects of each river that can be found in Rio Nuevo: 
Rio Bravo: pole plantings (saplings), fewer exotics, constructed wetlands, etc. 
Rio Manso: levees, jetty jacks, Russian olive trees, saltcedar stands, etc. 

Look at the Changing River model to consider changes to the physical valley 
including sandbars and the river channel. 

How has the physical landscape changed across Rio Bravo, Rio Manso and Rio 
1XHYRDQGKRZGRWKRVHSK\VLFDOFKDQJHVDͿHFWWKHVSHFLHVOLYLQJWKHUH"Compare 
the shape of the river channel in Rio Bravo, Rio Manso and Rio Nuevo. 
(4.ESS2.A; Patterns) 

Drought is now more frequent in the Southwest due to climate change. Note that 
cottonwoods are susceptible to drought and the resulting lower water table. Mature 
cottonwoods will die if the water table drops below 3 meters/10 feet. Trees combat 
climate change by taking in carbon dioxide (CO2), a powerful greenhouse gas, 
GXULQJSKRWRV\QWKHVLV6RKXPDQDFWLYLW\WKDWDͿHFWVFRWWRQZRRGVLQWKHERVTXH 
DͿHFWVFOLPDWHFKDQJH 

+RZGRHVGURXJKWDͿHFWFRWWRQZRRGV" 
What do cottonwoods need to survive? 
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What role do cottonwoods and other trees play in protecting us against climate 
change? 
(3.LS2.C; 3.LS4.C; 5.ESS3.C; MS.LS2.C; MS.ESS3.A) 

At this point you may want to continue with model activities “Cottonwood 
Creation,” “Who Lives Where?,” “Who Grows Where?,” “Bosque Chaos,” and/ 
or “Changing Fire” that have Rio Nuevo sections. 

Assessments: 

• Revisit the KWL charts, focusing on what students have learned.   
What have we Learned about the bosque? 

• Write a Claim, Evidence, Reasoning statement about: 
Ь 7KHHͿHFWRIÁRRGLQJRQWKHERVTXH 
Ь 7KHHͿHFWWKDWKXPDQDOWHUDWLRQVKDYHRQQDWXUDOÁRRGLQJDQG 

KRZWKLVKDVDͿHFWHGWKHGLVWULEXWLRQRIÁRRGSODLQKDELWDWVDORQJ 
Rio Manso. 

Ь 7KHHͿHFWRIGDPVOHYHHVMHWW\MDFNVRQWKHULYHUERVTXHRUÁRRGSODLQ 
Ь The role that land managers can play in restoring the health of 

ÁRRGSODLQHFRV\VWHPVDORQJ5LR1XHYR 
Ь How to improve conditions for endangered species. 
Ь 7KHHͿHFWRIFOLPDWHFKDQJHRQGURXJKWDQGH[WUHPHSUHFLSLWDWLRQ 

HYHQWVLQWKHUHJLRQDQGKRZWKRVHDͿHFWWKHERVTXH 
Ь &KDQJHVLQWKHKDELWDWVDORQJWKHULYHUDͿHFWWKHV\VWHP·VDELOLW\WR 

ZLWKVWDQGÁRRGLQJ:LWKFXUUHQWFKDQJHVWRWKHÁRRGSODLQFRXOG 
WKHV\VWHPZLWKVWDQGÁRRGLQJDIWHUDQH[WUHPHUDLQIDOOHYHQW" 
(MS.ETS2.B; Cause and Effect; Stability & Change; Constructing Explanations 
& Designing Solutions; Engaging in Argument from Evidence) 

• Devise a design solution about how to improve habitat in the bosque, 
WKHULYHURUWKHÁRRGSODLQ(Constructing Explanations & Designing Solutions) 

Unit-Level Assessments: 

• Build Models: After building the class model of the bosque ecosystem, 
students can make their own model illustrating the three rivers over 
time, or some particular aspect of the river. This could be done at the 
end of each section (Rio Bravo, etc.) or after all three rivers have been 
completed. They can draw on paper or white board, make a 3-D model, 
video or photos, etc.  (Developing & Using Models) 

• 7RFHOHEUDWHÀQLVKLQJWKH5LYHURI&KDQJHXQLWKDYHVWXGHQWVGHFRUDWH 
WKUHHFDNHVIRUWKHWKUHHGLͿHUHQWULYHUPRGHOVWKH\VWXGLHG0DWHULDOV 
WKUHHVKHHWFDNHVZLWKSODLQLFLQJVTXHH]HLFLQJLQGLͿHUHQWFRORUV 
Divide class into three teams, assign each team either Rio Bravo, Rio 
Manso, or Rio Nuevo. Have them decorate their cake appropriately. 
A spokesperson for each team then tells the rest of the class what they 
put on their river model. Then have a party and eat the cakes! 
(Developing & Using Models) 
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• Writing:+DYHVWXGHQWVZULWHDERXWWKHGLͿHUHQFHVEHWZHHQWKHULYHUV 
what changes have occurred and what is being done to protect and 
UHVWRUHWKHHFRV\VWHPWRGD\:ULWHOHWWHUVÁ\HUVSRVWHUVRUERRNVWR 
show learning about human impact design problems, i.e., reducing 
the number of jetty jacks; cleaning water from/in the river.  (Obtaining, 
Evaluating & Communicating Information; ELA/Common Core standards) 

Book Writing (ELA Standards) 
After students have participated in the Changing River model, they have the 
experience and information to write a book. There are many Common Core 
English Language Arts Standards that will be addressed in this activity. Use a 
children’s book to follow as a template. A wonderful example is $ 5LYHU 5DQ 
Wild by Lynne Cherry. This beautifully illustrated book describes the changes 
over centuries that occurred to the Nashua River in New Hampshire and 
Massachusetts. After reading the book several times, use the format to write 
a new book about the Rio Grande, incorporating the information from the 
Changing River activities. Write and rewrite the new book as a group, then print 
the text on multiple pages with room for the students to illustrate. The format 
used by Cherry includes very detailed illustrations and this could inspire all 
students to draw and label plants and animals of the Rio Grande. 

1RUWK $PHULFDQ 3RUFXSLQH 
Illustration by Reese Bice 
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Suggested Adaptations: 

• Do a felt-board example of the basic items that are part of the bosque—a 
river, cottonwood trees, sandbar, etc. before working with the model of the 
river. Place a Velcro dot on some River Model pieces for use on the felt board. 

• What animals live in the valley? Think of the needs of ducks and cranes they 
PLJKWVHHDORQJWKHULYHU³ZKDWGRWKH\ÀQGLQWKHYDOOH\WKDWWKH\QHHG" 

• Discuss what trees need in order to live: sunlight, carbon dioxide, soil 
nutrients and water. We provide water for the trees at school and home. 
In the bosque tree roots must reach the water in the ground. 

• Research: Have the students research the animals that live in the bosque. 
Put together a book or poster about the animals. Use these projects to teach 
younger students. 

• Have older students learn the “Changing River” activity and then teach 
younger students using the model. 

• Reduce the number of plant pieces by half to reduce visible clutter. 
• Cut out and sort model pieces and label bags. Place pieces on the model 

in the proper locations. 
• 7HDFK WKH QDPHV DVVRFLDWHG ZLWK GLͿHUHQW PRGHO SLHFHV DVVRFLDWH WKH 

V\PEROZLWKOLYLQJSODQWVRQDÀHOGWULSDFWLYLW\ 
• Introduce the model cards before activity (what do students know before?) 

Review before resuming activity (what do students remember?) Review 
after activity (what did students learn?) 

• Use repetition and repetitive patterns to support reading in this activity. 
• Use cumulative patterns. For example: How many mature cottonwood 

trees do we have? How many do we need to play this activity? How many 
cottonwood saplings were burned? 

• Create a chart of burned and removed plants (math component). 
• Place a frame to isolate parts of the activity while in process. Ask groups 

to describe what is happening in that section. 
• Have students think up alliterations about the activity such as, “How much 

wood would a woodchuck chuck, if a woodchuck could chuck wood?” Or 
something using rhythm such as a chant indicated by S-shaped movement 
XVLQJKDQGVPLPLFNLQJWKHGLUHFWLRQDOÁRZRIWKHZDWHU FKDQJHWHQVHVWR 
LQGLFDWHWLPH´DQGWKH5LR%UDYRÁRZHGRQDQGRQµ´DQGWKH5LR 
0DQVRÁRZVRQDQGRQµ´DQGWKH5LR1XHYRZLOOÁRZRQDQGRQµ 
Think of rhymes. 

• Conduct oral or brief written assessment using Hansen’s Comprehension 
Questions (from Freeman & Freeman, “Teaching Reading in a Multilingual 
Classrooms”):  
1) What do you remember? 
2) What else would you like to know? 
3) What does it remind you of? 
4) What other things have you read that it reminds you of? 
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Extensions: 

• 8QWLOUHODWLYHO\UHFHQWO\ÁRRGLQJLQWKH5LR*UDQGH9DOOH\ZDVDFRPPRQ 
and often devastating occurrence for human settlements. The math 
worksheet “How Long Ago?” (page 187) will help students realize that 
ÁRRGVRFFXUUHGLQWKH$OEXTXHUTXHUHJLRQLQWKHQRWWRRGLVWDQWSDVW0DNH 
a copy of the worksheet for each student. Have students subtract the year 
for each event listed from the current year to determine how long ago these 
ÁRRGVRFFXUUHG 

• Have students pay attention to the news for items related to the bosque 
and the river. There are many issues that regularly appear in the news: 
endangered species, water planning/water sources, fires, clean-up 
activities, etc. Post newspaper items in the classroom; have students report 
on the news they have heard to the rest of the class. 

• /RRNDWGLͿHUHQWtime windows on the river—Rio Bravo, Rio Manso and 
Rio Nuevo. How has the volume and energy of the water in the river changed 
RYHUWKHVHWLPHV":KHUHKDVWKHZDWHUJRQH"+RZKDVLWVÁRZFKDQJHG":KDW 
HͿHFWGRHVWKDWKDYHRQWKHVWUXFWXUHDQGIXQFWLRQLQJRIWKHÁRRGSODLQHFRV\VWHPV" 
(Scale, Proportion & Quantity; Stability & Change) 

• There are numerous topics available for students to research further. 
For example, students can investigate how changes to the natural 
river system, such as the installation of dams and levees and the 
ORZHULQJ RI WKH ZDWHU WDEOH DͿHFW WKH GLVWULEXWLRQ RI KDELWDWV DFURVV  
WKH ÁRRGSODLQ (YDOXDWH WKH LPSRUWDQFHRI ÁRRGLQJ LQPDLQWDLQLQJ WKH 
diversity of habitats, and the impact of human changes on the system. 
6KDUH WKHVH LGHDV RUDOO\ RU E\ ZULWLQJ OHWWHUV Á\HUV SRVWHUV RU ERRNV 
(Obtaining, Evaluating & Communicating Information) 

• Student research: Consider conservation and restoration. How can humans 
ensure the energy and matter needs of native species into the future? What is needed 
to understand the requirements of native species?  (Energy & Matter) 
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NGSS Connections to Changing River - Disciplinary Core Ideas 
3.LS1.B Growth and Development of Organisms  Reproduction is essential to the continued existence 
of every kind of organism. Plants and animals have unique and diverse life cycles. 
Cottonwood trees are very important to the bosque. In this activity we focus on three life stages of 
cottonwoods and the conditions they need in each. See also “Cottonwood Creation.” 
How do cottonwoods reproduce? What type of seeds do they have? 
What conditions do cottonwoods need to get started growing (germinate)? 
How do they manage to survive to old age? 
3.LS2.C Ecosystem Dynamics, Functioning and Resilience When the environment changes in ways 
that affect a place’s physical characteristics, temperature, or availability of resources, some organisms  
survive and reproduce, others move to new locations, yet others move into the transformed environment, 
and some die. 
Rio Bravo: In the prehistoric era, noticeable changes occur across the seasons. One example is the impact 
RIKLJKZDWHURQWKHHFRV\VWHP&RWWRQZRRGVJHUPLQDWHRQZHWVRLOH[SRVHGDVWKHÁRRGZDWHUVUHFHGH 
:KDWLVWKHUROHRIWKHDQQXDOVSULQJUXQRͿÁRRGSXOVHLQWKLVHFRV\VWHP" 
Does the high water cause changes in the bosque ecosystem? If so, in what ways? Consider both physical changes 
and changes in the composition of species that are present. 
Think about what changes are tolerated and what are not. 
$QH[DPSOHLVSODQWVWKDWWROHUDWHÁRRGLQJ:LOORZVEHQGLQKLJKULYHUÁRZDQGVWUDLJKWHQERXQFHEDFN 
once the water recedes. Cottonwood bark can withstand logs running into it in high water. 
Rio Manso and current conditions: Over the last century humans have made many changes to the river, 
VXFKDVEXLOGLQJOHYHHVGDPVDQGDJULFXOWXUDOGLYHUVLRQVWKDWKDYHLQWHUUXSWHGWKHDQQXDOÁRRGF\FOH 
and resulted in changes to the bosque ecosystem. 
Compare Rio Bravo to Rio Manso. 
/RRNDWLQWURGXFHGVSHFLHVVXFKDVVDOWFHGDUDQGWKHHͿHFWRQQDWLYHFRWWRQZRRGV 
/RRNIRUXSODQGVKUXEVPRYLQJLQWRWKHÁRRGSODLQ³ZK\DUHWKH\WKHUH" 
5LR1XHYR/DQGPDQDJHUVWRGD\KDYHWKHUHVXOWVRIVFLHQWLÀFUHVHDUFKWRKHOSWKHPUHIRFXVWKHLUZRUN 
to keep as many aspects of Rio Bravo as possible in future river management projects. 
Compare Rio Nuevo to Rio Manso and Rio Bravo, what aspects of each do you see? 
There are future concerns such as more frequent drought in the Southwest due to climate change. 
Land managers and engineers have to be creative in providing conditions for long-term survival 
of cottonwoods. Cottonwoods are susceptible to drought and resulting lower water table (Mature 
cottonwoods will die if water table drops below 3 meters/10 feet.) 
What do cottonwoods need to survive? 
3.LS4.C Adaptation For any particular environment, some kinds of organisms survive well, some survive 
less well, and some cannot survive at all. 
&RPSDUHVSHFLHVLQGLͿHUHQWHQYLURQPHQWVKDELWDWVGXULQJHDFKWLPHSHULRG5LR%UDYRWR5LR0DQVR 
to Rio Nuevo. Illustrate the conditions that are changing between environments—species may survive 
well, less well or not survive. 
What species are in each category? Examples—cattails survive well in wetlands, not in the river itself—they 
are adapted to shallow water, and places that are wet most of the year. Saltcedar survives well under 
Rio Manso conditions. 
Look at other categories of plant species on the model—native riparian shrubs, cottonwoods, upland 
shrubs, exotic riparian trees and what conditions they are adapted to do well in.  
+RZGRHVFKDQJLQJWKHKDELWDWDͿHFWWKHVSHFLHVWKDWOLYHWKHUH" 
What kinds of habitats were available in Rio Bravo that are less available in Rio Manso? 
Which species are able to survive well, less well, or not at all as the habitat changes? 
:KDWGRFRWWRQZRRGVQHHGWRVXUYLYH"$UHWKHVHFRQGLWLRQVDYDLODEOHLQ5LR0DQVR" 
3.LS4.D Biodiversity and Humans Populations live in a variety of habitats, and change in those habitats 
affects the organisms living there. 
6WDUWE\ORRNLQJDWWKHFKDQJHVLQKDELWDWVLQ5LR%UDYRGXHWRÁRRGLQJ&KDQJHZDVDQRUPDOSDUWRIWKLV 
system: the river may change its channel and sweep away plants in one area, but leave its old channel 
as a wetland where other species will thrive.  
Then contrast how humans cause changes to bosque habitats. Native organisms are less-well suited 
to these changes. 
+RZGRWKHKXPDQFDXVHGFKDQJHVWRERVTXHKDELWDWVDͿHFWWKHRUJDQLVPVOLYLQJWKHUH" 
3.ESS3.B Natural Hazards  A variety of natural hazards result from natural processes. Humans cannot 
eliminate natural hazards but can take steps to reduce their impacts. 
)ORRGLQJLVDQDWXUDOSDUWRIWKH5LR*UDQGHDQGÁRRGSODLQHFRV\VWHPV(ͿRUWVWRFRQWUROÁRRGLQJKDV 
DOORZHGKXPDQVWRVHWWOHLQWKHÁRRGSODLQEXWKDVKDGQHJDWLYHLPSDFWVRQQDWXUDOHFRV\VWHPV 
What type of natural hazard occurred along the river before humans made changes? 
:KDWHͿHFWGRHVÁRRGLQJKDYHRQWKHHFRV\VWHPDQGRQWKHFRPPXQLWLHVKXPDQVEXLOGDORQJDULYHU" 
,QZKDWZD\VGLGKXPDQVUHGXFHWKHLPSDFWRIÁRRGLQJRQKXPDQVHWWOHPHQWV" 
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4.ESS2.A Earth Materials and Systems  Rainfall helps to shape the land and affects the types of living 
things found in a region. Water, ice, wind, living organisms, and gravity break rocks, soils, and sediments 
into smaller particles and move them around. 
:DWHUSOD\VDQLPSRUWDQWUROHLQFUHDWLQJÁRRGSODLQHFRV\VWHPV8QGHUQDWXUDOFRQGLWLRQVWKHÁRRGSODLQ 
is constantly changing from the forces of river water. For example, the active channel moves, sandbars 
DUHFUHDWHGRUZDVKHGDZD\DQGVHGLPHQWLVGHSRVLWHGLQWKHIRUHVW7KHVHFKDQJHVDͿHFWWKHRUJDQLVPV 
living there. 
Look at the Changing River model with a view to the river channel, the sandbars and the physical 
valley; list the changes that occur both within each time period and between Rio Bravo, Rio Manso, 
and Rio Nuevo. 
$ORQJ5LR%UDYRLQZKDWZD\VGRHVZDWHUFKDQJHKDELWDWVLQWKHÁRRGSODLQ" 
+RZGRSK\VLFDOFKDUDFWHULVWLFVDQGRUJDQLVPVLQÁRRGSODLQHFRV\VWHPVFKDQJHDVDUHVXOWRIÁRRGVDORQJWKHULYHU" 
4.ESS3.B Natural Hazards  A variety of natural hazards result from natural processes. Humans cannot 
eliminate natural hazards (e.g., earthquakes, tsunamis, volcanic eruptions). Humans cannot eliminate the 
hazards but can take steps to reduce their impacts. 
)ORRGLQJLVDQDWXUDOSDUWRIWKH5LR*UDQGHDQGÁRRGSODLQHFRV\VWHPV (ͿRUWVWRFRQWUROÁRRGLQJ 
KDYHDOORZHGKXPDQVWRVHWWOHLQWKHÁRRGSODLQEXWKDYHKDGQHJDWLYHLPSDFWVRQQDWXUDOHFRV\VWHPV 
What type of natural hazard occurred along the river before humans made changes? 
:KDWHͿHFWGRHVÁRRGLQJKDYHRQWKHHFRV\VWHPDQGRQWKHFRPPXQLWLHVKXPDQVEXLOGDORQJDULYHU" 
,QZKDWZD\VGLGKXPDQVUHGXFHWKHLPSDFWRIÁRRGLQJRQKXPDQVHWWOHPHQWV" 
5.ESS3.C Human Impacts on Earth Systems  Human activities in agriculture, industry, and everyday life 
have had major effects on the land, vegetation, streams, ocean, air and even outer space. But individuals 
and communities are doing things to help protect Earth’s resources and environments. 
Humans have made many changes to the river valley and the river channel, and these human alterations 
KDYHFKDQJHGWKHG\QDPLFQDWXUHRIWKH5LR*UDQGHÁRRGSODLQDQGDOWHUHGPDQ\DVSHFWVRIQDWXUDO 
habitats (changing from Rio Bravo to Rio Manso).  In Rio Nuevo, students learn how humans are able 
WRPDNHQHZFKDQJHVWKDWKHOSUHVWRUHVRPHFRPSRQHQWVRIQDWXUDOÁRRGSODLQHFRV\VWHPV 
What changes did humans make along the Rio Grande to promote agriculture and allow settlement along the 
ÁRRGSODLQ" 
+RZGLG WKRVHKXPDQDOWHUDWLRQVDͿHFW WKHERVTXHDQGKRZFRXOG WKH\EHPRGLÀHGWRDOORZDPRUHQDWXUDO 
dynamic system? 
:KDWDUHWKHHͿHFWVRQQDWLYHVSHFLHVIURPWKHVHKXPDQDFWLYLWLHV" 
How can we decrease the number of species that are threatened or endangered? 
New Mexico Specific Standards 
Because these performance expectations are unique to New Mexico, we present the PEs as well as the 
supporting DCIs, CCCs and SEPs that can be addressed by the River of Change activities. 
Performance Expectation 
5-SS-1 NM.  Communicate information gathered from books, reliable media, or outside sources, that  
describes how a variety of scientists and engineers across New Mexico have improved existing technologies, 

MS.LS2.A Interdependent Relationships in Ecosystems 
-Organisms and populations of organisms, are dependent on their environmental interactions both with other living things and 
with nonliving factors. 
-In any ecosystem, organisms and populations with similar requirements for food, water, oxygen or other resources may compete 
with each other for limited resources, access to which consequently constrains their growth and reproduction. 
-Growth of organisms and population increases are limited by access to resources. 
After building the Rio Bravo model, pose this question: How are cottonwoods dependent on other living things as well as nonliving 
parts of the ecosystem? Some of these are demonstrated in the model. (Cottonwoods need clear/unshaded, sandy, wet areas 
to germinate.) 
After converting the model to Rio Manso, pose the question: What plant species might be competing for resources? (Compare 
cottonwood and saltcedar.) What resources are now limited in the Rio Manso time? (Flooding is rare, and wetlands are reduced.) 
:KDWVSHFLHVDUHDͿHFWHGE\WKLVOLPLWHGUHVRXUFH" 
MS.LS2.C Ecosystem Dynamics, Functioning & Resilience 
--Ecosystems are dynamic in nature; their characteristics can vary over time. Disruptions to any physical or biological component 
of an ecosystem can lead to shifts in all its populations. 
--Biodiversity describes the variety of species found in Earth’s terrestrial and oceanic ecosystems. The completeness or integrity of an ecosystem’s 
biodiversity is often used as a measure of its health. 
<RXFDQÀUVt look at seasonal changes to the river in Rio Bravo. :KDWLVWKHLPSDFWRIKLJKVSULQJUXQRͿZDWHULQWKLVHFRV\VWHPRQ 
GLͿHUHQWSODQWVSHFLHV" Then make the Rio Manso changes to the model. What physical changes have humans made to the ecosystem? 
&RQVLGHUWKHHͿHFWVRISK\VLFDOFKDQJHVRQQDWLYHVSHFLHVDPRXQWRIZDWHULQWKHULYHU³ZDWHUOHYHOFKDQJHVWKURXJKWKH 
year, wetland and side channel changes, change in sediment size, sandbars, etc.) There are now introduced species such as 
saltcedar. :KDWHͿHFWVGRHVVDOWFHGDUKDYHRQRWKHUSRSXODWLRQV"There are future concerns such as more frequent drought in the 
Southwest due to climate change. Land managers and engineers have to be creative in providing conditions for long-term 
survival of cottonwoods. Cottonwoods are susceptible to drought and resulting lower water table (Mature cottonwoods will 
die if water table drops below 3 meters/10 feet.) What do cottonwoods need to survive? 
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MS.LS4.D Biodiversity & Humans Changes in biodiversity can influence human’s resources, such as food, 
energy, and medicines, as well as ecosystem services that humans rely on—for example, water purification 
and recycling. 
+RZGRWKHKXPDQFDXVHGFKDQJHVWRERVTXHKDELWDWVDͿHFWWKHRUJDQLVPVOLYLQJWKHUH":KDWYDOXHFDQSHRSOHSXWRQ 
WKHERVTXH":KDWEHQHÀWGRHVWKHERVTXHJLYHWRKXPDQV"0RQHWDU\VSLULWXDOHFRORJLFDOPHQWDOHWF« 
MS.ESS2.C The Roles of Water in Earth’s Surface Processes Water continually cycles among land, ocean, 
and atmosphere via transpiration, condensation, and crystallization, and precipitation, as well as downhill 
flows on land. 
-Global movements of water and its changes in form are propelled by sunlight and gravity. 
-Water’s movement on land cause weathering and erosion, which change the land’s surface features. 
7KHKLJKZDWHUÁRZVLQVSULQJPRYHVHGLPHQWDQGFKDQJHIHDWXUHVRIWKHULYHUFKDQQHODQGÁRRGSODLQ 
7KHVHFKDQJHVFUHDWHDQGGHVWUR\KDELWDWVZLWKLQWKHÁRRGSODLQHFRV\VWHPVHDVRQDOO\DQGRYHUWKH\HDUV 
Water is vital in creating riparian habitats. Focus on water moving sediment here. How does the river change 
the features of the river ecosystem? 
MS.ESS3.A Natural Resources Humans depend on Earth’s land, ocean, atmosphere, and biosphere 
for many different resources. Minerals, fresh water, and biosphere resources are limited, and many are not 
renewable or replaceable over human lifetimes. These resources are distributed unevenly around the planet 
as a result of past geologic processes. 
Water is a critical resource for people living in the arid Southwest. Look where cities and towns are located; the 
source of water is vital to their community’s survival. The Rio Grande provides water for many communities 
in New Mexico. There are a variety of projects designed to help provide water to users along the Rio Grande. 
Use any of these prompts after the “Changing River” activity for further research: 
Ã6DQ-XDQ&KDPDSURMHFW 
· Irrigation dams 
· Flood control dams 
· Irrigation systems—acequias, and irrigation districts 
· If all the upstream users take as much water as they can, what is left downstream? 
· Climate change is expected to reduce the snowpack in the mountains that feed the Rio Grande. What 
LPSDFWZLOOWKDWKDYHRQULYHUÁRZLQWKHIXWXUH 
Ã:DWHUTXDOLW\:KDWLVXSVWUHDPRI\RXWKDWPLJKWDͿHFWWKHTXDOLW\RIZDWHUFRPLQJWR\RX":KDWDUH 
ways to clean-up water coming from upstream? 
· The Albuquerque Bernalillo County Water Utility Authority’s 100-year plan for water resource management, 
called “Water 2021.” 
MS.ESS3.C Human Impacts on Earth Systems  
-Human activities have significantly altered the biosphere, sometimes damaging or destroying natural habitats 
and causing the extinction of other species. But changes to Earth’s environments can have different impacts 
(negative and positive) for different living things. 
-Typically, as human populations and per-capita consumption of natural resources increase, so do the negative 
impacts on Earth unless the activities and technologies involved are engineered otherwise. 
-The sustainability of human societies and the biodiversity that supports them requires responsible management 
of natural resources. 
Humans have made many changes to the river valley and the river channel, and these human alterations 
KDYHFKDQJHGWKHG\QDPLFQDWXUHRIWKH5LR*UDQGHÁRRGSODLQDQGDOWHUHGPDQ\DVSHFWVRIQDWXUDOKDELWDWV 
(changing from Rio Bravo to Rio Manso). In Rio Nuevo, students learn how humans are able to make new 
FKDQJHVWKDWKHOSUHVWRUHVRPHRIWKHQDWXUDOÁRRGSODLQHFRV\VWHPV 
:KDWFKDQJHVGLGKXPDQVPDNHDORQJWKH5LR*UDQGHWRSURPRWHDJULFXOWXUHDQGDOORZVHWWOHPHQWDORQJWKHÁRRGSODLQ" 
+RZGLGWKRVHKXPDQDOWHUDWLRQVDͿHFWWKHERVTXHDQGKRZFRXOGWKH\EHPRGLÀHGWRDOORZDPRUHQDWXUDOG\QDPLF 
system? 
:KDWDUHWKHHͿHFWVRQQDWLYHVSHFLHVIURPWKHVHKXPDQDFWLYLWLHV" 
How can we decrease the number of individuals of species that are threatened or endangered? 
/DQGPDQDJHUVDORQJWKH5LR*UDQGHKDYHPDGHDGHÀQLWHVKLIWLQWKHLUSULRULWLHVIRUKRZWKHULYHUDQG 
ÁRRGSODLQDUHXVHGZLWKDJUHDWHUHPSKDVLVQRZRQSURWHFWLQJQDWXUDOELRGLYHUVLW\)ROORZXSDQ\RIWKH 
above activities by considering the following: +RZGR\RXWKLQNWKHELRGLYHUVLW\RIWKHERVTXHDͿHFWV\RX\RXU 
family, your community? 
Is it important to protect the bosque? If so, why? Design a conservation plan for the bosque that will protect 
native plants and animals while also contributing to the well-being of human communities living nearby.   
MS.ETS2.B Influence of Engineering, Technology, and Science on Society and the Natural World  
The uses of technologies and any limitations on their use are driven by individual or societal needs, desires and 
values; by the findings of scientific research; and by differences in such factors as climate, natural resources, 
and economic conditions. 
$IWHU\HDUVRIEXLOGLQJVWUXFWXUHVLQWKH5LR*UDQGHDQGLWVÁRRGSODLQZLWKWKHJRDOVRIUHGXFLQJÁRRGLQJ 
drying out waterlogged soils and delivering water for irrigation, biologists began to see impacts on the 
bosque ecosystem that were not intended or expected. The cottonwood forest corridor of the river was 
getting old, with few seedlings growing to replace them. Fish species like the Rio Grande silvery minnow 
ZHUHQRWÀQGLQJWKHVKDOORZPXGG\EDFNZDWHUDUHDVQHHGHGWROD\WKHLUHJJVDQGSURGXFHVXFFHVVIXOIU\ 
Use any of the following ideas after the “Changing River” activity to explore how New Mexicans have urged 
changes to the management of the river over time and how they are urging preservation of the bosque into 
the future. +RZGRHVWKHSXEOLFLQÁXHQFHLPSDFWWKHPDQDJHPHQWRIWKHERVTXH"+RZKDVWKHPDQDJHPHQWRIWKH 
ERVTXHFKDQJHGIURPWKHHDUO\VWRWRGD\"'HVFULEHZKRKDVLQÁXHQFHGFKDQJHVLQPDQDJHPHQWRYHUWKHVHGHFDGHV" 
List long term impacts of major engineering projects concerning Rio Grande water, including original 
intent and unexpected results. Examples: dams, levees, sewage treatment plants, irrigation, agriculture, 
FLW\ZDWHUXVHVWUDLJKWHQLQJWKHULYHUMHWW\MDFNV6DQ-XDQ&KDPDGLYHUVLRQJURZWKRIFLWLHVSROOXWLRQ 
industry, mining, 
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New Mexico Gartersnake 
observed in the Rio Grande bosque 

Photograph by Brandon Bourassa 
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Rio Bravo Information Cards 

Cottonwood Seedlings — 
“baby” cottonwoods 

(Populus deltoides ssp. wislizeni) 
Small cottonwood trees which have 
just started growing. Generally, 
seedling stems are less than 1 inch 
(2.5 centimeters) in diameter at 
4.5 feet (1.35 meters) from ground 
level. 
Habitat needs: 
• bare, wet soil to germinate 
• open areas where there is a lot of 
sunlight 
• roots must stay in water as the 
water table drops throughout the 
summer 
• grows near water, on 
sandbars, near river’s edge 

Cottonwood Saplings— 
“teenage” cottonwoods 
 (Populus deltoides ssp. wislizeni) 
Small cottonwood trees. Larger 
than 1 inch (2.5 centimeters) in 
diameter and less than 4 inches (10 
centimeters) in diameter at 4.5 feet 
(1.35 meters) above the ground 
level. Habitat needs: 
• roots must reach to water as 
the water drops throughout the 
summer 
• in former high water area—not far 
from riverbank 
• not along the edge of river 

RIO BRAVO RIO BRAVO 

RIO BRAVO RIO BRAVO 

Big Cottonwood Trees— 
“mature” cottonwoods 
 (Populus deltoides ssp. wislizeni) 
Mature Rio Grande cottonwood 
trees can be up to 80 feet (24 
meters) tall with trunks up to 
4 feet (1.2 meters) in diameter. 
Habitat needs: 
• usually not near current river 
channel (trees survived because 
the river changed location after 
the trees were established) 
• in the flood plain, not on valley 
slopes 
• roots must reach to 
permanent water table 

Cattails (Typha sp.) 
These wetland plants represent 
marshes and are important areas 
for wildlife nesting, protection and 
food. Habitat needs: 
• there must be water at the 
surface for most if not all of the 
year 
• often at an oxbow—an old 
channel of the river 
• occasionally on the edges of 
sandbars or the inside curve of 
meanders 
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Student River Activity 

RIO BRAVO RIO BRAVO 

Upland Shrubs 
Upland shrubs grow in dry places 
where the water table does not 
come near the surface. Habitat 
needs: 
• live in higher areas 
• depend on rain for moisture 
• can live on very little water each 
year 
Examples:  fourwing saltbush, 
fringed sage, broom dalea/false 
indigo 

Native Riparian Shrubs 
Native shrubs have lived here for 
thousands of years. 
Habitat needs: 
• in the flood plain of the river—the 
lowland alongside the river 
• in the shade under old/mature 
cottonwoods 
• sandbars 
Examples: New Mexico privet/ 
New Mexico olive, silverleaf 
buffaloberry, coyote willow 

RIO BRAVO RIO BRAVO 

Rio Bravo Information Cards 

Sandbars 
Sandbars form in areas of the river 
where the water slows. Sediments, 
such as sand, drop out of the 
slowly moving river. Place: 
• in the river channel or along the 
edge of the river 
• lengthwise, with the 
flow of water 
• the narrow end 
points upstream 

Grassy Meadows 
Grasses belong to one of the 
largest families of plants, providing 
food (seeds, leaves, and roots) and 
shelter for many insects, rodents 
and birds. 
• Different species grow in many 
environments from dry uplands to 
wet marshes, in full sunlight or in 
forest shade. 
Examples: saltgrass, blue grama 
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RIO MANSO RIO MANSO 

RIO MANSO RIO MANSO 

Houses 
People moved into the area. 

• place houses where you would 
want to live 

Agricultural Fields 
Include gardens, orchards, cropland 
and pastures. 

• place in the flood plain of the river 

• you may need to clear land for 
your crops 

• orient long, narrow fields with the 
short side next to a ditch 

Irrigation Ditches and Drains 
Irrigation ditches and drains move 
water to agricultural fields and back 
to the river. 

• place drains outside of and parallel 
to the levees 

• irrigation ditches should run from 
the river to the fields 

• remember that water flows 
downhill 

Levees 
A levee is a raised embankment 
running parallel to the river. This 
high berm keeps the river confined 
in high water and protects areas 
beyond from flooding. 

• place parallel along the entire 
length of the river 

• place on both sides of the river 

• narrow and straighten the river — 
confine it to a narrow channel 

Rio Manso Information Cards 
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Student River Activity

RIO MANSO 

RIO MANSO RIO MANSO 

RIO MANSO 

Jetty Jacks 
These are giant metal frames the 
same shape as the pieces in the 
game of jacks—held together by 
thick cables. They were designed 
to protect the levees from being 
washed away by the river. 
The river is narrowed and 
straightened by this process— 
confined to a narrower channel. 
Place: 

• some between the river and the 
levee, on both sides of the river 

• some parallel to the river’s edge 

• some perpendicular to the levee, 
angling downstream 

Exotic Riparian Trees 
Non-native, exotic trees were 
brought here by people; most 
species were introduced in the last 
100 years. 

• place in the flood plain of the 
river—the lowland alongside the 
river 

• may grow in the shade under big 
cottonwoods 

• often grow in openings, such as 
after a fire 

Examples: Russian olive, saltcedar 
or tamarisk, Siberian elm, tree of 
heaven 

Snags / Downed Wood 
Snags are standing dead trees. 
Many are created by fire. Most 
bosque fires are started by 
people, and fires have increased 
since humans settled in the area. 
Downed wood includes fallen 
branches and trees. Although they 
increase the risk of fire, snags and 
downed wood provide habitat for 
many animals. 

• place in bosque between river 
and levee 

Dam 
Place a dam at the upper edge of 
the model 

• it will cross from one edge of the 
flood plain to the other—from 
upland to upland across the river 

• it will totally control the flow of 
the river—water will be released 
under specific conditions 

• catastrophic flood will now be 
controlled—the spring runoff will 
be reduced and the summer flow 
will be increased as water held 
behind the dam in high flow will 
be released in times of lower flow 

Rio Manso Information Cards 



Rio Nuevo Information Card 

Rio Nuevo Model Pieces (make one copy and cut into six plots) 
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Student River Activity 

About the monitoring icon:

The icon used to represent 
monitoring plots is a diagram 
of a study plot from the Bosque 
Ecosystem Monitoring Program 
(BEMP). BEMP is only one kind 
of monitoring study and other 
studies may have different designs. 
BEMP plots are 100 meters by 200 
meters and are oriented lengthwise 
parallel to the river. Each plot 
contains 10 vegetation plots (the 
long rectangles), five groundwater 
wells (circle with an ‘x’), 10 litterfall 
tubs (circle with letter), and 20 
pitfall traps (small squares). The 
plots also have two rain gauges 
and three temperature data 
loggers, but these are not pictured 
on the icon. 

Monitoring Plots 

Resource managers need to monitor 
the results of their actions  and 
monitor the bosque in general 
to understand what changes are 
happening: 

• select sites where you want 
information about what is happening 
in the bosque 

• select some sites that have not 
been disturbed 

• select some sites where restoration 
projects are installed 

RIO NUEVO 
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Overbank Flooding 

During years with a high winter snowpack there will be lots of water melting and flowing down the 
watershed in the spring. Much water will be held in reservoirs for irrigation through the summer, but in 
good years a large flow can be allowed downstream during the normal season for spring runoff. The water 
managers at the Army Corps of Engineers and Bureau of Reclamation can decide to allow for water amounts 
to pass through the dams that will spill over the banks of the river and flood some of the floodplain of the 
Rio Grande. This is called “overbank flooding.”  (The goal is to have standing water in wooded areas within 
the levees. This way the communities outside the levees are protected from flooding.) Overbank flooding 
creates habitat for cottonwood seedling establishment, increases the growth of mature cottonwoods and 
other native riparian plants as well as promoting the natural cycling of nutrients. 
What beneficial changes will there be as the result of this project? 
What habitat components can we replace on the model now? 

• place 10 more cottonwood seedlings on the model; seedlings can be added to sandbars or edges of 
the river or to places that have been cleared of other vegetation 

• place 2 more native riparian shrubs on the edges of the Rio Grande; plants such as willows will grow 
well now 

• remove 1 upland shrub; wetter areas are no longer attracting upland plants 

• if any homes have been placed within the levees, remove these now; floodplains are a silly place to 
build anyway 

• remove 1 snag; with overbank flooding fuels are reduced by faster decomposition and less likely to 
burn with wetter conditions 

• remove 1 exotic tree as conditions are not as optimal for some of these plants 

Rio Nuevo Habitat Restoration Project Cards 

Pole Planting of Cottonwoods 

The numbers of cottonwoods are decreasing along the Rio Grande, because for decades flooding has been 
prevented and natural places for cottonwood establishment are not being created. One way to counteract 
this is to plant cottonwoods. Cottonwoods have an adaptation that land managers can take advantage of: 
a long, young branch of a cottonwood tree (here called a “pole”) can be cut and put in the ground where 
it will send out roots and grow. We can have tall trees quickly, without needing to grow them in a nursery 
from seed. This usually takes a lot of labor, a giant drill to drill a hole down to the water table (remember 
cottonwoods need to have their roots in the water to survive), and very long branches of cottonwood, 
15 - 20 feet long (5 - 6 meters) (and even then, all but a few feet will be buried). The cottonwood pole is 
slipped in the newly drilled hole and dirt is packed in. This is a way to give some cottonwoods a good start, 
but it is expensive, especially if you are looking at miles of river needing more cottonwoods. 
What beneficial changes will there be as the result of this project? 
What habitat components can we replace on the model now? 

• add 10 more cottonwood saplings to the model, making sure you put them close to the river where 
the water table is not too deep 

• add 1 more mature cottonwood tree to symbolize that this project will mean large trees in the future 
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Wetland Construction 

The numbers of marshes and wetlands have been reduced over the last decades. Managers can create new 
ponds and wetlands. Some examples are the ponds at the Rio Grande Nature Center, at the Bosque del 
Apache National Wildlife Refuge, and southeast of the Alameda bridge over the Rio Grande in Albuquerque. 
A different type of wetland is a “constructed wetland” that takes wastewater and sends it through a series 
of small water pools. Each pool is filled with cattails and other plants that clean the water. Constructed 
wetlands can be found at Los Padillas Elementary School in Albuquerque, Sanchez Farm, Bernalillo County 
Open Space, and at Los Ranchos de Albuquerque village center. 
What beneficial changes will there be as the result of this project? 
What habitat components can we replace on the model now? 

• place 50 more cattails on the model in groups representing 10 new constructed wetlands 

•  add 5 cottonwood seedlings (although wetlands are not specifically designed to recruit new 
cottonwoods, they often provide a good site for cottonwoods to reestablish) 

• add 1 native riparian shrub; conditions are better for native plants such as willows 

• remove 1 upland shrub; wetter areas are no longer attracting upland plants 

• remove 1 exotic tree; conditions are not as good for some of these plants 

Fuel-wood Reduction 

In earlier years, the overbank flooding that would occur every few years would saturate the branches and 
leaves that had fallen on the ground in the bosque. By being wet, they would decompose more quickly than 
they have in recent decades. Microscopic organisms such as bacteria and fungi break down plant material 
into nutrients that can be used by other plants; this is called nutrient cycling. Prior to the regulation of the 
river, the cottonwood forest did not burn as hot as it does today—sometimes it was so wet that fuel wood 
on the ground decomposed fairly quickly. Since the elimination of overbank flooding after large dams were 
constructed on the river, fuel wood has built up on the floor of the cottonwood forests and everything is 
much drier. Fires spread very quickly once they get started and generally burn hotter and longer in the same 
area. Most fires are caused by careless people, and there are many more people living in the valley today. The 
fires burn far and wide. One way to reduce the destructiveness of fire in the bosque is to clean the area of 
downed trees and branches—reducing the fuels that create destructive fires. Teams of volunteers can haul 
away branches and sticks. Some snags and downed wood are left for wildlife habitat. 
What beneficial changes will there be as the result of this project? 
What habitat components can we replace on the model now? 

• remove 4 snags; as we control the fuel in the forest, fires will be smaller and less severe. Some snags will 
be left for wildlife habitat. 

• remove 5 exotic trees; many of the excess trees removed in these projects are non-natives 

• add 1 native riparian shrub; while removing exotic and upland plants we are making room for native 
riparian shrubs 

• add 1 grassy meadow; fuel breaks create more grasslands 

• remove 1 mature cottonwood; sometimes we do need to cut some cottonwoods down to make an 
effective fuel break 

Rio Nuevo Habitat Restoration Project Cards 
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Creation of Secondary Channels 

The river used to have many channels as it flowed down the valley. Some would only have water in them 
during the spring runoff, but this was enough for cottonwoods to get a good start. In some areas, the easiest 
way for cottonwoods to get established is for us to help out nature a little. In places where the banks are just 
too high, managers can take in a bulldozer, lower the bank, and create a small side channel where water 
will flow some times of the year. Cottonwoods and native shrubs such as willow can get established here. 
Sediment removed from the banks can be returned to the river, creating new sandbars and improving Rio 
Grande silvery minnow habitat. Examples of this are on the west bank of the river south of Bridge Street 
in Albuquerque (the Albuquerque Overbank Project) and the silvery minnow channel near Rio Grande 
Nature Center State Park. 
What beneficial changes will there be as the result of this project? 
What habitat components can we replace on the model now? 

• remove 3 jetty jacks; removal clears a path for the channel 

• remove 1 exotic riparian tree 

• add 40 cottonwood seedlings; these projects are prime habitat for germinating cottonwoods 

• add 1 mature cottonwood tree to represent the future forest 

• add 10 cattails to show more wetlands being developed 

• add 2 sandbars below the project site, created by sediment moved by the earth work 

• add 2 native riparian shrubs: birds like Southwestern Willow Flycatchers need thickets of willows to 
nest; these thickets have been rare for many years, and now more are being created 

• remove 1 upland shrub because the habitat no longer provides the dry conditions these plants need 

Removal of Exotic Species 

Many agencies and landowners are involved in reducing the number of introduced species such as saltcedar (also 
known as tamarisk, Tamarix chinensis), Russian olive (Elaeagnus angustifolia) and Siberian elm (Ulmus pumila) in 
the bosque. These exotic shrubs and trees have increased, in general, because human-caused changes in the 
river valley provide favorable conditions for them to grow. Saltcedar thrived, especially in the lower Middle Rio 
Grande Valley. Saltcedar trees flower and produce seeds throughout the growing season; their reproduction is 
not restricted to spring/early summer as are native cottonwoods. When bare ground is colonized late in summer 
by saltcedar, it will not be bare in the spring when cottonwoods are sending out seeds. Both Russian olive and 
Siberian elm can sprout in shaded areas, under the canopy of the cottonwoods and are becoming very common 
in the bosque. Entire food chains depend on the cottonwood trees of the bosque. As cottonwoods are crowded 
out by introduced species such as these, the entire ecosystem is affected and fewer native species thrive. 

Large saltcedar removal efforts have been undertaken at the Bosque del Apache National Wildlife Refuge. They 
have experimented with different procedures to effectively keep the saltcedar from returning. Santa Ana Pueblo 
has also undertaken major projects to restore the bosque to its previous native-species-only state. The bosque 
near Tingley Beach in Albuquerque is a showplace contrasting a restored area to the invaded area. This work can 
range from volunteers cutting down and removing exotic trees to the use of large equipment for bulldozing and 
repeated rootplowing, sometimes using herbicides to reduce their reoccurrence. Now tamarisk beetles are also 
helping to reduce saltcedar numbers. In some areas, saltcedar is left as habitat for endangered Southwestern 
Willow Flycatchers. 
What beneficial changes will there be as the result of this project? 
What habitat components can we replace on the model now? 

• remove 10 exotic riparian trees; 11 are left to provide habitat 

• add 2 grassy meadows; removing exotic species provides space for more grasslands 

• add 1 mature cottonwood; exotic species are removed and there is room for our native trees 

Rio Nuevo Habitat Restoration Project Cards 
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Water Conservation 

The amount of water that is used by people along the river has an impact on the health of the bosque 
and river life. Pumping more water than is replenished through infiltration each year causes the water 
table to drop; plants that depend on groundwater can no longer reach their roots to that depth and die. 
When the water table is lowered, more river water will soak down into the ground, leaving less flow on the 
surface — less water for all of the users who need water. Some New Mexico communities use river water 
for their household water supply. The more water taken from the river, the less is available for the plants 
and animals that have evolved to depend on that water. Though some water will be returned to the river 
after passing through a sewage treatment facility, much is used, evaporates, or returns to groundwater. 
The City of Albuquerque had used only groundwater for its water supply for many decades, though they 
owned the rights to Rio Grande water, referred to as surface water. As the population increased and water 
use increased, the City now removes and cleans Rio Grande water and includes it in its water supply. Water 
is returned, but the flow level in the Rio Grande is reduced, affecting life below the pull-out area. We can 
lessen the need to lower the flow of the Rio Grande by reducing the water we use: plant low-water use 
landscaping, install rain barrels and low-flow toilets, turn off the water while brushing your teeth, take shorter 
showers, etc. Now that Albuquerque is using river water, the aquifer below the City is actually recharging. 
What changes will there be as a result of this water conservation project? 
What habitat components can we replace on the model now? 

• add 5 cottonwood seedlings; with more water in the river, more places can flood and start new trees, 
and seedlings can be added to sandbars or edges of the river 

• add 5 cattails; more water in the river means more wetlands 

Jetty Jack Removal 

The Kellner jetty jacks were placed up and down the river, starting in the 1950s, to straighten the river and 
protect the levees. The jacks slow the flow of water so that sediment drops out and builds up and eventually 
plants can grow. This helps keep the bank of the river in one place.The straighter and narrower channel helps 
the water flow downstream more quickly. The jacks also help to protect the levees. Today, the riverbanks 
and levees are quite stable. Now the jacks are seen as a danger to emergency vehicles moving through 
during a fire, possibly blocking escape routes. Several management agencies are removing jacks from the 
bosque. Managers now realize that a stable riverbank does not benefit the bosque;  the river and its banks 
need to be able to move again. In addition to removing the jacks, managers can lower the riverbank in 
certain places to promote flooding and to restore sediment to the river. All of these may improve habitat 
for silvery minnows and other species. 
What beneficial changes will there be as a result of this project? 
What habitat components can we replace on the model now? 

• remove 5 jetty jacks from the model 

• remove 3 mature cottonwood trees as trees sometimes are removed in the process 

• add 5 cottonwood seedlings as the river can meander more and create new sites for cottonwood 
regeneration 

• add 3 cattails as the river can be more braided and provide more wetlands 

• add 2 sandbars below the jetty jack removal project 

• remove 1 exotic tree; exotic trees like Russian olive often grow within the jetty jacks and are removed 
with them 

Rio Nuevo Habitat Restoration Project Cards 
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Monitoring 

An important part of managing the bosque is to understand what is happening to the plants, animals, 
water table and other ecological functions in the bosque. The process of collecting, compiling, and 
analyzing information is called “monitoring.” Monitoring is an essential tool for land managers to 
understand if their actions are making any changes (good or bad) in the ecosystem. Many agencies 
responsible for caring for the river and the bosque collect data on a regular basis. Some schools also 
help collect important data. In addition to measuring the water table, weather factors, and soil factors, 
students also collect information about plants and animals. 
Why is it important to collect information about the bosque over the long term? 
How can this information be used to help manage the bosque? 

• add 6 monitoring plots to the model. Carefully choose places you wish to monitor. You may want 
some sites that have not been disturbed by recent activities. You might also want some sites where 
you have done projects. 

Note: The monitoring icon is an image of a Bosque Ecosystem Monitoring Program (BEMP) plot. These sites are 
scattered throughout the Middle Rio Grande Valley and are generally monitored by students from Grades 2–12. 

Rio Nuevo Habitat Restoration Project Cards 

BEMP students measuring 
depth to groundwater 

Photograph by Lisa Ellis 
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How Long Ago? 

Rio Manso Math Exercise 

When 

1884 

1885 

1904 

1925 

1941 

1957 

1975 

            What 

One of the worst floods in the history of the 

Rio Grande. Alameda Dike is started. Flood is 

kept out of Albuquerque’s Old Town. 

Alameda Dike is improved and flooding of 

New Town is prevented once again. 

Water breaks through a dike. Los Ranchos 

area becomes a lake. 

Standing water is drained and levees to 
control the river are being built. 

Flood waters go over and through the levee. 
Last large crop of cottonwoods gets its start. 

River is made to stay in one channel by 
levees, jetty jacks and natural boundaries. 

Cochiti Dam is finished. No more serious 

floods are likely. 

How long ago? 

This year 

minus: 

    - 1884 

= 

    - 1885 

= 

    - 1904 

= 

    - 1925 

= 

    - 1941 

= 

    - 1957 

= 

    - 1975 

= 



183 

R
iver M

od
el A

ctivities 

The Bosque Education Guide 

Canada Geese on Rio Grande sandbars 
Photograph by Mark Higgins 


