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BEAVER BOT (Not a single robot)
Reimaging landscapes through the engineering lens of beavers
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BEAVER BOT (Not a single robot)

I love this →
BUT not this kind of 
Beaver Bot we are 
talking about

Chen et al, 2022

Reimaging landscapes through the engineering lens of beavers
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BEAVER BOT (Not a single robot)

SUITE OF ROBOTIC TOOLS

1) Habitat mapping (Digital twins)

2) Multi-agent simulation:  Speaking/thinking like a beaver

3) Excavator robot (canals, ponds)

4) Harvester robot (vegetation clearing)

5) Deposition bot  (build derms that are dam-like (BDAs))

I love this →
BUT not this kind of 
Beaver Bot we are 
talking about

Chen et al, 2022

Reimaging landscapes through the engineering lens of beavers
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BEAVER CONSTRUCTS
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Dam: slow velocity, deepen stream
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Pond: protection, food storage

~2m ~100m

BEAVER CONSTRUCTS



M
u

lt
i-

ge
n

er
at

io
n

al
 

Dam: slow velocity, deepen stream

13

Pond: protection, food storage Canals: material transport/foraging

~2m ~100m ~10m

BEAVER CONSTRUCTS
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Lodge: Shelter/ courtship structure

Dam: slow velocity, deepen stream
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Pond: protection, food storage Canals: material transport/foraging

~1m

~2m ~100m ~10m

BEAVER CONSTRUCTS
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Lodge: Shelter/ courtship structure

Dam: slow velocity, deepen stream
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Trails: material transport/foraging 

Pond: protection, food storage Canals: material transport/foraging

~1m ~10m

~2m ~100m ~10m

BEAVER CONSTRUCTS
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Lodge: Shelter/ courtship structure

Dam: slow velocity, deepen stream
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Food cache: foragingTrails: material transport/foraging 

Pond: protection, food storage Canals: material transport/foraging

~1m ~10m

~2m ~100m ~10m

~3m
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Lodge: Shelter/ courtship structure

Dam: slow velocity, deepen stream

Scent Mound: territory
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Food cache: foragingTrails: material transport/foraging 

Pond: protection, food storage Canals: material transport/foraging

~1m ~10m
~3m

~2m ~100m ~10m

~3m
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Lodge: Shelter/ courtship structure

Dam: slow velocity, deepen stream

Scent Mound: territory
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Food cache: foraging

Pond: protection, food storage

~1m
~3m

~2m ~100m

~3m

BEAVER CONSTRUCTS

Trails: material transport/foraging 

~10m

Canals: material transport/foraging

~10m



Dams
Pond
Canals
Trails

100 m

N
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Direction of 
flow

48.692813°, -113.182671°
Arnoux Creek
UAV generated map

A BEAVER DAMMING COMPLEX



A BEAVER DAMMING COMPLEX MULTI-GENERATIONAL GROWTH

2003* 2006* 2009* 2014*

* Satellite images

48.692813°, -113.182671°

2017

Exposed 
water

200 m.

N



A. Near Kotzebue, AK, USA

D. Valle Carabajal, Tierra del Fuego, 
Argentina

F. New Concord, MA, USA

0  175  350   525 ft.

0  60 120 180 ft.

BESPOKE TO LANDSCAPE

Exposed 
water

0    125  250  375 ft.

Gabriel Garon
Landscape Architecture
Harvard GSD



E. Acadia National Park, Maine, USA

G. Löytjärvi, Hämeenlinna, Finland
C. Buford, Colorado, 

USA

BESPOKE TO LANDSCAPE

0   150   300  450 ft.

0   300   600   900 ft.
0   125   250  375 ft.

Exposed 
water

Gabriel Garon
Landscape Architecture
Harvard GSD



Exposed 
water

DYNAMIC ARCHITECTURE
60 m.

• Acadia National Park, Maine, USA 
• Lat. 44.362418, Long. -68.271618
• Years accessed: 1991, 1996, 2011, 2016, 2019, 

2023



HYPOTHESIS – TRAILS & CANALS ARE DECENTRALIZED 
COORDINATION MECHANISMS
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Hypothesized evolution of trails to canals

IF a beaver trail 
system is productive 
(i.e., it connects to 
high quality 
vegetation or other 
aquatic resources), it 
slowly becomes 
reinforced into a canal 
over time.

Hypothesized evolution of trails to canals



CONSTANT CONVERSATION:
DIALOGUE BETWEEN BEAVERS AND LANDSCAPE
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CONSTANT CONVERSATION:
DIALOGUE BETWEEN BEAVERS AND LANDSCAPE
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Beaver to beaver conversation across time:  



CONSTANT CONVERSATION:
DIALOGUE BETWEEN BEAVERS AND LANDSCAPE
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Beaver to beaver conversation across time:  
Trails: Short-term conversation between colony 
members



CONSTANT CONVERSATION:
DIALOGUE BETWEEN BEAVERS AND LANDSCAPE
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Beaver to beaver conversation across time:  
Trails: Short-term conversation between colony 
members
Canals: Long-term conversation across generations and 
colonies



CONSTANT CONVERSATION:
DIALOGUE BETWEEN BEAVERS AND LANDSCAPE
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Beaver to beaver conversation across time:  
Trails: Short-term conversation between colony 
members
Canals: Long-term conversation across generations and 
colonies

Beaver to Environment conversation across time:



CONSTANT CONVERSATION:
DIALOGUE BETWEEN BEAVERS AND LANDSCAPE
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Beaver to beaver conversation across time:  
Trails: Short-term conversation between colony 
members
Canals: Long-term conversation across generations and 
colonies

Beaver to Environment conversation across time:
Primary inputs
1. Flow (When to build)
2. Vegetation (Habitat quality)
3. Water quality



CONSTANT CONVERSATION:
DIALOGUE BETWEEN BEAVERS AND LANDSCAPE
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Beaver to beaver conversation across time:  
Trails: Short-term conversation between colony 
members
Canals: Long-term conversation across generations and 
colonies

Beaver to Environment conversation across time:
Primary inputs
1. Flow (When to build)
2. Vegetation (Habitat quality)
3. Water quality

Secondary inputs
1. Predators



IF we can learn from beavers on how to speak with landscapes, perhaps we 
can, too.

Can we learn the language of architecture?

ARCHITECTURE AS LANGUAGE



Daily 
Activities
- Foraging
- Harvesting
- Building
- Sleeping

Seasonal

Colony cycle

Generational cycles

Winter
-Mating, in lodge

Spring
- Colony 
dispersal

Summer
- Construction 
activities

Fall
- Food 
caching

Established mated pair

Colonize site

Move site

Raise kits

Colonize new site

Move 
site

Raise kits, 
dispersal of 
       sub adults

Recolonize 
old site

Move into a 
location

Modify 
location – 
embed 
memory

Move away

New colony 
moves in

Colony abandons – updating the 
memory of the site

Depleted site 
remains 
abandoned for 
years until 
vegetation 
regrows

New colony 
moves in

MULTI-GENERATIONAL
BUILDERS

INDIVIDUAL ACTIONS OF BEAVERS, 
OVER TIME, GIVE RISE TO SPATIAL 
AND TEMPORAL COMPLEXITY 
UPON THE LANDSCAPE 

LANDSCAPE MODIFICATIONS 
INFORM FUTURE BEAVERS OF 
POTENTAL HABITAT FITNESS OF A 
SITE



MULTI-AGENT SIMULATION
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Seasonality of landscapes

RULES OF BUILDING

• Vegetation gradients
• Flow conditions
• Follow trails, follow canals
• Physical limitations of real 

landscapes
• Gravity, slope, obstacles

DYNAMICS OF LANDSCAPES

• Low flow
• High flow
• Fire/Disaster
• Seasonality
• Variation in materials
• Variation in flow



PROGRAMMING BEAVER BEHAVIOR

Federico Olivia

Postdoctoral Researcher
Multi-agent robotic systems
Civil, Environmental, and Agricultural Robotics 
Lab



SIMULATOR OVERVIEW – HYPOTHESIS TESTING











BEAVERS - SCENARIO B.1

COMMENTS
- eating around the 

source is good (too 
much?)

- exploring
- trail reinforcement 

consequence of 
exploration

- exploiting the river
- less carried by the 

river
- cluttered

(local info)



HYPOTHESIS TESTING IN REALITY
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SANDBOX LANDSCAPES → DIGITAL REPRESENTATIONS OF REAL LANDSCAPES
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4 cm. vertical resolution

DIGITAL TWINS
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Representing real landscapes virtually

Data inputs

- Drone/UAV Imagery
- LIDAR IMAGERY
- Fabricated environments 

(Video games)
- Real environments 

digitally modified
- Satellite imagery *

* 2D Imagery is limited, 3D is preferred

Data source: Kennedy, 2023



CASE STUDY – RUMNEY MARSH

DEGRADED INTERTIDAL ZONE

Lorem ipsum dolor sit amet, consectetur adipiscing elit. 
Pellentesque non nibh et velit molestie vehicula euismod sit 
amet dolor. Nam ornare nisl nibh, vitae congue est pharetra 
bibendum. Mauris nec feugiat velit. Integer eu dui sapien. Orci 
varius natoque penatibus et magnis dis parturient montes, 
nascetur ridiculus mus. Duis fermentum.

Lorem ipsum dolor sit amet, consectetur adipiscing elit. 
Pellentesque non nibh et velit molestie vehicula euismod sit 
amet dolor. Nam ornare nisl nibh, vitae congue est pharetra 
bibendum. Mauris nec feugiat velit. Integer eu dui sapien. Orci 
varius natoque penatibus et magnis dis parturient montes, 
nascetur ridiculus mus. Duis fermentum.
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William Boles – 
Theatre and 
Landscapes
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Multi-bodied partnerships
1. Human Interventions
2. Landscape Robotics

1. Beaver bot
3. Beavers

William Boles – 
Theatre and 
Landscapes
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HUMAN INTERVENTIONS

HUMAN DESIGN TOOLS

1) Planting trees
2) Excavating canals – Tapping into the mechanism of communication of 

beavers
3) Phytoremediation
4) BDAs (with filtration material built in)
5) Community engagement/ enabling community access
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BEAVER BOT: Process driven design

SUITE OF ROBOTIC TOOLS

1) Habitat mapping (Digital twins)

2) Multi-agent simulation:  Speaking/thinking like a beaver

3) Excavator robot (canals, ponds)

4) Harvester robot (vegetation clearing)

5) Deposition bot  (build derms that are dam-like (BDAs))

Reimaging landscapes through the engineering lens of beavers
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BEAVERS

LET BEAVERS BEAVER

If we can restore these landscapes, can 
we invite beavers back in and let  them 
do what they do best?

Photo credit: Timothy G. Lumley
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RUMNEY MARSH
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RUMNEY MARSH
Data source: NOAA





Tree design intervention



Tree design intervention

Canal incisions







NEXT: Introduce 
digital beavers!!
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ONGOING WORK

DEPLOY DIGITAL AGENTS IN 3D 
ENVIRONMENT

Currently, the multi-agent system 
works in 2D; we are building it for 3D 
landscapes.

Test on multiple landscape types and 
compare how Beaver Bot perform 
compared to real ecosystems.

TEST INITIAL DESIGN 
CONDITIONS TO INFORM BEST 
LONG-TERM GOALS

Work with design interventions to 
reimagine landscapes across time to 
make better informed design 
decisions.

MECHANICAL ROBOTS

Designing excavator mechanisms for 
a robotic tool



AUTHOR: Jordan Kennedy

THANK YOU

CONTACT

Jordan@beaverinstitute.org
Jordan_kennedy@gsd.Harvard.edu
Jordan@buffalostone.org

mailto:Jordan@beaverinstitute.org
mailto:Jordan_kennedy@gsd.Harvard.edu
mailto:Jordan@buffalostone.org
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