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PREFACE 

This report is the result of work performed by the authors as part of the requirements for the Arizona State 

University (ASU) Masters in Biomimicry Program. A Genius of Biome report is one in which a particular ecological 

region is examined to identify locally attuned design strategies. The Chihuahuan Desert, spanning parts of New 

Mexico, Texas, and Mexico, is one of the most biologically diverse areas in the world. However, the conditions 

imposed on life in this region are also some of the harshest. In this project, the strategies and mechanisms of 

native organism that have evolved to optimally thrive within these conditions are investigated and 

acknowledged as models for human design. 

THE AGAVE LECHE TEAM  

The project team consisted of the following ASU Biomimicry Masters Candidates: 

 Rebe Feraldi, Environmental Scientist, Life Cycle Assessment Certified Professional (LCACP) 

 Laurin Jones, Historian & Aspiring Ethnobotanist 

 Mehlika Ayla Kiser, PhD Environmental Engineer, PostDoc Biomimicry Scientist 

 Samanath Morgan, Molecular Biologist 

Though there are many indicator species (i.e., species whose presence and condition reflect the surrounding 

environmental conditions of the Chihuahuan Desert, there is a particular shrub that grows ONLY in this desert. 

The lechuguilla (Agave lechuguilla) or “big lettuce” shrub has a distribution that is often used to indicate the 

boundaries of the Chihuahuan Desert (USDA 2018). This spiky plant thrives in the typically rocky and calcareous 

soils of this desert and only flowers once in its long (20+ years) life. Because of its ubiquity and 

representativeness in this area, the project team identifies as “Agave Leche.” Further, the northern border of 

the Chihuahuan Desert (and residence of one of our team members), is Socorro, a name that comes from the 

Spanish Maria del Socorro or ‘to aid,’ ‘succor.’ The team hopes that this Genius of Biome (GoB) project produces 

ideas that may offer aid or “succor” to the process of creating locally attuned human designs. 

  

 

“The answers to our questions are everywhere; we just need to change the lens with which we see the 

world.”-Janine Benyus, Co-founder Biomimicry Institute 

 

 

 
“Not love, not the intense moment of passion, 

Not birth, is as poignant 
As the sudden flash that passes 
Like light reflected in a mirror 

From nature to us” 
 

-Alice Corbin Henderson, New Mexican Poet 
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EXECUTIVE SUMMARY 

CHIHUAHUAN DESERT PHOTO FROM THE CENTER FOR BIOLOGICAL DIVERSITY VIA: 

HTTPS://WWW.BIOLOGICALDIVERSITY.ORG/PROGRAMS/PUBLIC_LANDS/DESERTS/CHIHUAHUAN_DESERT/INDEX.HTML 

 

The Chihuahuan Desert is a challenging place to live, with extreme temperatures, low and 

irregular availability of water, high ultraviolet (UV) radiation, and nutrient-poor soils. Yet, the 

Chihuahuan Desert is recognized as one of the most biodiverse biomes in the world. As we, 

Homo sapiens, move deeper into the 21st century with an ever-increasing population coupled 

with more extreme temperatures, water scarcity, and dwindling resources in many parts of the 

world, we would be wise to quieten our cleverness and learn from the elders that surround us 

– species that have already adapted to these challenges. The species that thrive in the 

Chihuahuan Desert serve as ideal blueprints of solutions for many of the challenges that our 

species face. 

The primary purpose of this report is to highlight adaptations of life in the Chihuahuan Desert 

to the key challenges (abiotic factors) of this biome and then suggest ways that these 

adaptations could be translated into innovative, sustainable designs that solve various human 

challenges. This approach of learning from and emulating nature is known as Biomimicry, and 

the principles and methodology of Biomimicry are described in more detail within the body of 

this document. 

We identified the key challenges of the Chihuahuan Desert as low precipitation, high 

ultraviolet radiation (insolation), low availability of soil nutrients, high variability in temperature, 

geographical isolation, and high soil salinity and alkalinity. After surveying many species in the 

Chihuahuan Desert, we highlight in this report 24 champion species – four for each of the six 

key challenges. For each species, we describe a function the species accomplishes to survive 

a challenge, how the function is performed (biological mechanism), a translation of the 

biological mechanism into written and illustrated design principles, and finally offer a couple of 

conceptual designs based on those design principles. In total, at least over 50 designs are 

proposed – at least eight for each of the aforementioned challenges. 

The offerings of this report can be helpful for people working in any field, as the survival 

strategies and ADPs can be applied in a variety of different ways, ranging from literally to 

metaphorically, for any challenge with a similar context. Ultimately, we hope that anyone who 

reads this report will, when trying to solve a problem, be inspired to ask “What would nature 

do?” and then, seek guidance from the natural world to develop solutions that create 

conditions conducive to life. 
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https://www.biologicaldiversity.org/programs/public_lands/deserts/chihuahuan_desert/index.html
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INTRODUCTION 

The goal of this project is to identify bio-inspired strategies and mechanisms that 1) inspire locally 
attuned infrastructure adaptations in human systems, 2) corporations, businesses, organizations, 
agencies, and other stakeholders can utilize to create products or services conducive to life, 2) can be 
used to develop rainwater collection systems in desert areas, 3) can inspire medical devices or 
innovations, and 4) that can correct for ecological traps in the existing built-environment. In addition to 
benefiting human innovation for humans, the bio-inspired strategies and mechanisms could facilitate 
human creation of more locally attuned designs that are in harmony with the operating conditions of 
that biome—that is, designs that are not only sustainable but perhaps restorative and create conditions 
conducive to life. 

 

 

IMAGE BY WENDY LYNNE LEE AT: HTTP://THEWRENCHPHILOSLEFT.BLOGSPOT.COM 

 

HOW TO USE THIS REPORT 

In studying a specific biome and the champion organisms that have ingeniously adapted to the 

stringent conditions such as are found in the Chihuahuan Desert, we become privy to the amazing 

inner workings of awe-inspiring natural mechanisms, which have paved a very narrow path of surviving 

the greatest of odds to become a deep pattern of evolutionary survival. Recognizing the inherent 

importance of living in harmony with nature rather than indiscriminatorily extracting from the very 

resources we, and all life, depend on has the power to transform our perspectives regarding our place 

within Earth’s systems. Exploring a specific biome offers a deeper connection with and understanding 

of the surprising ways organisms have evolved to survive—that is, by developing strategies and 

mechanisms to optimally adapt within specific contexts and with certain limitations and boundaries.  

As a practice, Biomimicry provides an exciting avenue for humans and nature to evolve together 

productively. With the growing interest in and use of Biomimicry as a tool for human innovation, the field 

grows and evolves and increasingly is inspiring solutions to the pressing set of challenges facing 

humans today. This Genius of Biome (GoB) report provides a deeper look at the adaptive genius of the 

Chihuahuan Desert’s non-human inhabitants. This report is intended as a guide for and/or support of 

any human design or engineering project—from technological, medical, and business challenges to 

sociological or psychological problems  

http://thewrenchphilosleft.blogspot.com/
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BIOMIMICRY DEFINED 

Biomimicry is often referred to as the “conscious emulation of life’s genius” in order to solve human 

design and engineering challenges (Benyus 1997). Biomimicry can occur at several levels: the natural 

form or morphic level, the natural process level (e.g., how something is made or performed), and at 

the natural ecosystem level, which has much to do with the context of how the product fits in and 

interacts with its surroundings. Therefore, another definition used is that Biomimicry is learning from 

and then emulating biological forms, processes, and ecosystems found in nature with the aim of 

creating more innovative and sustainable designs (Baumeister 2014). Biomimicry embodies three 

elements: 1) the ethos element, which states that we must fit in with the rest of nature in order to 

survive (i.e., the ecosystems that support humans); 2) the (re)connect element that refers to humans 

rediscovering their connection with the natural world; and 3) the emulate element, in which nature is 

used as a model, mentor, and measure to solve design challenges. 

Biomimicry can be practiced following one of two primary approaches: the Challenge-to-Biology (C2B) 

model or the Biology-to-Design (B2D) model. The C2B model is used when a specific challenge needs 

to be solved. Here, a team discovers organisms that have already mastered that challenge and then 

translates the relevant mechanisms of those organisms into designs. The second model, B2D, begins 

with an inspirational biological insight that then leads an individual or team to create new designs based 

on that insight.  

Though these models represent two different pathways of the Biomimicry process, they both ultimately 

share the same process components: identifying a function or set of functions, deciphering and 

understanding biological mechanisms, and then translating those biological mechanisms into 

abstracted design principles (ADPs) that may be used as solution or within a set of solutions to a 

human challenge. A function is something an organism does that is of interest to humans and/or that is 

desired in human-made systems, e.g., using solar energy, absorbing fluids, or deflecting pressure. A 

biological mechanism is the way in which an organism accomplishes the function in context.  An ADP is 

a translation of the biological mechanism into design principles that may then be incorporated into a 

design. Both the C2B and B2D pathways hold the goal of deriving ADPs as effective solutions to 

human challenges. 

 

 

 

 

 

 

 

 

 

 (LEFT) THREE PIECES OF BIOMIMICRY APPROACH © BIOMIMICRY 3.8, (MIDDLE) BIOLOGICAL “RESEARCH & DEVELOPMENT” (R&D) 

STANDS THE TEST OF TIME—A COMPARISON TO THE FRACTION OF EARTH’S EXISTENCE IN WHICH HUMANS HAVE PERFORMED R&D; 

(RIGHT) THREE LEVELS AT WHICH THE BIOMIMICRY EMULATE PIECE IS PERFORMED, © BIOMIMICRY 3.8  
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LIFE’S PRINCIPLES  

Another important component of using the Biomimicry approach is to consider how designs that 

incorporate ADPs will adhere to a set of deep patterns developed through nature’s 3.8 billion years of 

research and development. Today, millions of species inhabit the Earth. Biologists have studied the 

characteristics that all, or the vast majority, of these species have in common and the resulting 

identified set of deep patterns are referred to in the field of Biomimicry as "Life's Principles." These 

principles are characteristics exemplified by all successful (read: surviving) Earth species, which is less 

than one of every 100,000 to have ever existed on the planet. Life’s Principles are the characteristics 

that have enabled organisms to survive and thrive over eons and through generation after generation. 

 

 

LIFE’S PRINCIPLES PER BIOMIMICRY 3.8  © BIOMIMICRY 3.8 

 

Examples of Life's Principles are fitting form to function, integrating development with growth, being 

resource efficient, and adapting to changing conditions. If an engineered design truly follows the 

Biomimicry approach and these principles, it is inherently more than 'sustainable'–it “creates conditions 

conducive to life” (Benyus 1997). Because designers and engineers often do not have control over 

what becomes of their innovations, using the Biomimicry approach and adhering to Life's Principles can 

mitigate the risk of misuse of designs, unintended consequences, and extremely damaging outcomes. 
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BIOMES AND GENIUS OF PLACE 

An ecoregion, or biome, is a relatively large unit of land or water body that contains a geographically 

distinct set of organisms, communities, and specific environmental conditions within boundaries that are 

based upon ecological circumstances rather than a stringent delineation. Some of these ecoregions 

harbor various types of organisms that are not found anywhere else in the world.  

A Genius of Place study recognizes and explores a specific ecoregion in order to gain insight and 

inspiration from the adaptations of the organisms that reside there. These adaptations are explored 

using the Biology-to-Design (B2D) model in order to develop design principles for use in human-based 

design challenges. Nature is method, mentor, and measure, and Genius of Place studies enable 

focused study of one ecoregion. The ecoregion in question is the Chihuahuan Desert. Six operating 

conditions were selected that the flora and fauna must exist in, and biological strategies were explored 

before creating ADPs. These ADPs are useful for applying to the design process in order to create 

solutions for human challenges 

 

1. 

 
DIVERSE SUB-REGIONS WITHIN THE CHIHUAHUAN DESERT  

                                                           

1  IMAGE CREDITS: (Top Left) The Chihuahuan Desert and (in the background) Chisos Mountains, Big Bend National Park, Texas, U.S.Gary Retherford—Photo 
Researchers at: https://www.britannica.com/place/Chihuahuan-Desert/media/110969/9393; (Top Right) The Pozas of Cuatro Ciénegas: A Turquoise Oasis in the 
Chihuahuan Desert; Photo: Tommy LaVergne/Rice University; (Bottom Left) Wetland  © Edward Parker / WWF at: 
http://wwf.panda.org/knowledge_hub/where_we_work/chihuahuan_desert/; (Bottom Right) Big Bend reach of the Rio Grande, WWF at: 
https://www.worldwildlife.org/places/chihuahuan-desert. 

https://www.britannica.com/place/Chihuahuan-Desert/media/110969/9393
http://www.nsf.gov/news/mmg/mmg_disp.cfm?med_id=62360&from=mmg
http://www.nsf.gov/news/mmg/mmg_disp.cfm?med_id=62360&from=mmg
http://wwf.panda.org/knowledge_hub/where_we_work/chihuahuan_desert/
https://www.worldwildlife.org/places/chihuahuan-desert


THE GENIUS OF THE CHIHUAHUAN DESERT 

5 

A BRIEF NATURAL HISTORY OF THE CHIHUAHUAN DESERT 

Over the Neogene period and particularly the Pleistocene epoch, climate changes and decreased air 

carbon dioxide (CO2) and temperatures resulted in desertification spreading northward of the Sierra 

Madre Oriental (Scheinvar et al. 2017). Additionally, as the North American Cordilla (the mountain 

chain of the American West) rose during this period, geographical barriers increased aridity and 

allopatric populations, i.e., those geographically isolated and thus unable to interbreed (Feder 2017, 

Mary 2001, Hoelzer 2013). These factors played an important role in the creation of the present 

boundaries of the Chihuahuan Desert, its unique habitat, and the adaptations of the endemic xerics and 

xerocoles, which are native desert plants and animals, respectively (AnimalSake 2018, Scheinvar et al. 

2017). Currently, this ecoregion is referred to as a rain shadow desert because of the two mountain 

chains – the Sierra Madre Oriental and Occidental to the east and west, respectively—that bound it.  

LOCATION 

The Chihuahuan Desert is the largest desert of North America. It stretches across approximately 

450,000 km2 (173,000 mi2), which is an area greater than the Mojave, Great Basin, and Colorado 

Deserts combined.  Most of the Chihuahuan Desert sits in Mexico, encompassing the Mexican states of 

Chihuahuan, Coahuila, northeast Durango, southwestern Nuevo Leon, and San Luis Potosi, as well as 

western Texas and Southern New Mexico in the United States.  

 

 

APPROXIMATE GEOGRAPHIC EXTENT OF THE CHIHUAHUAN DESERT IN GRAY (SOURCE: MOORE 2015) 
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CLIMATE 

To understand the climate of the Chihuahuan Desert ecoregion, we first look to the overall biome 

characteristics of the North American Southwest. One of the primary characteristics of this biome is 

high temperatures. The Earth’s equatorial regions receive the highest levels of solar radiation and thus 

air is warmer over this region. The warm air from the equatorial regions rises and releases precipitation 

that creates rain forests near the equator. Then, this air dries out as it moves toward the northern 

hemisphere. At approximately 30 degrees latitude, the air begins to sink and warm, supplying hot, dry 

air to the surface of the Earth at these latitudes. This ring-patterned circulation of air is known as the 

Hadley Cell and also occurs toward the Southern hemisphere; this pattern explains why many of 

Earth’s deserts are located at these latitudes. 

 

 

HADLEY CELL DEPICTIONS SHOWING GENERAL CIRCULATORY PATTERN (RIGHT) AND WARMING OF THE NORTH AMERICAN SOUTHWEST 

(LEFT); (SOURCE: PIANA (2018) AND © THOMAS HIGHER EDUCATION)  

 

 

The Chihuahuan Desert is defined as a Temperate to Tropical-Transition Warm Desert Scrubland and 

has been classified as a hot desert with a winter dry season (Morafka 1977).  This desert has an 

average annual temperature of 19.2 °C (66.2 °F), with an average range of 16 to 22 °C (60. to 72 °F).  

However, the variability of climate across seasons is great, with temperatures reaching 35 to 40 °C (95 

to 104 °F) during the summer and falling below freezing most winter nights. 
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LONG-TERM MONTHLY PRECIPITATION AVERAGES FOR THE CHIHUAHUAN DESERT RANGELAND PER UNM 2017.  

 

The annual precipitation average is less than 254 mm (10 inches) in most areas of this desert and 

approximately 54% of the total average annual precipitation falls within three months of the year; that is 

July, August, and September referred to as “monsoon season” (UNM 2017). The monsoons are caused 

by moist air from the Gulf of Mexico (moving from the east toward the west) that penetrates the region 

(UNM 2011). This area also has decadal drought cycles. Per Nored 2012, “frequency analysis indicates 

that severe droughts occur at least once every century with an approximate average of 60 to 80 years 

between them.”  

Other climatic factors of the Chihuahuan Desert include an average percent relative humidity of 50%, 

average solar radiation of 500+ cal/cm2, and high winds (Morafka 1977).  The wind direction during 

summer is typically from the Southeast and East and during winter is from the North, Southwest, and 

Southeast. In addition to and because of prolonged drought in this area, there are natural fire 

disturbances from lightning, usually before the summer monsoons. 

TOPOGRAPHY 

The Chihuahuan Desert is bounded by two mountain chains – the Sierra Madre Oriental and the Sierra 

Madre Occidental to the East and West, respectively. Most of the northern and central desert floor lies 

above 1,000 meters (3,280 ft) and below 1,500 m (4,920 ft). In the southern regions, the desert floor 

climbs to 1,500 to 1,800 m (4,920 to 5,900 ft) in elevation. Mountain ranges within the desert generally 

are 500 to 1,000 m (1,640 to 3,280 ft) above the valley floor, resulting in ridges ranging from 2,000 to 

3,000 m (6,560 to 9,850 ft) in elevation. 

The desert has an arid topography and is essentially a karst – a landscape underlain by limestone that 

has been eroded by dissolution, producing caverns, ridges, towers, fissures, dunes, and other 

characteristic landforms.  The desert lacks stable stream channels, lakes, or external drainage, and has 

instead ephemeral lakes.  The soils of the Chihuahuan Desert are high in minerals and include alkaline 

gypsum sands, desert pavements, caliches, gray and red desert soils, and clay silts (Morafka 1977). 
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GEOGRAPHIC ISOLATION OF THE CHIHUAHUAN DESERT VIA MOUNTAIN RANGES; IMAGE FROM CREATIVE COMMONS VIA 

HTTPS://EN.WIKIPEDIA.ORG/WIKI/SIERRA_MADRE_OCCIDENTAL. 

 

FLORA AND FAUNA 

The World Wildlife Fund (WWF) Global 200 describes the Chihuahuan Desert as one of the “most 

outstanding and representative areas of biodiversity in the world” (WWF 2018a). Despite the numerous 

abiotic stressors and harsh conditions, this desert is one of the most biologically diverse ecoregions on 

Earth. Part of the biodiversity can be explained by the fact that this area is a rain shadow desert, 

bounded by the Sierra Madre Oriental and the Sierra Madre Occidental mountain ranges. These natural 

boundaries create a unique ecoregion that, as mentioned, includes many geographical features, such 

as mountains, playas, grasslands, woodlands, gypsiferous dunes, lava malpais.  

However, the timing and levels of precipitation are considered the primary drivers for ecosystem 

community dynamics, as the resulting variability in microbial responses has great influence over 

nutrient availability for the local flora. Per Ladwig 2014, “small rain events with shallow infiltration 

stimulate soil microorganisms while plants respond to deeper infiltration following larger precipitation 

events.” Per Havstad et al. 2006, these dynamics mean that two primary types of plant species have 

evolved to utilize such a two-layer water system (i.e., shallow- and deep-soil water pools).  

It follows that the two primary types of plants thriving in this desert are shallow-rooted grasses, and 

deep-rooted woody plants. Much of the Chihuahuan Desert is xeric shrubland exhibiting Creosote and 

ocotillos (both with shallow tap roots), agave (a shallow rhizomic rooting succulent), and mesquite 

(shrubby trees with deeper roots). These plants are indicator species throughout the ecoregion. 

https://en.wikipedia.org/wiki/Sierra_Madre_Occidental
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However, as mentioned, the various geographic elevations support other species such as in the Juniper 

savannah (woody shrubs with both shallow and deep roots), pinyon-juniper woodlands (trees with 

deeper roots and lateral taproots), and coniferous forest (with widely spread root systems). 

Contrastingly, this desert also contains some of the most important riparian regions of the Rio-Grand 

Corridor.  

Not all but many plants of this ecoregion have evolved to use Crassulacean Acid Metabolism (CAM) 

photosynthesis in response to the present abiotic conditions. The Benson-Calvin cycle, a.k.a. Calvin 

cycle is the general chemical process that occurs in all plants during photosynthesis. In this cycle, 

plants leaf pores, a.k.a. stomata open during photorespiration, which allows plant moisture to escape. 

The plants utilize light energy to reduce atmospheric CO2 diffused through the stomata to carbohydrate 

sugars. This cycle describes the primary mechanism of what are collectively referred to as C3 plants, 

so named for the 3-carbon molecule that is produced from the Calvin cycle, 3-phosphoglyceric acid 

(Schlesinger & Bernhardt 2013). In C3 plants, atmospheric CO2 diffuses directly into the plants’ bundle 

sheath cells.  

The CAM method of fixing carbon is a modification to this process in which CO2 diffuses first through 

mesophyll cells at night. The mesophyll cells contain enzymes much more efficient than those found in 

the bundle sheath cells at binding CO2. This extra step allows the plants to capture CO2 without 

stomatal opening during the day, which minimizes plant moisture loss under dry and hot conditions. 

The CO2 is then stored to be processed via the conventional Calvin cycle, which requires light energy, 

during the day. Plants that use the CAM process are also referred to as C4 plants because the initial 4-

carbon compound that is formed in the mesophyll cells, oxaloacetate (Schlesinger & Bernhardt 2013). 

Both cycles are dependent on light availability and air CO2 concentrations. The C3 mechanism is more 

primitive. The C4 pathway is evolutionarily younger and evolved in plants as a response to climatic 

periods of low CO2 and dry conditions.   

Because of the numerous types of isolated topographical environs, each area contains a variety of 

niche opportunist species with a limited range. This ecoregion contains multiple species of flora and 

fauna; in fact, there are approximately 3,500 plant species, 1,000 of which are endemic. Endemic 

species number up to 1,000 (29%) and include succulents (e.g., barrel and prickly pear cactus), insects 

(e.g., butterflies, harvester ants), scorpions, reptiles (e.g., long-nosed leopard and greater earless 

lizards, Western diamondback rattlesnake, gopher snake), amphibians (e.g., Spadefoot Toad), rodents 

(e.g., prairie dogs), birds (e.g., red-tailed hawks, roadrunners, turkey vultures), and mammals (e.g., kit 

fox, bobcat, coyote, mule deer, pronghorn sheep, Mexican grey wolf) (WWF 2018a). Interestingly, one 

of the largest colony of bees, are endemic to this area. A variety of other vertebrate and many 

invertebrates species live in this desert.  

The Chihuahuan Desert is a beautiful place to live, to visit, and to enjoy hiking, ballooning, bird 

watching, and simply the overall stark beauty of the desert. However, because its beauty and climate 

have attracted so many, much of the Chihuahuan Desert ecoregion has been severely altered and is 

considered highly disturbed. Habitat loss from livestock grazing, agricultural activities, urbanization, 

resource extraction, and misuse of resources, such as over-allocation of freshwater, exacerbates the 

stressors to local organisms, leading to a great deal of threatened species. 
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KEY OPERATING CONDITIONS 

Several key operating conditions define the character and life of the Chihuahuan Desert: precipitation, 

humidity, UV radiation, temperature and its variability, soil quality, topography, wind, and available 

resources and nutrients. 

 

TABLE 1. KEY OPERATING CONDITIONS IN THE CHIHUAHUAN DESERT 

 

Precipitation 

 Range of 150 to 400 mm (6 to 16 in) per year, with an 
annual mean of 254 mm (10 inches) 

 Low precipitation for most of the year, punctuated with 
summer monsoons 

 Overal evaporation exceeds rainfall 

 

Humidity 

 An average annual relative humidity of approximately or less 
than 50%  

 
 
 

 

UV Radiation 

 Annual average of 500+ cal/cm
2
 

 Highest mean annual solar radiation of any location within 
the United States 

 
 

 

Temperature 

 Summer temperatures in the range of 35 to 40 °C (95 to 104 
°F) 

 Cool or cold winters with frosts 

 Freezing temperatures in high elevations 

 Extreme variation, with many lower arid soil temperatures 
varying by more than 40 degrees on a daily basis 

 

Soil Quality 

 Rocky, alkaline soils rich in gypsum and limestone (i.e. 
calcium sulfate and calcium carbonate, respectively) 

 Naturally-occurring radioactive radium and arsenic 
 

 

 

Topography 

 Broad, high elevation desert plateau flanked by mountain 
ranges (i.e. rain shadow desert) 

 Geographical features such as playas, grasslands, 
woodlands, gypsiferous dunes, and lava malpais creating 
pockets of smaller ecosystems 

 Elevations ranging from 1,000 to 3,000 m (3,280 to 9,850 ft) 

 Westerly winds prevail for approximately two-thirds of the 
year 

 Dust storms may create walls of dust over 2 miles high with 
fronts 50 miles wide that can travel over 70 mph 

 

Wind 

 Isolated gypsum (hydrated calcium sulfate) deposits create a 
hard crust when dry and erodes quickly when exposed to 
precipitation runoff 

 Low build-up of soil organic matter 
 

 

Resources/Nutrients 

 Isolated gypsum (hydrated calcium sulfate) deposits create 
a hard crust when dry and erodes quickly when exposed to 
precipitation runoff 

 Low build-up of soil organic matter 
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ABIOTIC CHALLENGES OF THE CHIHUAHUAN DESERT 

After a thorough scoping of the Chihuahuan Desert, which included identifying the key operating 

conditions of this biome, we selected the six abiotic challenges below to explore in depth by discovering 

species that are champions at thriving under these challenges and then translating their biological 

mechanisms into design principles that can be used to solve human challenges under similar contexts. 

 

TABLE 2. SIX HIGHLIGHTED CHALLENGES OF THE CHIHUAHUAN DESERT 

 

Low Precipitation 

  

 

High ultraviolet radiation (insolation) 

  

 

Low availability of soil nutrients 

  

 

High variability in temperature 

  

 

Geographical isolation 

  

 

High soil salinity and alkalinity 
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DISCOVERING CHAMPION SPECIES 

In the Challenge-to-Biology (C2B) model of the Biomimicry approach, the designer looks to organisms 

in nature for design inspiration. For the given challenging operating conditions, we started by converting 

the desired function, i.e., overcoming the challenge into a verb and then asking: "how would nature 

[insert verb]?" This step is referred to as "biologizing the function.” A functional taxonomy and place-

relevant research is then performed to identify what technical conflicts have already been resolved and 

cataloged in the investigated ecosystem (See more background in Appendix C Biomimicry Resources). 

Given these resolutions, a biomimic can posit champion adaptors, i.e., organisms that have evolved 

over the test of time to optimally perform the investigated function(s) (See Table 3). The strategy and 

mechanism of these champions are then examined on a technical level to abstract new designs in the 

context of the human design and application—the step referred to as abstracting the design principles 

(ADPs).  

OUR PROCESS OF DISCOVERING 

 The functions we considered for the given operating conditions 

1. How does nature distribute and store water to prevent evaporation? 

2. How does nature achieve productivity and differentiation in a pulse-reserve paradigm? 

3. How does nature operate in discontinuous and unpredictable conditions? 

4. How does nature recover from disturbance? 

5. How does nature protect against abrasive forces?  

6. How does nature maintain clean surfaces? 

7. How does nature leverage metabolic dormancy? 

8. How does nature control erosion and sediment? 

9. How does nature operate in alkaline conditions? 

10.  How does nature preserve water? 

11. How does nature leverage evaporation? 

 

 How we searched for organisms 

o Primary and secondary literature (e.g., journals, periodicals, text, databases) 

o Empirical observation outside 

o Parks and conservation agency data sources 

o Interviews with other scientists, biologists, experts 

o Continuous vetting and identification of most relevant, inspiring strategies 

PATTERNS: BIOMIMICRY TAXONOMY 

Our team researched the abiotic conditions and patterns of this specie’s biogeographical history, 

evolution, and present adaptations as a background theme to start tracking other endemic organisms 

and to identify patterns in the overall biota. Per Ladwig 2014, “small rain events with shallow infiltration 

stimulate soil microorganisms while plants respond to deeper infiltration following larger precipitation 

events.” Per Havstad et al. 2006, these dynamics mean that two primary types of plant species have 

evolved to utilize such a two-layer water system, i.e., shallow- and deep-soil water pools. Therefore, 

two primary types of plants that thrive in this desert ecosystem are shallow-rooted grasses and deep-

rooted woody plants. Numerous vertebrate and invertebrate species have adaptations that range from 

burrowing and/or being nocturnal to a plethora of strategies for leveraging short wet periods. 
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The numerous species identified in tangential research on those that have adapted to specific abiotic 

challenges have led to the identification of deeper patterns in organisms of this ecoregion. Some of the 

patterns are general for desert and some are unique to this ecoregion. These patterns definitely overlap 

among abiotic challenges but may be summarized as follows. 

There are many approaches and mechanisms here that have been inspired by organisms that are 

champion adapters to the extreme conditions (6 primary abiotic challenges) of the Chihuahuan Desert 

ecoregion. Several design applications have been inspired by such mechanisms as: 

● Self-shading and coloration & structure to increases solar reflectivity, heat retention, and/or 
insulation from solar radiation 

● Locating structures underground to cool and prevent evaporative moisture loss 
● Using structure to passively create cooling convective air flows 
● Managing excess salt and conserving moisture by concentrating excretions 
● Advanced photosynthetic mechanisms to prevent evaporative water losses 
● Lipid and wax coatings to achieve self-sealing, protection, and water retention 

 
 

  

TABLE 3. FUNCTIONAL TAXONOMY OF ORGANISM STRATEGIES BY CHALLENGE 

 

 
WATER 

AVAILABILITY 
SOLAR 

RADIATION 
LOW NUTRIENT 

AVAILABILITY 

HIGH 
TEMPERATURE 

VARIATION ISOLATION 
SOIL 

ALKALINITY 

Capture, 
Store, & 

Distribute 

Bunny Ears Cactus 
Kangaroo Rat 

Living Rock Cactus 
New Mexico 

Spadefoot Toad 
 

Creosote Bush 
Prickly Pear Cactus 

Ocotillo 
Split-leaf Brickellbush 

 
Foughuieria 

Skunkbush Sumac 

Agave Lechuguilla 
Four-wing Saltbush 

Iodine bush 
White Sands 

Pupfish 

Maintain 
Community 

  
Cryptobiotic crust 

Rough Harvester Ant 
 Skunkbush Sumac  

Maintain 
Physical 
Integrity 

Kangaroo Rat 
Living Rock Cactus 

Creosote Bush 
Desert Marigold 

Golden Barrel 
Cactus 

Prickly Pear Cactus 

 

Black-tailed Jackrabbit 
Desert Bighorn Sheep 
Greater Roadrunner 

Horse Lubber 
Grasshopper 

Bleached Earless 
Lizard 

Bolson Tortoise 
Skunkbush Sumac 

 

Modify 
New Mexico 

Spadefoot Toad 

Creosote Bush 
Golden Barrel 

Cactus 
Prickly Pear Cactus 

  
Bleached Earless 

Lizard 
Foughuieria 

 



THE GENIUS OF THE CHIHUAHUAN DESERT 

15 

IDENTIFYING ADAPTATIONS TO REDUCE EVAPORATIVE LOSSES AND LOWER 

TEMPERATURES UNDER LOW PRECIPITATION & HIGH INSOLATION CONDITIONS 

  ➢ CAM photosynthesis (in plants) 

➢ Morphologies that provide: 

o Smaller leaf area (in plants) 

o Optimal volume to surface area ratios 

o Self-shading 

▪ Vertical leaf/spine orientations to minimize insolation 

▪ Conical spine orientations to capture moisture 

▪ Multi-level surface structures to shade and capture moisture 

o Lowering surface temperatures via: 

▪ Convective air currents that lower surface temperatures via: 

● Repeating vertical ridges (in plants) 

● Air exhalations cooled in nasal walls to absorb moisture (in animals) 

● The ability to fluff fur or feathers (in animals) 

➢ Morphologies and vascular networks that support heat radiation (in animals) 

➢ More efficient water conservation and distribution via: 

o Pleated ribs that expand and contract (in plants) 

▪ Spines that repel thirsty predators (in plants) 

▪ Shallow tap roots (in plants) that: 

● Provide far-reaching moisture absorption during short rainfalls 

● Break off during dry periods to prevent water loss through roots 

▪ Deep tap roots (in plants) to leverage deeper water pools (can be > 50 m) 

o Digging capabilities (for burrowing) 

➢ Co-location/habitat with other organisms for shading (i.e., taller plants) 

➢ Burrowing (in animals) to conserve water and cool 

➢ Decreased metabolism to cool 

➢ High-salt tolerance and urine concentration to prevent salt-related moisture loss 

➢ Higher albedo 

o Using leaf, spine or hair coloring 

o Using fur coloring 

o Using shapes or angling that increase reflectivity (e.g., spines, fine hairs) 

o Outer coatings rich in hydrophobic (water- repelling lipids) 

▪ Waxy outer coatings on plants 

▪ Cutaneous fats (in animals, e.g., desert bats) 

➢ Altered life cycle activities to leverage short wet periods or tolerate drought 

o Rapid reproduction and or growth cycles 

o Permanently or temporarily decreased metabolism to reduce caloric requirements  

o Intermittent excretion concentrations to prevent salt-related loss 

▪ Using special nasal walls or kidneys (in animals) 

▪ Specialized sodium-potassium ionized pumps (in plants, e.g., halophytes) 

o Intermittent desiccation 

▪ During burrowing (in animals) 

▪ To promote seed dispersal (in plants) 

➢ Nocturnal activities such as: 

o CAM photosynthesis 

o Decreased metabolism or complete torpor (hypothermia) 
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IDENTIFYING ADAPTATIONS TO THE LOW NUTRIENT AVAILABILITY, HIGH ALKALINITY, 

AND OTHER HARSH CONDITIONS IMPOSED BY GEOGRAPHIC ISOLATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

➢ Co-location with other species providing biomass litter and mechanical protection 

➢ Allelopathy to prevent nutrient competition (in plants) 

➢ Morphologies that provide increased mechanical strength 

➢ Decreased metabolism to reduce caloric requirements 

➢ Nocturnal activities such as: 

o CAM photosynthesis 

o Decreased metabolism or complete torpor (hypothermia) 

➢ Symbioses between nitrogen fixers and soil stabilizers 

o Cryptobiotic crusts = cyanobacteria + lichens, fungi, or moss 

o Nitrogen fixing plants + animals or other co-located plants with wide root networks 

➢ Adaptations to low-pollinator species diversity resulting from the geographic isolation 

o Morphologies that support gravity-induced, abiotic or self-pollination 

o Desiccation to aid in seed dispersal 

o Cloning (in plants) 

➢ Hard seed coatings that only break down in mammal digestive juices such that excreted seeds 

are surrounded by nutrients (from plants) 
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MIND-MAP OF THE CHIHUAHUAN DESERT CHAMPION ADAPTER STRATEGIES 
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LIFE’S PRINCIPLES  

Another important component of using the Biomimicry approach is to consider how the identified 

champions adhere to Life’s Principles, the aforementioned set of deep patterns identified in nature’s  

3.8 billion years of research and development (See Table 4, Table 5, and Appendix C Biomimicry 

Resources).  
TABLE 4. ORGANISM ALIGNED W ITH LIFE’S PRINCIPLES PER BIOTIC CHALLENGE 

LIFE’S  

PRINCIPLE 

Low Water 

Availability 

High Solar 

Radiation  
Low Nutrient 

Availability 

Temperature 

Variability 

Soil 

Alkalinity 

Geographic 

Isolation 

 
Evolve to Survive 

 

  
Ocotillo, Rough 

Harvester Ants 
 

White Sands 

Pupfish, Four–

wing Saltbush 

Bleached Earless 

Lizard, 

Foughuieria 

 
Adapt to Changing 

Conditions 

 

Living-Rock 

Cactus, New 

Mexico 

Spadefoot Toad 

Creosote Bush, 

Prickly Pear 

Cactus 

Splitleaf 

Bricklebush, 

Ocotillo, 

Cryptobiotic 

Crust, Rough 

Harvester Ant 

Horse Lubber 

Grasshopper, 

Black-tailed 

Jackrabbit, 

Greater 

Roadrunner, 

Desert Bighorn 

Sheep 

Four-wing 

Saltbush, Iodine 

bush, White 

Sands Pupfish, 

Agave 

lechuguilla 

Bleached Earless 

Lizard, Bolson 

Tortoise, 

Foughuieria 

 
Be Locally Attuned 

and Responsive 

 

Bunny Ears 

Cactus, 

Kangaroo Rat, 

Living-Rock 

Cactus, New 

Mexico 

Spadefoot Toad 

Creosote Bush, 

Golden Barrel 

Cactus 

Ocotillo, 

Cryptobiotic 

Crust, Rough 

Harvester Ant, 

Splitleaf 

Bricklebush 

Horse Lubber 

Grasshopper, 

Black-tailed 

Jackrabbit, 

Greater 

Roadrunner, 

Desert Bighorn 

Sheep 

Agave 

lechuguilla, 

White Sands 

Pupfish, Iodine 

Bush 

Skunkbush 

Sumac, Bleached 

Earless Lizard, 

Bolson Tortoise, 

Foughuieria 

 

 
Integrate 

Development with 

Growth 

 

Bunny Ears 

Cactus, Living-

Rock Cactus 

Golden Barrel 

Cactus 

Ocotillo, 

Cryptobiotic 

Crust, Rough 

Harvester Ant 

Desert Bighorn 

Sheep 
 

Skunkbush 

Sumac, 

Foughuieria 

 

 
Be Resource 

Efficient (Material 

and Energy) 

 

Bunny Ears 

Cactus, 

Kangaroo Rat, 

Living-Rock 

Cactus, New 

Mexico 

Spadefoot Toad 

Creosote Bush, 

Golden Barrel 

Cactus Desert 

Marigold, Prickly 

Pear Cactus 

Ocotillo, 

Cryptobiotic 

Crust, Splitleaf 

Bricklebush 

Black-tailed 

Jackrabbit, 

Greater 

Roadrunner, 

Desert Bighorn 

Sheep 

Agave 

lechuguilla, 

Four-wing 

Saltbush, Iodine 

bush 

Bleached Earless 

Lizard, 

Foughuieria 

 

 
Use Life-Friendly 

Chemistry 

 

Kangaroo Rat  
Rough 

harvester ants 
 

Four-wing 

Saltbush, Iodine 

bush, White 

Sands Pupfish, 

Agave 

lechuguilla 

Skunkbush 

Sumac 
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INTEGRATING LIFE’S PRINCIPLES 

TABLE 5. LIFE’S PRINCIPLES IN THE CHIHUAHUAN DESERT 

 
Evolve to Survive 

● Replicate strategies that work 

● Integrate the unexpected 

● Reshuffle information 

Organisms become specialized in a particular niche, even if conditions are relatively sparse/harsh, and pass these characteristics onto the 

next generation of individuals. The snowy egret (Egretta thula) is of the heron family and lives all over the Americas. Generally, this egret 

breeds in North America but winters in Mexico and Central America and thus can be seen in the Chihuahuan Desert watersheds such as 

the Bosque del Apache south of Socorro, New Mexico. This bird is known to forage in marshy, riparian, and brackish areas. They have 

bright yellow feet and yellow lores just below their eyes. Their yellow feet are used to stir the waters and attract the attention of fish prey 

(i.e., sending visible signals through the water that attract food). The yellow lores under their eyes and very long, pointy beaks aid the egret 

in sighting down its beak for prey. Additionally, the Chihuahuan Desert flowers are colored yellow, e.g., the common desert Damianita daisy 

(Chrysactina Mexicana) from the sunflower family and the yellow blooms of prickly pear cacti. This coloring is due to carotenoids and 

assists in photosynthesis and attracting pollinators (Harvad et al. 2006). 

 
Adapt to Changing 

Conditions 

● Incorporate diversity 

● Maintain integrity through self-

renewal 

● Embody resilience through 

variation, redundancy, and 

decentralization 

Organisms are able to adapt to the ever-changing climate conditions of the ecoregion, and pass on traits that ensure the survival of the next 

generation. For example, per Moore 2015, gypsophile species are endemic to this area and have managed to survive the changing 

conditions for ~ 5 million years. 

 
Be Locally Attuned & 

Responsive 

● Leverage cyclic processes 

● Use readily available materials 

and energy 

● Use feedback loops 

● Cultivate cooperative 

relationships 

Organisms are able to survive in isolated areas by enacting strategies that permit utilization of local water and energy resources. For 

example, per Havstad et al. 2006, two primary types of plant species have evolved to utilize a two-layer water system (i.e., shallow- and 

deep-soil water pools): 1) shallow-rooted grasses, and 2) deep-rooted woody plants, respectively. 

 
Integrate Development with 

Growth 

● Self-organize 

● Build from the bottom up 

● Combine modular and nested 

components 

Organisms repeat common elements in order to build on what works to ensure survival. Succulents in the Chihuahuan Desert such as the 

Golden Barrel Cactus (Echinocactus) have evolved to have repeating patterns of ribs that alternate valleys with spine-laden peaks in order 

to allow a rapid increase of plant volume (i.e., to store water), while reducing surface area exposed to the sun (i.e., to minimize 

evapotranspiration a.k.a., water loss). 

 
Be Resource Efficient 

(Material & Energy) 

● Use low-energy processes 

● Use multi-functional design 

● Recycle all materials 

● Fit form to function 

Organisms have an optimal form and structure that is adapted to the particular niche in this desert. Multiple flora and fauna are specialists 

in this region. For example, the Creosote bush (Zygophyllaceae Larrea tridentate), the Rabbitbrush a.k.a. goldenbush (Asteraceae 

Ericameria), and the Four-wing Saltbush (Chenopodiaceae Atriplex canescens) are common to the Chihuahuan xeric shrubland areas 

(Harvad et al. 2006). Their productivity is limited by water and nutrients. Because there is so little precipitation, these plants have evolved to 

thrive on little water. Additionally, plant litter provides most of the nutrient fodder that affects the soil fertility. Therefore, in areas with 

sparsely spaced shrubs, there are only small islands of soil fertility underneath each shrub or bush. These patches facilitate the soil 

microbial biomass and control the movement of runoff. The nutrient fluxes in Creosote bush shrubland are affected by the sparse 

vegetation, high heat, low precipitation, and low soil fertility typical of these areas. 

 
Use Life-Friendly Chemistry 

● Break down products into benign 

constituents 

● Build selectively with a small 

subset of elements 

● Do chemistry in water 

Organisms are able to utilize common elements for optimal usage and processing of materials and energy. Water is a common element 

present, which provides a life source. The cochineal insect (Dactylopius coccus) thrives on moisture and nutrients found in the Opuntia 

cactus (Nejad and Nejad 2013), which it then metabolizes to produce carminic acid as a way to prevent predation from other insects. 

However, the acid is not harmful to the either the cactus or the cochineal insect. Humans use an aluminum salt of this acid, a glucosidal 

hydroxyanthrapurin, as a coloring agent in several industrial applications (Wikipedia 2018). 
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CHAMPION ADAPTORS 

The pages that follow highlight champion adapters of the Chihuahuan Desert and their strategies for 

surviving the challenges of this biome. The challenges are presented in the following order: low 

precipitation, high ultraviolet radiation, low availability of soil nutrients, high variability in temperature, 

geographical isolation, and high salinity or alkalinity of soil. For each of the six challenges, four species 

are presented, for a total of 24 different biological models. 

For each biological model, the scientific and common names are given, and within the highlight boxes 

are the function that the organism is an expert at accomplishing, the general biological strategy of the 

organism for accomplishing that function, and Life’s Principles that are the most relevant to that 

strategy and the ADPs. The biological mechanism is given as a detailed written description of how the 

organism accomplishes the function. Following the biological mechanism is a written and illustrated 

description of the ADPs. The ADP is a translation of the biological mechanism into non-biological 

design principles that can be understood and potentially applied by someone in any field. 

Finally, for each organism, at least two ideas for applications of the design principles are offered, with 

an illustration for one of the application ideas. These application ideas are intended to be used directly 

or as a source of inspiration and creativity for developing new application ideas based on the ADPs. 

HOW TO READ THE STRATEGY PAGES 
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Opuntia microdasys – Bunny Ears Cactus 

 

 

 

Operating Condition 
Low water availability 

Mechanism 
The bunny ears cactus forms a dense shrub and is composed of pad-like stems.  The stems have 

clusters of pale yellow glochids (hair-like bristles, generally barbed, found on the aereoles of cacti in the 

sub-family Opuntioideae) and trichomes (fine hair or other outgrowth from the epidermis of a plant, 

typically unicellular and glandular).  The clusters are arranged as a well distributed array on the stem’s 

surface, with distances between clusters ranging from approximately 7 to 23 mm.  A single cluster 

contains approximately 100 glochids that are conical in shape, range from 30 to 65 µm in diameter and 

800 to 2500 µm in length, have an average angle of 18.1 ± 5.3° between the nearest two glochids, and 

form a hemispherical structure.  An individual glochid has three important parts: a tip that contains 

barbs, a middle region that contains multi-level grooves, and a base with trichomes.  For the multi-level 

grooves, the first level of grooves has a gradient in width along the glochid, from an average of 4.3 µm 

near the tip to an average of 6.8 µm near the base.  Second-level grooves are submicrogrooves with a 

constant value of approximately 0.6 µm over the entire length of the glochid. 

Moisture in fog deposits as tiny water drops on the barbs and shaft at or close to the tips of the 

glochids. Because of the structure of the barbs and the multi-levels of grooves on the glochid surface, 

the tiny water drops are directionally driven from the tip to the base of the glochid.  As they move down 

the glochid, they coalesce and increase in size.  The driving forces attributed to the movement of the 

water from tip to base are the gradient of the surface-free energy and the gradient of the Laplace 

pressure.  The glochids and trichomes form conical internal surfaces that create a strong capillary 

force, so once a water droplet reaches the base and makes contact with the trichomes, the water is 

quickly absorbed into the plant.  The collection and movement of water from tip to base takes half a 

minute, while the absorption of water from the base into the plant takes approximately half a second.  

Function 
Collect water from the atmosphere 

Biological Strategy 
Clusters of grooved bristles condense 
water and transport the water into a 
spongy, hydrophilic tissue for storage 

Image: By Stan Shebs, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=342567 

 

Life’s Principles 
 Uses readily available materials and energy 
 Uses low-energy processes 
 Combines modular and nested components 
 Leverages cyclic processes 

 

https://commons.wikimedia.org/w/index.php?curid=342567
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Abstracted Design Principle (ADP) & Illustration 
Hemispherical clusters of bristles, arranged as an array on a surface, collect water by condensing 

atmospheric moisture as water droplets on microgrooves etched into the bristles and transporting the 

water droplets into hydrophilic substrate below the surface. 

 

 
Clusters of grooved bristles collect and store water from atmospheric humidity (fog) 

 

Potential Applications 

● A design to remove water from systems with 

excess moisture in which machines or 

instruments must operate in 

● Passive water collection “antennaes” guide 

droplets to evaporation-proof container for 

storage; the water collection system might be 

applied to water bottles of outdoor 

enthusiasts, watering systems for outdoor 

domesticated animals (illustrated here), or 

water collection and storage for homes and 

buildings in areas with high humidity or fog 

(illustrated below) 

A watering system for outdoor domesticated 

animals that captures water from the atmosphere 
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Dipodomys merriami – Kangaroo Rat 

 

 

 

Operating Condition 
Water availability 

Mechanism 
Kangaroo rats have multiple strategies that have enabled them to live without ever drinking water, if 

needed. First, these rodents get their necessary water from the food they consume: seeds, insects, 

and leaves. They are able to conserve this water supply via nasal passages designed to reabsorb the 

moisture from their own breath. Additionally, they have extremely efficient kidneys; barely excreting 

any moisture, their urine is five times as concentrated as that of humans. Interestingly, they do not 

sweat, which of course prevents water loss but otherwise is a challenge to keep their body 

temperature low in a hot environment. In order to stay cool, they live in underground burrows and are 

nocturnal when temperatures are much lower. Internal water levels if they were running on all fours 

here and there through the desert. 

 

Abstracted Design Principle (ADP) & Illustrations 
Active regulation of osmotic pressure across a membrane by evaporative cooling of moisture relative to 

core temperature, i.e., a counter-current heat exchange causes water vapor to condense and be 

available for reabsorption.  

  

 

Function 
How does nature conserve water? 

Biological Strategy 
Utilize specialized internal structures in 

sinuses to absorb, create, re-circulate and 

reduce water loss. 

Life’s Principles 
 Is locally attuned and responsive 

 Is resource efficient 

 Uses life-friendly chemistry 

Image: By Doug Burkett, Senior Scientist, ECO-Inc at: nps.gov/whsa/learn/nature/mammals.htm 

http://www.asombro.org/
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Human-Design Applications 

● Water/moisture collection in greenhouses (illustrated below) 
● Fog collectors 
● Portable water collection systems 

 

 
Greenhouse moisture captured and reused 
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Ariocarpus fissuratus – Living-Rock Cactus 

 

 

 

 

Operating Condition 
Water availability  

Mechanism 
The living-rock cactus is a type of spineless cacti that lives in low elevation areas of the Chihuahuan 

Desert. It is a slow growing plant that inhabits arid, rocky, limestone substrate throughout the areas of 

the Big Bend region in Texas, extending close to the Rio Grande. These solitary cacti are flattened 

disks with triangular, overlapping tubercles. It consists of two succulent leaves that are fused together 

in the shape of a cone. Living-rock cacti have a limited population due to high interest in plant 

collectors.  

During times of little water availability and drought, the living-rock cactus is able to shrink and diminish 

the aboveground portion of the plant to obscure and to enable coverage of rocks and other substrates. 

During this time, the thickened taproot remains viable. Water is stored in the thick succulent leaves for 

use in times of drought. 

Abstracted Design Principle (ADP) & Illustration 
Water-absorbent, rigid, collapsible components provide structure in addition to adapting to various 

levels of water. 

  

 

Function 
How does nature store water to 

prevent evaporation? 

Biological Strategy 
Thick, waxy leaves store water in 

times of drought. 

Life’s Principles 
 Adapts to changing conditions 

 Is locally attuned and responsive 

 Uses readily available materials 

 Leverages cyclic processes 

 Integrates development with growth 

 Combines modular and nested 

components 

 Is resource efficient 

 Uses low-energy processes 

 Use multi-functional design 

 

Image: J. Deacon at: http://archive.bio.ed.ac.uk/jdeacon/desertecology/livrock5.jpg  

 

 

 

http://archive.bio.ed.ac.uk/jdeacon/desertecology/livrock5.jpg
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As water availability increases, absorptive components  

adapt to provide structure. As water availability decreases,  

rigid structure can collapse 
 

Human-Design Applications 
● Biofiltration planting bed (retention pond) for slow absorption (illustrated below) 
● Rain water storage 
● Storm drainage management, e.g., along roadways, sidewalks 

 

 

 
Biofiltration systems provide areas for runoff and storm water to go, and percolate back 

to the ground water system using various energy dispersal methods and flora. 
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Spea multiplicata – New Mexico Spadefoot Toad 

 

 

 

Operating Condition 
Infrequent precipitation creates only 

temporary water availability in arid conditions 
 

Ecological History & Habitat  
The New Mexico Spadefoot Toad, a.k.a. the Desert or Southern Spadefoot Toad (Spea multiplicata) is 

the state amphibian of New Mexico. These toads are extraordinary adaptors since toads usually prefer 

wetlands, which are sparse and/or temporary in the desert. This toad burrows in the ground for 10 

months out of each year and only comes out during the summer rainy season to feed and breed. 

During the rare but heavy rain events, the female toad quickly lays hundreds to thousands of eggs in 

the temporary wetland but only a few survive (AIMS Media 1992). The eggs must mature very quickly—

in only days or weeks—such that the adult toads can burrow in the sand before the rain pool dries up. 

This burrowing behavior prevents them from desiccating or being attacked during their dormancy. The 

toads also have the ability to secrete a toxic, peanut-like odor if handled to protect from predation 

during their hibernation. 

 

Mechanism 
This toad has adapted to the low and intermittent moisture availability with a two-fold strategy that 

leverages short wet periods and prevents desiccation: 1) reproducing and growing rapidly via 

carnivorous fat build-up in temporary pools created during short, summer monsoon events, and 2) 

otherwise burrowing underground to prevent desiccation and predation during the dry season. First, the 

tadpoles have evolved to have very quick metamorphoses and have very high thyroid and 

corticosterone levels. This biochemical regulation demands great energy levels so the young tadpoles 

eat as much and as quickly as possible to accommodate their rapid growth. Further, unlike most 

tadpole species, these elongated species are completely carnivorous and have keratinized beaks with 

serrated edges and a midline dorsal hook on their lower beak (Bragg & Bragg 1958, Naich 2015). The 

 

Function 
How does nature leverage and conserve 

temporarily available water? 

Images compiled from Naish 2015  

Biological Strategy 
Uses keratinized tadpole beak to quickly 

capture water-borne resources for rapid growth; 

then, uses keratinized digging tubercles to 

burrow deep in cooler sands and minimize 

evaporative water loss 

Life’s Principles 
 Is locally attuned and responsive 

 Fits form to function 

 Replicates strategies that work 

 Embodies resilience through variation and 

redundancy 

 Maintains integrity through self-renewal 

 Uses readily available materials and energy 

 Leverages cyclic processes 
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young tadpoles’ jaw muscles are also enlarged for increased mechanical strength (Bragg & Bragg 

1958). The tadpoles feed on nearby algae, beetle larvae, and even their sibling tadpoles to optimize fat 

accumulation (AIMS Media 1992). The adults use this fat as energy reserves during their remaining life 

span spent in hibernation, where they will lose half of their body mass. Second, the toad has unique 

keratinized projections on its hind feet used for digging two to four feet, i.e., 20-40 inches into the cool, 

sandy soil (BISON-M 2017). Their hind foot-digging tool is a hard, spade-shaped projection or tubercle 

that aids in movement through sandy solids. The adult remains underground until vibrations from 

thunder and/or intense rainfall signal the next breeding opportunity.  

 

Abstracted Design Principle (ADP) & Illustration 
A dry, mesoporous, solid composed of a network of interconnected nanostructures absorbs water very 

quickly from temporarily available pools until a saturation point triggers the release of a 

superhydrophobic, lipid kernel that once ruptured, surrounds the engorged mesh while, the aborbed 

water mass triggers sinking into a substrate to prevent evaporative desiccation.  

 

 

 
Time (t) progressing from left to right: Spherical mesh of nanostructures absorbs water from temporary pools; 

as time passes and the pool evaporates, the mesh absorbs to volume capacity, the pressure of which triggers 

eruption of an internal, hydrophobic kernel that then hydroscopically seals the mesh and simultaneously, the 

mass at volume capacity causes the sealed mesh to sink into a substrate preventing evaporative desiccation 
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Human-Design Applications 
● Hazardous aqueous layer remediation (illustrated below) 
● Filters, sponges  
● Edible packaging 
● Pavement stormwater management 

 

 

 
Remediation sponges: aqueous pollutant leachate in temporary pools and/or soil matrix is absorbed by a 

nano-mesh sponge that once full, triggers the hydrophobic kernel, which erupts to seal the mesh as the 

weight of the absorbed liquid causes the structure to sink into the substrate until collected for disposal 
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Baileya multiradiata – Desert Marigold 
 

 

 

 

 

Operating Condition 
High solar radiation 
 

Mechanism 
The desert marigold is an annual or short-lived perennial plant that grows to be approximately 10 to 30 

inches in height.  Its leaves look wooly or hairy because they are covered in trichomes, which are fine 

hairs that grow out of the epidermis of a plant. 

   

The trichome layer on the leaves of the desert marigold are multi-functional. They are a mechanical 

barrier against biotic attack, reduce the loss of water vapor from the leaf interior to the atmosphere, and 

reflect and block ultraviolet radiation, reducing the radiant energy absorbed by the leaf and, therefore, 

resulting in lower leaf temperatures.  The latter two functions are particularly important for the survival 

of this plant in the Chihuahuan Desert, which receives high levels of solar radation.   

 

The trichomes on the desert marigold leaves are fine, light-colored, and abundant on the surfaces 

leaves; these three properties result in successful reflection of UV light.  A study of leaf trichomes and 

UV-B radiation suggests that trichomes may also contain compounds that absorb UV-B radiation, which 

would decrease the UV-B radiation reaching the epidermis and underlying tissue.  Simple phenolic and 

flavonoid compounds have strong absorption in the UV part of the spectrum, characteristic stability 

under UV radiation, and are abundant in leaf hairs. 

 

Abstracted Design Principle (ADP) & Illustration 
Cover UV-sensitive surfaces with fine, light-colored, projections to reflect and block UV rays. 

  

 

Function 
Protect from UV light 

Biological Strategy 
Fine, light-colored hairs covering the surface 

of sensitive tissues reflect and block UV light 

Life’s Principles  
 Uses multi-functional design 

 Fits form to function 

Image by Russ Kleinman at: https://wnmu.edu/academic/nspages/gilaflora/baileya_multiradiata.html 

 

 

 

 

https://wnmu.edu/academic/nspages/gilaflora/baileya_multiradiata.html
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Fine, light-colored protrusions covering the surface of delicate material reflect and block UV light. 

 

 

Human-Design Applications 
● Thin, light face mask to fully protect the facial skin of hikers, mountain climbers, skiers, and anyone 

else with a lot of exposure to UV radiation 
● Cover for bicycle seats to prevent the seat from being degraded by UV light and heated up under 

sunlight, causing discomfort to a rider (illustrated below) 
● Textiles for clothing, hats, outdoor equipment (e.g., tents) 
● Vehicle and/or building roof coatings 
 

 

 

 
A bicycle seat cover with soft, light-colored fibers reflects and blocks UV light. 
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Larrea tridentata – Creosote Bush 
 

 

 

 

Operating Condition 
High insolation creating high temperatures  
 

Mechanism 
Creosote utilizes sunlight according to the time of day while taking measures to protect against intense 

radiation at other periods in the day. To reduce evaporative moisture losses during high temperatures, 

the bush restricts photosynthesis to once per day. The stomata on the small leaves only open for a few 

hours in the morning when sunlight is available yet temperatures are still on the cool side. Its branches 

are shaped such that they always face southeast, toward the rising morning sun. It is thought the dense 

clustering formation of the leaves provides self-shade. Furthermore, the Creosote bush releases a 

waxy substance though the cuticle to coat leaves, creating a protective barrier to the effects of solar 

radiation. The leaves being small in size reduce the surface area to sun exposure as well. 

 

Abstracted Design Principle (ADP) & Illustrations 
Dynamic, shape-shifting microscopic structures regulate surface temperatures by being responsive to 

levels of solar intensity, and rotating relative to angles of solar radiation. 

  

 

Function 
How does nature protect itself 

from and utilize intense solar 

radiation to its benefit? 

Biological Strategy 
Multiple measures used 

simultaneously to reduce 

evapotranspiration: photosynthesis 

timing, self-shading, waxy coating, 

shape & angle of branches. 

Life’s Principles 
 Is resource efficient 

 Adapts to changing conditions 

 Is locally attuned and responsive 

  

Image by J. Deacon at: archive.bio.ed.ac.uk/jdeacon/desbiome/creosot3.jpg 
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Shape-shifting structure adapts to solar radiation 

 

 

Human-Design Applications 
● Vertical garden designs (illustrated below) 
● Dynamic building façade coatings and/or awnings covers 
● Photovoltaic ‘flower’ configurations 
● Drip irrigation sensors 

 

 

 
Vertical edible garden walls that rotate when needed in response to angle of sun  
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Opuntia engelmannii or macrocentra – Prickly Pear Cactus 
 

 

 

 

 

Operating Condition 
High insolation creating high temperatures  
 

Mechanism 
Prickly pear cacti are part of the Opuntia genus, which represents cacti that have modified stems or 

branches that are flat and fleshy pads. These fleshy pads have several functions, in addition to the 

spines, which are modified leaves, that are also present on the surface of the plant. 

 

Cacti have many adaptations in order to survive the harsh conditions in the desert. The modified stems 

provide a large surface area for photosynthesis. During photosynthesis, water loss is probable, so the 

prickly pear cactus utilizes a different type of photosynthesis, called Crassulacean Acid Metabolism 

(CAM) that lessens the degree of water loss through photorespiration. Stomata are closed during the 

day in order to reduce evapotranspiration, and are opened at night. Throughout the night hours, opened 

stomata enables the diffusion of carbon dioxide into the cells. The carbon dioxide is fixed and converted 

to an organic acid, such as malate, and stored in the vacuoles until daybreak. The stored amounts of 

organic acid enable the plant to photosynthesize throughout the day without opening stomata by 

converting it to carbon dioxide and processing with the Calvin cycle. The process of CAM 

photosynthesis limits water loss and increased levels of photosynthetic activity from the harsh 

temperatures and amounts of sunlight. In addition to having a large surface area for more optimal and 

adapted photosynthesis, prickly pear plants exhibit modified leaves with a dual purpose. The spines 

provide protection against predation, as well as provide shade for the plant, ultimately cooling the plant 

to temperatures less than the surrounding air.  

 

Abstracted Design Principle (ADP) & Illustration 
Microscopic bi-lobed channels open and close in response to available light. 

  

 

Biological Strategy 
Regulation of channels in coordination 

with solar radiation levels reduce 

amounts of evaporation. 

Function 
How does nature utilize solar 

radiation efficiently? 

Life’s Principles 
 Adapts to changing conditions 

 Is resource efficient 

 Uses low-energy processes 

Image: https://c1.staticflickr.com/1/378/32211183045_5b54347297_b.jpg 
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When light is present, channels are closed; when light is not present, channels open. 

 

 

Human-Design Applications 
● Camera aperture (illustrated below) 
● Light-activated microfluidic pump 
● Motion-detectors, security cameras 
● Textiles 
● Self-shaping composites 

 

 

 
Camera apertures allow various amounts of light exposure, dependent upon the size of the opening. 
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Echinocactus grusonii – Golden Barrel Cactus 
 

 

 
 

 

Operating Condition 
High insolation creating high temperatures  
 

Ecological History & Habitat 
This globe-shaped cactus grows shallow roots in volcanic, rocky soils requiring little soil nutrients or 

moisture. The cactus can grow even on shallow, sloped soils and can reach over a meter in height. 

Though the adult cacti appear as globes with vertical ribs, the young version will demonstrate a 

hexagonal pattern until it matures. At maturity, this plant usually has ~ 35 ribs with ridged spines that 

may be yellow or white depending on the phenotype. Amazingly, this globe cactus can survive at 

varying elevations for 30 years or longer. The plant only flowers small yellow blooms after reaching 

maturity (at least 20 years). Though previously quite prolific in the Chihuahuan Desert, particularly in 

the Central Mexican states of Hidalgo and Queretaro, the cactus has become rare, even endangered in 

certain areas. Human encroachment and hydropower development have significantly lowered wild 

populations. The plant is popularly cultivated in desert nurseries and domestically for decorative 

landscaping, gardens, and conservatories. 

 

Mechanism 
The ribs on this globe-shaped cactus are an alternating pattern of deep valleys and adjacent vertical, 

spine-laden ridges. The ridges serve to shade the depressions and the spines in turn shade the 

exposed ridges. The ribs also produce convective air currents that further cool its exterior. This 

spherical shape with self-shading ridges is an optimal configuration for maximizing water storage 

volume while minimizing surface area exposed to intense solar radiation, thus minimizing latent heat 

and water loss. Interestingly, the young cacti first exhibit hexagonal lattice patterns in a Fibonacci 

sequence. As the young cactus grows and the cellulosic wall cells divide, a feedback mechanism 

alternates the cells orientations. Per Shipman 2004, this alternating cellulose orientation mechanism 

may have evolved to cope with “compressive physical stresses” during early growth. That is, the 

younger cactus has a smaller volume-to-surface area ratio for vascular water transport and thus, must   

Function 
How does nature lower surface 

temperatures in high heat? 

Biological Strategy 
A high volume-to-surface area ratio and self-

shading ridges with spines reduce surface 

temperatures and evapotranspiration 

Image by Andre Karwath, CC BY-SA 2.5 @ https://commons.wikimedia.org 

Life’s Principles 
 Builds from the bottom up 

 Integrates development with growth  

 Combines modular and nested components 

 Fits form to function & uses available 

energy 
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maintain a higher hydrostatic pressure. The mature globe and vertical ribbing configuration and higher 

volume-to-surface area ratio reduces this internal pressure.  

 

Abstracted Design Principle (ADP) & Illustration 
A globe shape container with alternating vertical valleys and spike-laden ridges optimizes volume-to-

surface area ratio while creating convective air currents to reduce surface temperatures 

 

 
Globe shape optimizes volume-to-surface area ratio; ribs provide 

convective cooling; protrusions exposed shade rib ridges 

 

Human-Design Applications 
● Rain barrel globes for water catchment and storage containers in arid areas to minimizes 

evaporative losses (illustrated below) or other passive liquid, gas, and/or food storage systems 
● Architectural design of exterior building skin configurations for passive cooling in arid climates (e.g., 

domed building façade) 
● Electrolytic cell or Fuel Cell or Flow battery electrode (volume-surface optimization, controlled flow) 
● Shell design to protect light/heat sensitive domesticated animals or outdoor electronic equipment 

 

 

 
Novel rain barrel configuration for water catchment and storage in the desert 

 (minimizes surface temperatures and evaporation)  
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Brickellia faciniata – Splitleaf Brickellbush 
 

 

 

 

 

Operating Condition 
Low nutrient availability in soil 
 

Mechanism 
Nutrient resorption is a major strategy for the survival of Splitleaf Brickellbush in nutrient-poor soils of 

the Chihuahuan Desert. This strategy acts to conserve a variety of macronutrients and trace metals, 

including nitrogen and phosphorus.  Nutrient resorption is defined as the mobilization and removal of 

inorganic and/or organic substances from aging, deteriorating tissues and the subsequent 

transportation of these substances to surviving or new tissues.   

 

Most of the nitrogen and phosphorus from deteriorating leaves is withdrawn before they detach from 

the plant and is used for new growth or stored in vegetative tissue until the next growing season.  

Resorption efficiency, which is the percentage of a leaf’s nutrient content that is recovered by a plant 

before the leaf is lost through natural shedding, is approximately 60% for nitrogen and 55% for 

phosphorus in Splitleaf Brickellbush. This strategy makes minerals directly available to the plant for 

further usage and makes the species less dependent on actual mineral uptake from soil. 

 

Abstracted Design Principle (ADP) & Illustration 
Before disposing of a material/object, pull out the valuable components of that material/object to be 

used in a new material/object or stored for future use. 

  

 Function 
Conserve nutrients within a system 

Biological Strategy 
Mobilize and remove valuable nutrients from 

aging leaves and transport them to areas of 

new growth or storage within a plant 

Life’s Principles 

 Recycles all materials 
 Uses readily available materials and energy 
 Maintains integrity through self-renewal 

Image: To be added for final report. 
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Before discarding a non-functioning object, remove all components of value that 

can be reused in other objects or stored 

 

 

Potential Applications 
● Industrial symbiosis; eco-industrial parks 
● Landfill and wastewater treatment protocols  
● Closed-loop composting of food waste and applying to gardens 
● Removing and recycling valuable materials or components from objects to be discarded, such as 

electronic waste (illustrated below) and transferring useful materials from one system to another 
 

 

 

 
Value can be obtained from electronic waste by separating and reusing functioning parts.  
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Fouquieria splendens–Ocotillo  
 

 

 

Operating Condition 
Low nutrient availability  
 

Mechanism 
In order to handily survive in soils with low nutrient availability, the Ocotillo cleverly developed a cycle 

of dropping its leaves when resources are low and performing photosynthesis from chlorophyll in its 

stems instead. It has evolved a closed-loop system of recycling the carbon dioxide from the 

carbohydrates generated in the photosynthetic process, making it capable of producing its own 

internal source of nutrients. They also are able to rapidly respond to any change in the environment 

by quickly producing leaves when beneficial to do so. 

 

Abstracted Design Principle (ADP) & Illustrations 
Utilize gas waste produced in order to conserve, distill, generate and extract energy within a closed-

loop system. 

  

 

Function 
How does nature operate 

with low nutrients? 

Biological Strategy 
Rapid regeneration of nutrient 

producing structures along with 

efficient recycling of nutrients in a 

closed loop system.  

Life’s Principles 
 Evolves to survive 

 Integrates the unexpected 

 Adapts to changing conditions 

 Is locally attuned and responsive 

 Uses feedback loops 

 Integrates development with growth 

 Is resource efficient 

Image By Sally and Andy Wasowski at: https://www.wildflower.org/gallery/ 

 

 

https://www.wildflower.org/gallery/
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Closed-loop gas waste utilization system 

 

 

Human-Design Applications: 
● Farm bio-digesters for on-site vehicle fuels 
● Production of plastics or concrete using waste CO2 
● Wastewater treatment bio-gas capture and conversion 
● Landfill burn valves (methane capture and conversion), e.g., for pumping 
● Thinking like a plant; transforming the idea of negative thoughts (waste) into usable material 

(Illustrated below) 
 

 

 
Metaphorical application of transforming waste (‘negative’ thoughts) to being 

useful and usable material for improvement of self and relating to experiences 
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Cryptobiotic Crusts 
 

 

 

 

 

 

Operating Condition 
Low nutrient availability 
 

Mechanism 
Cryptobiotic crust is a living mutualistic soil merging a cooperative relationship between many 

microscopic organisms. These organisms include cyanobacteria, lichen, moss, green algae, fungi, and 

bacteria. The cryptobiotic crusts often dominate the surface of the ground in hot, arid areas. 

Cyanobacteria are predominant in alkaline soils. 

 

The cooperative relationship of these microorganisms contributes to the health and stability of the 

desert environment in multiple ways. Cyanobacteria and lichens with a cyanobacteria symbiont 

(cyanolichen) are capable of converting and fixing atmospheric nitrogen into forms available for 

neighboring plant communities, as well as fixing carbon in the soil. Cyanobacteria also excrete 

polysaccharides, which contain concentrated nutrients that plants use for growth and vitality. In addition 

to providing nutrients, cryptobiotic crust is able to stabilize soil and protect against wind and water 

erosion through a network of filamentous fibers of lichen, moss, and fungi that bind rock and substrate 

together. 

 

Abstracted Design Principle (ADP) & Illustration 
A network of connected filaments provide attachment for substrates. 

   

 Function 
How does nature operate in 

low nutrient conditions? 

Biological Strategy 
A cooperative network of organic 

fibers provide attachment and 

nutrients for substrates 

Life’s Principles 
 Is resource efficient 

 Adapts to changing conditions 

 Is locally attuned and responsive 

 Uses readily available materials and 

energy 

 Combines modular and nested 

components 

 Leverages cyclic processes 

 Integrates development with growth 

Image By Deviantart at: 

https://pre00.deviantart.net/30e7/th/pre/f/2016/042/c/e/chihuahuandesert_cryptobioticcrust_nm_by_

wondrousbutstrange-d9rd0ve.jpg 

 

  

 

 

 

https://pre00.deviantart.net/30e7/th/pre/f/2016/042/c/e/chihuahuandesert_cryptobioticcrust_nm_by_

wondrousbutstrange-d9rd0ve.jpg 

 

 

https://pre00.deviantart.net/30e7/th/pre/f/2016/042/c/e/chihuahuandesert_cryptobioticcrust_nm_by_wondrousbutstrange-d9rd0ve.jpg
https://pre00.deviantart.net/30e7/th/pre/f/2016/042/c/e/chihuahuandesert_cryptobioticcrust_nm_by_wondrousbutstrange-d9rd0ve.jpg
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A system of multiple overlapping and intertwined 

filaments creates a network. 

 

 

Human-Design Applications 
● Fibrous new-generation Velcro 
● Nanotube substrates for cancer-cell capture 
● Erosion control designs 
● Pathogen capturing surfaces 
● Concrete rebar configurations 
● Vertical gardens [living walls] (illustrated below) 
● Anti-pollution filter (particles and gases attach to filaments), e.g., fluid or film (traps pathogens) 

 

 

 
Living wall systems provide a framework for greenery to survive and thrive in a space-saving, 

vertical orientation 
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Pogonomyrex rugosus – Rough Harvester Ant 
 

 

 
 

Operating Condition 
Low biomass cover creates low and variable  

nutrient availability  
 

Ecological History & Habitat  
Both the Rough Harvester Ant (Pogonomyrex rugosus) and the Banner-tailed Kangaroo Rat 

(Dipodomys spectabilis) of the Chihuahuan Desert are granivores, i.e., organisms that primarily thrive 

on seeds. This common resource reliance might equate to competition between the two species, 

particularly in nutrient-poor environs such as their mutual desert scrub brush habitat. However, the rats 

prefer larger seeds, while the ants are limited to smaller-sized seeds they can transport. Among other 

functions, both organisms use underground networks of tunnels for seed food storage. In fact, the 

harvester ant has adapted a very positive interaction in which the foraging and nesting behavior of the 

rat facilitates establishment sites and food availability for the ants. The outcome is increased organic 

and nutrient matter availability in the soil of the co-located habitats due to decomposition of both 

organisms’ metabolic wastes and food storage particles.  

 

Mechanism 
The rats’ underground tunneling and subsequent local foraging behavior produces a network of tunnels 

with raised-mound entrances surrounded by reduced-plant-cover areas. This configuration makes for 

an attractive ant-colony establishment site for several reasons. First, these social ants prefer to build 

their mounds in an area cleared of plants (Edelman 2012, Folgarait 1998). Second, the engineered 

disturbances of the rats’ abandoned mounds increase soil porosity, moisture infiltration, and fungal 

availability, which make for an excellent “head start” on the ant colony’s mound formation (Edelman 

2010; Folgarait 1998; Schooley, Bestelmeyer BT, Kelly 2000). The rats change the orientation and 

configuration of their burrows and associated entranceways to vary temperature and humidity levels for 

optimal food storage with changing seasons (Edelman 2010). The ants also construct their mounds for   

 Function 
How does nature use cooperative 

relationships for optimal resource 

management and outcomes? 

Image from: Whitney Cranshaw, Colorado State University, Bugwood.org. 

Biological Strategy 
Colonies leverage existing structures 

for optimal food forage and storage 

areas under scarce nutrient conditions 

Life’s Principles 
 Replicates strategies that work 

 Adapts to changing conditions 

 Locally attuned and responsive 

 Material and energy resource efficient 

 Uses life-friendly chemistry by 

breaking down products into benign 

constituents 

 Integrates development with growth 

by self-organizing 
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optimal seed food storage since they rely on food nutrients and moisture for energy and hydration 

(Folgarait 1998). Because both organisms need similar conditions for optimal seed food storage, this 

co-location strategy is very resource efficient for ants living in habitats with low biomass cover, i.e., 

metabolic fodder. Finally, the rats selectivity forage for large-seeded annuals, which sufficiently disturbs 

this coverage to make room for the smaller-seeded annuals, which the ants prefer, to establish nearby. 

As a bonus, there is nutrient detriment left behind from the discarded bits of the larger seeds. Overall, 

the Rough Harvester Ant leverages the work performed by the banner-tailed kangaroo rats without 

competing for the same resources. This facilitative relationship is scale dependent and degrades at 

distances over 10 meters between the rat mounds and ant colonies (Edelman 2012). 

 

 

 
(Left) Representative raised burrow systems built by banner-tailed kangaroo rats; (Right) Rough harvester 

ants build a cleared surface disc over these systems ~ 1 m diameter; Images from Edelman 2012 

 

 

Abstracted Design Principle (ADP) & Illustration 
Existing structures are retrofitted and located partially underground to create optimal ventilation and 

humidity levels for local resource collection, storage, and distribution in hot, dry climates. 

 

 

 
Structures partially underground for cooling; ventilation adaptive to 

changing temperature and humidity 
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Human-Design Applications 
 

● Berm adobe/Earth homes  
● Shipping container reuse 
● Domesticated animal shelters 
● Urban infill—building retrofitting 
● Variable refrigerant flows; geothermal wells 
● Outbuildings for storage of sensitive contents, e.g., food, electronics, medicines (for electronics 

illustrated below) 
 

 

 

 
Shipping container reused and augmented to provide climate modulation for sensitive electronics in areas 

of high solar insolation and low humidity; shown here housing a transformer 
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Taeniopoda eques – Horse Lubber Grasshopper 
 

 

 

 

 

Operating Condition 
High temperature variability 
 

Mechanism 
The horse lubber grasshopper uses a variety of postures and shifts among microhabitats to regulate its 

temperature.  The expression and locations of these postures varies with the time of the day and are in 

response to environmental conditions. 

 

During the night, the grasshopper roosts near the tops of bushes.  Immediately following sunrise or 

anytime on cold days, it positions the long axis of its body perpendicular to the sun’s rays and rotates to 

expose its lateral surface to the sun, which maximizes its radiative heat gain.  This positioning quickly 

warms up the grasshopper, helping it to achieve thoracic temperatures up to 16 °C above the ambient 

temperature.  The black color of the grasshopper also serves to increase the absorption of sunlight.  

Once warmed up, the grasshopper descends to the desert floor to feed on low-growing annuals and 

mate.  On cool, cloudy, or windy days, it is also known to crouch, pressing its underside against a warm 

substrate, often a rock.   

 

As temperatures rise, the grasshopper stilts, standing or walking with its body lifted several millimeters 

above the ground to distance itself from radiative heat.  During the day’s peak hours of sun, the 

grasshopper limits sun exposure and minimizes radiative, convective, and conductive heating by 

moving into the base of thick vegetation or by clinging to the shady side of stems, with its lighter-

colored underside directed toward the sun.  Through positioning and shifting microhabitats, the horse 

lubber grasshopper can maintain stable body temperatures throughout the day. 

 

Abstracted Design Principle (ADP) & Illustration 
To maximize radiative heat gain, position the long axis of a dark-colored object perpendicular to light 

rays and rotate the object around its long axis to expose the lateral surface to the sun, and to minimize 

radiative heat gain during peak periods of light radiation, the object should be shaded.  

Function 
Regulate temperature 

Biological Strategy 
Vary position with respect to the 

sun to regulate temperature 

Life’s Principles 
 Use sfeedback loops 

 Leverages cyclic processes 

 Incorporates diversity 

 

Image: https://www.inaturalist.org/taxa/82018-Taeniopoda-eques 

 

 

https://www.inaturalist.org/taxa/82018-Taeniopoda-eques
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Absorption of light during low temperatures can be maximized by 

positioning, while avoidance of light during high temperatures can be 

maximized by positioning and shading 

 

 

Human-Design Applications 
● An automatically-adjusting base for solar panels or solar cookers positions itself with respect to the 

sun to maximize the exposure of the panels to sunlight 
● A thick insulating panel on the roof can expose a clear ceiling during winter day’s to warm the 

house and then moved to cover the home during the night to retain heat.  During summer, the 

opposite arrangement would be done (illustrated below) 
 

 

 

 
A home can be warmed during a winter day by maximizing light exposure and kept warm at night by covering with 

thick thermal insulation; to cool the house during summer, the thermal insulation is positioned oppositely.  
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Lepus californicus – Black-Tailed Jackrabbit 
 

 

 

 

Operating Condition 
High temperature variation 

 

Mechanism 
The Black-tailed Jackrabbit keeps itself cool by releasing heat from its body through its very large ears. 

This hare relies on the large surface area of ears to regulate its body temperature in the high heat. The 

blood vessels in the ears expand when the hare gets too hot, allowing heat to be released more quickly 

and efficiently. This is known as vasodilation. 

 

Abstracted Design Principle (ADP) & Illustrations 
Expansion of vessels as a means to release heat in order to regulate internal temperature relative to 

external temperature. 

  

 

Function 
How does nature regulate in 

high temperatures? 

Biological Strategy 
Regulate temperature by releasing or 

retaining heat via vasodilation of blood 

vessels in a large surface area. 
 

Life’s Principles 
 Is resource efficient 

 Fits form to function 

 Uses feedback loops 

 Adapts to changing conditions 

 Is locally attuned and responsive 
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Tubes expand to release heat and maintain temperature gradient 

 

 

Human-Design Applications 
● Method of cooling electronics 

● Decoupling controller (BDC) 

● Fluid/gas pump activatd by heat release 

● Adaptive radiant floor heating/cooling designs 

● Deployable radiator with adaptive fuction for heat pipes, cell phones, satellite systems, etc. 

● Method of heating/maintaining comfortable temperature in homes (illustrated below) 
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Heating system to maintain comfortable internal temperature 
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Geococcyx californianus – Greater Roadrunner 
 

 

 

 

 

 

Operating Condition 
High temperature variation  
 

Mechanism 
The roadrunner is a species of cuckoo that is widespread throughout the Chihuahuan Desert. It is a 

relatively large bird ranging from 18 to 24 inches in length, and is characterized by brown and white 

stripes with a distinctive head crest. These commonly solitary birds are opportunistic predators of 

insects, small mammals, and reptiles. 

 

In addition to many other adaptations to the desert conditions, such as reabsorbing water before 

excretion and possessing a gland to remove excess salt, the roadrunner is able to efficiently 

thermoregulate throughout the course of the day. In order to increase and decrease the amount of solar 

radiation collected, the roadrunner sleeks and fluffs its feathers. Throughout the night, this creature is 

able to go into a temporary torpor condition in order to conserve energy, and throughout the day, dark 

patches of skin are exposed in order to increase heat absorption. During the heat of the day, the level 

of activity is also decreased by 50%. 

 

Abstracted Design Principle (ADP) & Illustration 
Operation energy requirements modulated to adapt to variations in ambient temperatures; adaptive 

threshold controlling mechanisms regulate temperature while exposure of dark colors increases 

infrared heat energy absorption and storage. 

 

  

Biological Strategy 
Conservation of energy in addition 

to dark colors and regulation of 

feathers allow for regulation of 

temperature in harsh conditions. 

Life’s Principles 
 Adapts to changing conditions 

 Is locally attuned and responsive 

 Leverages cyclic processes 

 Uses readily available materials & energy 

 Is resource efficient 

 Uses low-energy processes 

 Uses multi-functional design 
 

 

 

 

 

Function 
How does lower surface 

temperatures during wide  

ambient temperature variations? 

Image By G Fry Photo at:https://www.nps.gov/whsa/learn/nature/roadrunner.htm 

 

 

 



THE GENIUS OF THE CHIHUAHUAN DESERT 

53 

  
Dark colors absorb heat from solar radiation 

 

 

Human-Design Applications 
● Heat exchangers 
● Thermostat designs 
● Solar hot water heaters and/or treatment systems (illustrated below) 

 

 

 
Solar panels and solar water treatment systems provide a 

surface for energy to be collected and converted in an efficient 

manner in order to purify water. 
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– Desert Bighorn Sheep Ovis canadensis mexicana 

 

 
 

Operating Condition 
High diurnal temperature variations  
 

Ecological History & Habitat  
The Desert Bighorn Sheep (Ovis Canadensis Mexicana) of the Chihuahuan Desert is one of many 

ungulates, a.k.a., hoofed-mammals, introduced to North America during the Pleistocene via the Bering 

Strait. These sheep now have a wide distribution throughout this ecoregion. The Desert Bighorn Sheep 

prefers to range the semi-open foothills of rugged mountain slopes, ridges, cliffs, and canyons. They 

may shift from higher to lower elevations depending on the severity of the seasonal weather and/or 

water resources but do not stray far from their foothills habitat where “forage, water, and escape terrain” 

resources are most available (USF 2018). Many mammals have evolved to deal with the heat and wide 

temperature variations of the desert via behavioral and/or physiological strategies. The Desert Bighorn 

Sheep has several such strategies, e.g., behavioral modification such as timing their activity during 

cooler periods of the day, orienting their body under shade or with the away from the sun, using 

microclimates such as bedding on cooler substrates; and physiological mechanisms such as reducing 

water loss of metabolic excretions (Cain, Krausman, Rosenstock, Turner 2006). However, they also 

have evolved to have specific pelage, i.e., fur characteristics to manage the wide daily swings in 

temperatures that occur in the Chihuahuan Desert. 

 

Mechanism 
Temperatures in many areas of the Chihuahuan Desert can vary widely—by as much as 40 degrees 

Celsius at ground surface on a daily basis (Gestel et al. 2016). The Desert Bighorn Sheep (Ovis 

Canadensis Mexicana) has evolved specific patterns in the thickness and coloring of their fur for diurnal 

thermoregulation. Relative to non-desert ungulates, these sheep have thinner, less wooly hair overall, 

which increase the effectiveness of evaporative cooling. Their hair is thickest on their backsides, which 

insulates them from the solar radiation that side receives all day. This thicker back hair is also lighter  

 

Image from: Terry Gonzales .at http://cabezaprieta.org/index.php. 

 
Function 
How does nature maintain even internal 

temperatures under highly fluctuating 

ambient temperature conditions? 

Biological Strategy 
Fur coloration and thickness optimize 

insulation from and reflection of daytime 

solar radiation, while thinner extremities 

absorb and retain heat for cold nights 

Life’s Principles 
 Fits form to function 
 Adapts to changing conditions 
 Is locally attuned and responsive 

by leveraging readily available 
energy & cyclical processes 
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 colored than non-desert ungulates, which increases the reflectivity of high daytime solar radiation. The 

lightest coloring is often a thick tuft on their rump, helping thermoregulate at one of the spots on their 

body most vulnerable to solar radiation. On their ventral surfaces, e.g., on their chests, under their 

arms, on their genitalia and groin, they have little to no hair, which creates a convective air current 

pulling heat away from their body (Cain, Krausman, Rosenstock, and Turner 2006). However, their hair 

tends to darken as it moves down the haunches, promoting solar absorption during the day and 

retaining heat in their thinner extremities for the cooler nights. 

 

 

    
(Left) Ovis Canadensis Mexicana with white rump, thick back hair, and thinner dark ventral hair; Image from 

UniProt Data at: imagesS3.enature.com; (Right) Two Ovis Canadensis Mexicana showing their white rums and 

dark ventral hair; Image from Tucson.com 

 

 

Abstracted Design Principle (ADP) & Illustration 
To aid a structure to maintain internal temperatures under high variations in ambient temperatures, 

external covering thickness and coloring are configured as follows: a thick, light-colored fiber covering 

increases the albedo of and insulates fascia exposed to solar radiation; while, vertical and lower fascia 

have a thin, dark-colored fiber covering that retains heat under wide, diurnal temperature swings. 

 

 

 

 
Vertical fascia covered with dark, short fibers absorb heat while 

horizontal coverings are thick and light-colored to insulate from 

and reflect solar radiation; configuration creates a convective air 

current to maintain internal temperatues 
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Potential Applications 
● Storage tanks and/or grain mills in arid regions 
● Tent skins and/or other outdoor enthusiast or military textile coloration and texturing 
● Building façade and/or glazing units–texture and color design for temperature regulation 
● Design of skins for long-distance, over-the-road vehicles, e.g., Greyhound buses, R.V.s 

(illustrated below) 
 

 

 

 
Long-distance, over-the-road vehicles experience wide variations in diurnal temperatures; strategic 

façade texture and coloring passively aids in maintaining even internal temperatures 
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Rhus trilobata – Skunkbush Sumac 
 

 

 

 

 

Operating Condition 
Geographical isolation 
 

Mechanism 
The Skunkbush Sumac is found living in the gypsum sand dunes of the Chihuahuan Desert (in the 

protected White Sands National Monument). This region of gypsum sand dunes can be considered a 

“desert within a desert,” as the unique conditions here have resulted in plant adaptations, including 

those of the Skunkbush Sumac, that are very different than those in other regions of the Chihuahuan 

Desert. What is particularly unique in the White Sands region is that in springtime, winds blow from the 

southwest at 50 miles per hour, causing the sand dunes to shift. To survive, the Skunkbush Sumac 

stabilizes itself by forming large pedestals of cemented sand. 

 

This plant is able to grow its roots deep into the ground, tapping into and absorbing water from the 

water table. As it transports water from the roots up into the plants, some of the water is released from 

the roots into the surrounding gypsum sand. The water binds the grains of gypsum sand together like 

cement. Over time, the cemented sand encases the root structure, forming a solid mound of gypsum 

called a pedestal. When the strong winds of spring blow across the dunes and move sand, the plant 

stays put, fixed to the ground thanks to its root-bound gypsum pedestal. The sumac plant grows on top 

of the pedestal and provides wildlife with shelter, shade, and food in the form of its red berries. 

 

Abstracted Design Principle (ADP) & Illustration 
For an isolated object that needs to be stabilized on a substrate whose surface is moved by fluid flow, 

attach a long, fractal network of tubes to the object, create a cavity within the substrate into which the 

network of tubes can be placed, and then fill the cavity with a material that, upon drying, will solidify 

around all the tubes within the network. 

 

  

 
Function 
Attach to an unstable substrate 

Biological Strategy 
Vary position with respect to the sun to 

regulate temperature 

Life’s Principles 

 Builds from the bottom up 
 Does chemistry in water 
 Uses readily available materials 

and energy 

Image By Mother Earth ©2018 – EarthScenergy.com 
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An object can be stabilized in an unstable substrate with deep, fractally 

configured tubes embedded in a solid material 

 

 

 

Potential Applications 
● Medical implants 
● Foundations for buildings that sit on unstable soil, e.g., floodzone structures 
● Data- or image-collecting devices on seafloors or desert sand dunes (illustration below) 
 

 

 

 
A data-collecting device stabilized within the sea floor 
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Holbrookia maculata ruthveni–Bleached Earless Lizard 

 
 

 
 

 

Operating Condition 
Geographic isolation 

 

Mechanism 
Scientists have been studying the possible mechanisms of light-colored animals at White Sands for 

decades. It has been noticed that there is the ability in particular to lizards in the area to change their 

color depending on external stimuli. This could be the color of the landscape soils or temperature. 

These lizards did show variation in color when exposed to colder temperatures, turning slightly darker. 

However, it was ultimately determined that the white coloring was fixed genetically from gene 

mutations. It appears to be on its way to becoming a distinct species as mate choice is dependent upon 

coloration display. 

 

Abstracted Design Principle (ADP) & Illustrations 
Adjusting color schemes to the surrounding environment to blend in or as a means to ‘not stand out;’ 

altering color accordingly as needed. 
 

 

 

 
Color schemes adapt to surroundings 

  

 

Function 
How does nature camouflage 

in unique conditions? 

Biological Strategy 
Alter color scheme to blend 

into the environment. 

Life’s Principles 
 Evolves to survive 

 Is resource efficient 
 Adapts to changing conditions 

 Is locally attuned and responsive 

Image By Emily at: https://www.inaturalist.org/people/raindrops 
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Human-Design Applications 
● One-way mirrors  
● Adaptive cosmetics 
● Anti-counterfeiting technologies 
● Optoelectronic camouflaging systems 
● Adaptive paint for aesthetics in infrastructure, e.g., power lines, houses, cars, buildings 
● Camouflaging textiles, e.g., clothing for outdoor naturalists, researchers who do not want to be 

seen easily by other organisms (illustrated below) 
 

 

 

 
Adaptive camouflaging in textiles for clothing 
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Gopherus flavomarginatus – Bolson Tortoise 
 

 

 

 

 

Operating Condition 
Geographic isolation  
 

Mechanism 
Bolson tortoises are the largest terrestrial tortoise in North America and are endemic only to the specific 

region of the Bolsón de Mapimí in Mexico. These organisms are federally endangered due to habitat 

loss and past poaching efforts. The species’ range includes semi-arid areas with elevations 

approximately 1,500 meters. Characteristic desert scrub vegetation (halophytic grass) comprises 60% 

of the tortoises’ diet. 

 

Bolson tortoises construct burrows 2 meters deep and 8 meters long for refuge from predators and 

weather conditions. These burrows are an important part of survival as these organisms spend 

approximately 95% of their time underground. In addition to being an indication of social structures and 

social aggregations, the burrows provide opportunistic protective habitats to other animal species once 

being abandoned by the tortoises. 

 

Abstracted Design Principle (ADP) & Illustration 
Underground expanses 2 meters deep and 8 meters long provide protection from external pressures. 

Cavities utilize stable subterranean/substrate temperatures to regulate heat gain and loss. 

  

 

Function 
How does nature protect from harsh 

abiotic conditions? 

Biological Strategy 
Construction of underground burrows 

provides protection from external pressures 

such as predators and climate variation. 

Life’s Principles 
 Uses feedback loops 
 Leverages cyclic processes 

 Adapts to changing conditions 

 Is locally attuned and responsive 

Image By David Morafka at: http://nytts.org/proceedings/aguirre.htm 
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The location of underground cavities provides protection from external 

pressures, such as intense sunlight. 

 

 

Human-Design Applications 
● Space vehicles 
● Air pressurization in planes (illustrated below) 
● Geothermal heating and cooling technologies  
● Underground areas for recreation, sanctuary, storage, work environments, emergency, and 

travel to and from sites 
● Submersible vehicles/submarines [pressurized chambers that are capable of underwater 

excursion] 
 

 

 

 
Airplane cabins are pressurized, ensuring an optimal environment for 

passengers. Air pressure is increased as the plane gains altitude. 
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Fouquieria shrevei – Foughuieria 
 

 

 

 

Operating Condition 
Geographical isolation creates islands of gypsum-rich soil deposits 
 

Ecological History & Habitat  
Surface gypsum, which is hydrated calcium sulfate or CaSO4*2H2O, is deposited in isolated patches 

throughout the Chihuahuan Desert. Over 200 million years ago, this area was part of the Pangaean 

supercontinent that was covered by the Permian Sea. Many layers of gypsum sands were left behind 

from seafloor deposits during this time (NPS 2015). Later, after the most recent Ice Age, gypsum 

crystals, a.k.a., selenite were left behind from the evaporated Lake Otero, which was formed from 

gypsum-laden snowmelt (NPS 2015). This crystalline form has been transported on winds since to form 

the gypsum sand islands of present day. These high sulfate soil conditions are hostile to the growth of 

most plant types. However, research suggests that gypsophilic flora such as the Fouquieria shrevei 

have evolved to thrive in these deposits several million years ago (Moore and Jansen 2007). This plant 

has a reduced trunk and stems without branching that grow out of a single base. Because the 

gypsophiles’ growth is restricted to the gypsum substrates and the gypsum islands can be 5-50 miles 

apart (Aguirre-Liguori et al. 2014), it is surprising to find gypsophile species distributed throughout the 

ecoregion. However, plants such as F. shrevei have adapted abiotic seed dispersal methods in addition 

to being pollinated by desert insects (Aguirre-Lihuori et al. 2014). That is, the seeds do not always 

require pollinators and can leverage strong winds to disperse seeds between gypsum islands. The F. 

shrevei succulent is unusual in that it is the only Fouquieria species restricted to the Chihuahuan Desert 

(Henrickson 1972). Further, it has dark orange and very spiny stems containing vertical resinous wax 

bands. These bands contain ellagic acid, isoquercitrin, rutin, caffeic acid, and scopoline resins (Scogin 

1978), which may prevent seed dispersal interruption from grazing animals. There is some evidence 

that the establishment of these plants gypsum-restricted plants is assisted by fungal symbionts (e.g., 

soil crusts) that help transfer nutrients and water during seed germination (Porras-Alfaro et al. 2009). 

  

 

Function 
How does nature move solids long distances through air?  

Image from Moore 2015 

Biological Strategy 
Hard, tiny, and winged seed morphology leverages 

mechanical wind forces to disperse and protect seeds 

traveling over long distances (>10 miles) 

Life’s Principles 
 Uses readily available energy 
 Combines nested and modular components 
 Fits form to function & uses a multi-functional design 
 Evolved to survive by replicating strategies that work 
 Adapted to changing conditions by incorporating 

diversity 
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Structure & Mechanism 
The Fouquieria shrevei succulent is an angiosperm, i.e., flower- and seed-producing plant that has 

evolved “winged” seeds to facilitate long-distance anemochory, which is wind-aided seed dispersal 

(Moore 2015, Schonenberger 2009). Given this plant’s unique restriction to the gypsum “islands” of the 

Chihuahuan Desert and the surrounding area’s low diversity of pollinator species, this seed dispersal 

adaptation has aided in population dispersions within the ecoregion. However, the F. shrevei 

populations still have a narrowly restricted range, i.e., at the province level, being particularly prevalent 

in Coahuila, Mexico (Redfern 2008). This species has a small (8-20 mm), flat, and elongated seed with 

an outer coating that forms lateral “wing” shapes (Henrickson 1972). The seed has micro-sized 

covering of narrow, matted, cylindrical hairs. These hairs, a.k.a. trichomes, are arranged as three 

elongated helices that successively intertwine to form the cell wall thickening (Henrickson 1972). This 

helical thickening forms the papery thin wings that provide the seed with optimal aerodynamics for 

gliding aloft in the desert winds. That is, the seed anatomy has a positive lift-to-drag ratio, increasing its 

wind resistance rendering it buoyant. The seed coats may also serve to arrest seed growth keeping it 

sufficiently small and light for air travel (Schonenberger 2009). When the seeds dry out, they fall from 

the plant2 and stay aloft in the winds for long distances, i.e., between 5 and 50 miles (Aguirre-Liguori, 

Scheinvar, Eguiarte 2014). This long-distance dispersal strategy and mechanism does not ensure 

landing in another gypsum patch but increases such likelihood. 

 

 

               
 

(Left) Seed “wing,” fringe and (Middle) cross-section of mature seed of Fouquieria splendens, which are nearly 

identical to that of F. shrevei, and (Right) a close-up of the membrane mat and individual helical trichomes that 

distinguish F. splendens and F. shrevei from other Fouquieria species (Henrickson 1972) 
 

 

 

Abstracted Design Principle (ADP) & Illustration 
 

Three lightweight, elongated and microfiber helices intertwine to form hundreds of cylindrical 

protrusions around an elongated and flattened disk (8-20 mm diameter), collectively shaping a lateral 

fringe that provides a positive lift-to-drag ratio and optimal aerodynamics for wind gliding for up to 8-80 

km.  

                                                           

2   In botany, this process is referred to as “diaspore abscission” or the separation of the seed-bearing part of the plant from the plant itself. There is 
sufficient material on this topic for the Fouquieria family of plants that it could quality as a second strategy and mechanism for functions such as “how 
does nature detach or launch?” 



THE GENIUS OF THE CHIHUAHUAN DESERT 

65 

 
 

Micro-helices of fiber composites are intertwined to in a hierarchical configuration to 

form flexible, lightweight lateral wings with high mechanical strength 

 

 

Potential Applications 
● Passive dynamic flight stability for micro air vehicles (MAV) (illustrated below) 
● Sensors for operations in hazardous sites with aerial access 
● Remote-controlled weather sampling devices 

 

 

 

 
MAV with lateral wing design for flight stability  
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Agave lechuguilla – Agave Lechuguilla 
 

 

 

 

 

Operating Condition 
High soil alkalinity 
 

Mechanism 
Agave Lechuguilla is found only in the Chihuahuan Desert and grows on highly alkaline, calcareous 

soils. Excess calcium is managed by minimizing the influx of calcium using selective plasma ion 

channels that recognize excess calcium ions and prevent their transport through membrane proteins 

into the plant. In case of an over-accumulation of calcium within the plant, efflux and sequestration are 

maximized. This is accomplished through membrane ATPases, enzymes that catalyze transmembrane 

movement of substances out of the system, and Ca2+/H+ antiporters, which are integral membrane 

proteins that are involved in secondary active transport of two or more different molecules or ions in 

opposite directions across a membrane; as Ca2+ is transported out of the plant’s system, H+ is 

transported in. 

 

To manage excess carbonate in soil, the roots have a higher organic acid content, which helps to 

neutralize carbonate ions that enter the roots. The plant will increase its production of organic acid in 

response to an increase in soil alkalinity. 

 

Abstracted Design Principle (ADP) & Illustration 
When a system resides in an environment with an excess of a particular compound/material, manage 

the balance of that compound within the system by minimizing the entrance of that compound/material 

into the system using passageways that recognize and reject that material once the maximum capacity 

of that material within the system has been reached. 

  

 

Function 
Prevent excess nutrients from 

entering or accumulating 

Biological Strategy 
Minimize uptake of alkaline compounds 

using selective ion channels and maximize 

efflux with ATPases and Ca
2+

/H
+
 antiporters 

Life’s Principles 
 Uses feedback loops 
 Does chemistry in water 
 Uses low process energy 
 Incorporates diversity 

ImageImage By Stan Shebs, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=105490 
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A system’s chemical balance can be maintained when surrounded by excess chemical by  

blocking, storing, and expelling the chemical 

 

 

 

Potential Applications 
● Storm drainage management, e.g., gutter systems 
● Medical applications, such as blood filters to remove a component in excess 
● Water filtration system to remove excess nutrients and minerals from the water (illustrated below) 
 

 

 

 
A water filter that uses ion-selective membrane can both purify water and collect ions that could be used to create 

a basic product that can be used in a variety of different applications 
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Atriplex canescens – Four-wing Saltbush 

 

 
 

Operating Condition 
High soil alkalinity and salinity 

 

Mechanism 
Saltbush is widespread because it is a plant that can tolerate environments with little water and high 

saline soil content, which are synonymous with desert conditions. It is able to maintain a nice internal 

balance in these salty conditions by adeptly transferring any excess salt out onto the surface of its 

leaves 

 

Abstracted Design Principle (ADP) & Illustrations 
Efficient scheme of pumps, channels and bladders to filter and release substance(s) and maintain clean 

system. 

 

  

 Function 
How does nature manage solutes 

in high saline conditions? 

Biological Strategy 
Osmotic adjustment to salinity by releasing 

salt onto the surface of its leaves. 

Life’s Principles 
 Evolve to survive 

 Adapt to changing conditions 

 Use life-friendly chemistry 

 Be resource efficient 
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Pumps-channel-bladder system filters system 

 

 

Human-Design Applications 
● French drain designs 
● Blood-plasma purification 
● Desalination (illustrated below) 
● Photobioreactor slurry dewatering 
● Portable bladder pumps for water sampling 
● Biohazardous filtration at public sewer systems and/or industrial waste sites 

 

 

 

 
Desalination ‘plants’  
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Allenrolfea occidentalis – Iodine bush 
 

 

 

 

 

Operating Condition 
Soil alkalinity + Salinity  
 

Mechanism 
The iodine bush is a member of the chenopod, a.k.a. “Goosefoot” family of plants, which thrive in 

alkaline and salty soils in dry, desert areas. These plants are known as halophytes, which are salt-

tolerant plants. The iodine bush thrives in places with 1-1.5% salinity, but it can also grow in places with 

3-4% salinity. It is a type of shrub with distinctive succulent sections arranged in a chain on the stem. 

The name iodine bush refers to the brownish-colored, salty liquid that is contained within its tissues. 

 

This excretive halophyte is capable of excreting the excess salt from its plant organs using Na-K 

ionized pumps within specialized cells. The genus Chenopodium exhibits specialized hairs, known as 

vesiculated trichomes, which are present on the leaf surface. These hairs can burst, releasing the salt 

back into the environment. These plants also exhibit succulent, waxy surfaces, which are used to limit 

the amount of UV radiation that reaches photosynthetic cells. This limits the number of created reactive 

molecules. 

 

Abstracted Design Principle (ADP) & Illustration 
A system of channels and specialized fibers terminally capped with small fluid-filled sacs work in 

coordination to store, excrete, and release solutes. 

  

 

Biological Strategy 
Ionized pumps regulate salt levels 

within cells and excrete excess onto 

specialized hairs, which in turn, burst 

to release it into the environment 

Function 
How does nature filter solutes in 

alkaline conditions? 

Life’s Principles 
 Be resource efficient  

 Adapt to changing conditions 

 Be locally attuned and responsive 

ImageImage from the Calflora Database at: http://www.calflora.net/bloomingplants/iodinebush. 

 

 

 

 

 

 

 

 

http://www.calflora.net/bloomingplants/iodinebush
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A system of micro-wicking channels work together in order to excrete and 

release solutes at the surface of the structure. 

 

 

Human-Design Applications 
● Solution purification inserts 
● Moisture-wicking fabrics, e.g., textiles for clothing, outdoor equipment (illustrated below) 
● System to collect valuable substances [metals, rare earth elements] from fluid waste streams 

 

 

 
Moisture-wicking fabrics draw moisture away from the skin, which allows heat to be retained.  
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Cyprinodon tularosa – White Sands Pupfish 

 

 

 

 

 

Operating Condition 
High salt content of alkali flats and flash floods create widely varying salinity levels in freshwater 
 

Ecological History & Habitat  
Not only are the soils of the Chihuahuan Desert alkaline but many brackish and saltwater springs and 

pools have been created from the alkali flats of what was once a seabed and the ancient Lake Otero. 

The evaporation of these ancient water bodies has left behind gypsum sands, crystalline selenite 

flakes, and other minerals, including the equivalent to table and Epsom salts (NPS 2015). These 

minerals inflict a high salinity on many permanent and temporary pools and springs that have formed in 

the area—at levels 2-4 times that of seawater salt and well beyond the lethal dose for most freshwater 

fish, i.e., ranging from 2-3 times that of seawater (Rugowski 2004). The White Sands Pupfish or 

Cyprinodon tularosa is a small fish (usually < 3 inches in length) that is endemic to and named after the 

Tularosa Basin of southern New Mexico. This omnivorous fish is one of few organisms that tolerate the 

alkali highly saline freshwaters of this area (Miller & Echelle 1975). The White Sands Pupfish is highly 

euryhaline and thermotolerant, i.e., adapted to tolerate high salinity and temperature fluctuations, 

respectively, and can even tolerate low oxygen levels in the ambient water. Per Rugowski 2004, the 

harsh conditions of the saline pools have created an isolated habitat and likely constrain parasite 

infections or exotic invasion. Further, the pools are located within the White Sands Missile Range 

military base, which controls habitat disturbances such as developmental pressures and further 

minimizes invasive species.  

 

Mechanism 
Because the highly saline freshwaters in which the White Sands Pupfish (Cyprinodon tularosa) thrives 

undergo flash flooding, the salinity and alkalinity levels can vary greatly—from near zero to at least 

three times the level of seawater, i.e., ~0-100 g/kg (Rugowski 2004). These pupfish have a remarkable 

osmoregulating ability to compensate for the wide swings the ambient liquid ionic concentration. Per   

Function 
How does nature separate solutes from water? 

©Chris Newsom-Las Cruces Museum of Natural History 

Biological Strategy 

Uses well-developed renal port system to 

reduce saline stress response and adjust to 

widely varying ambient liquid salinity levels 

Life’s Principles 
 Adapts to changing conditions 
 Uses life-friendly chemistry 
 Evolves to survive by reshuffling information 
 Is locally attuned and responsive by using 

feedback loops & leveraging cyclic processes 
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Rugowski 2004, the White Sands Pupfish is more similar in genetics to those of the Gulf of Mexico than 

the close-by Pecos pupfish. Likely, C. tularosa was introduced from the gulf before the Wisconsin 

glaciation, i.e., last Ice Age (Miller and Echelle 1975). Rather than drinking water or exhibiting migrating 

and avoidance behavior or gill ion channels as with many estuarine and marine fish, these habitat-

restricted “freshwater” fish have enhanced gene expression for regulating their salinity stress response 

at their kidneys (Kultz 2015, Kultz and Wang 2017). Anti-diuretic hormones (ADHs) are released in 

response to the cellular osmolality and control how much water the fish retains (Balment et al. 2006). In 

these fish, the kidneys cell walls can be both permeable and impermeable. Per Balment et al. 2006, the 

renal effects of the hormones “in the absence of the mammalian loop of Henle organisation, rely less 

upon tubular actions and more upon adjustments in rates of glomerular filtration.” The ADHs levels are 

detected by receptors on the smooth muscle surrounding the renal collecting duct. These receptors 

stimulate vessels to constrict or open around the kidney glomerulus such that the filtration rate can be 

controlled to dynamically adjust to ambient salinity levels. When the water levels rise during temporary 

flood events, the ambient salinity levels decrease. In this case, the fish constricts glomerular filtration to 

retain salt and release water, thereby maintaining osmotic equilibrium. Conversely, when the pools 

evaporate under high insolation and heat conditions, the ambient salinity levels increase significantly. 

Under these more frequent conditions, the fish opens the vessels that control glomerular filtration 

increasing water retention and excretion of salt via highly concentrated urine. 

 

 

 
(Left) Arrow shows arterioles entering fish renal glomerulus body (stained for photo) with bar 

(lower right) marking 100 um; (Right) Arrow shows blood vessels (stained for photo) of the smooth 

muscle around the collecting duct of the fish renal glomerulus with bar (lower right) marking 100 

um. Images from (Balment et al. 2006). 

 

 
Scanning electron micrography photo showing the branched structure of podocytes, i.e., 

filtration units around capillaries within the glomerulus body; Image from Hitology@Yale at: 

medcell.med.yale.edu  
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Abstracted Design Principle (ADP) & Illustration 
Aqueous solution is pumped into a sphere-shaped mesh of winding microscopic tubes that narrow as 

the walls becomes multi-layered and fenestrated with a gradient of nano-sized apertures, from ~ 100 

nm down to < 20 nm, maintaining high capillary pressure, which forces solutes out the holes—

according to molecular size and electrical charge—and into the collection capsule, in which the meshed 

configuration sits, while the filtered water flows on to the tube’s exit port. Depending on variations in 

solution concentration, electrochemical sensors at the walls of the mesh entry- and exit–ports detect 

solution molarity and send signals to mechanical pressure cuffs that contract or deflate to narrow or 

broaden the port(s), respectively, in order to change the internal fluid pressure and resulting filtration 

rate. 

 

 

         
Top left shows the outer unit with electrochemical sensors that activate mechanical pressure cuffs to change the 

fluid pressure; bottom left shows a cutaway of the unit with mesh of microscopic tubes; top middle shows the 

multi-layer fenestrated walls; bottom middle shows the narrowing of tube diameters as walls are multi-layered; on 

right, is the interior sieve action at the walls showing the gradient of nano-sized apertures. 

 

 

Potential Applications 
● Saltwater fish tanks 
● Chemicals production and purification 
● Finishing water treatment plant applications 
● Adaptive reverse osmosis for feedstock with variable concentrations, e.g., for small-supply, 

brackish tide water adaptive water desalinization (illustrated below) 
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Brackish water with varying salinity levels enters the small-supply, adaptive osmosis system via a macro-filtration 

tank; the electrochemical sensors regulate the fluid pressure based on varying salinity levels; salt and minerals 

are extracted and fresh water is produced at rates ~ 1 L/min 

  

Sensor-Activated 

Pressure Cuffs 

Macro-filtration 

Tank 
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APPENDIX A SCOPING PHASE 

KEY OPERATING CONDITIONS/CHALLENGES/OPPORTUNITIES/FUNCTIONS  

Operating Conditions Challenges Opportunities Functions 

Precipitation: Range of 150 to 400 mm (6 to 16 in) per year; Annual 

mean of 235 mm (9.2 in) (UNM 2017); Low precipitation for most of the 

year, punctuated with summer monsoons; overall evaporation exceeds 

rainfall; summer rainfall dominated system with a dry spring (Gestel et al. 

2016) 

Low water availability; inconsistent water availability; high 

evapotranspiration 

High transfer of latent 

heat; produces “production 

pulses” in the ecosystem 

(Havstad et al. 2006) 

How does nature collect, store, and conserve 

water? How does nature reserve water? 

How does nature distribute water? How does 

nature leverage evaporation? 

Humidity: an average annual relative humidity of less than 50% (What’s 

Involved 2006); low humidity 

High potential for evaporation, evapotranspiration, and 

desiccation; low-moisture availability 

Inhospitable environment 

(i.e., desiccation) for 

certain hydrophilic but 

harmful bacteria 

How does nature maintain moisture? How does 

nature preserve water? 

UV Radiation: Clear skies, high altitudes, and southerly location enable 

the Trans-Pecos (in the Chihuahuan Desert; the portion of Texas that lies 

west of the Pecos River) to receive the highest mean annual solar 

radiation of any location within the United States. (Nored 2012) 

High solar radiation; high heat Consistency of high diurnal 

light availability 

How does nature manage UV light? How does 

nature use solar energy? How does nature 

protect surfaces from UV light?) 

Temperature: summer temperatures in the range of 35 to 40 °C (95 to 

104 °F); cool or cold winters with occasional frosts; can have snow and 

frozen temperatures in high elevations; annual temperatures in most 

areas are moderate but can be extreme variation particularly as correlated 

with elevation; many lower arid soil temperatures can vary by > 40 

degrees C on a daily basis (Gestel et al. 2016) 

Temperature variances diverse; most areas hot throughout 

the day, some cold and/or frozen at night and/or during 

winter; variances throughout the year; evapotranspiration 

very high during daylight hours; high soil temperature 

variations 

Consistency of heat 

availability in most areas 

How does nature regulate temperature? (How 

does nature radiate/conduct heat? How does 

nature cool?) 

Soil Quality: “The majority of the region is composed of sedimentary 

rocks of marine origin, though certain portions of the mountains are of 

igneous origin” (WWF 2018a); rocky, alkaline soils rich in gypsum and 

limestone (i.e., calcium sulfate and calcium carbonate, respectively); 

naturally-occurring radioactive radium and arsenic 

High evaporation of moisture increases salt content over 

time; high salt leaching in rainfall events; low nutrient 

availability; plant-soluble iron-deficiency; shallow-root 

opportunities; crusty when dry; highly erodible when wet  

High pH buffer capability How does nature cycle nutrients? How does 

nature reserve nutrients? How does nature 

control erosion and sediment? How does 

nature operate in alkaline conditions? 
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Topography: Broad, high elevation desert plateau flanked by mountain 

ranges (i.e., rain shadow desert) and other geographical features such as 

playas, grasslands, woodlands gypsiferous dunes, and lava malpais creating 

pockets of various smaller ecosystems; 90% of the desert sits between 1100-

1500 m (3600-5000 ft) with the highest point at 2400 m (8000 ft); montane 

regions have gentle slopes with high exposure to climatic elements 

Isolation ; habitat variation ; erosion 

vulnerability 

Isolation ; multiple habitat sub-regions 

(e.g., for migration) 

How does nature cooperate within and between 

ecosystems? (How does nature cooperate within 

and between species?) 

Wind: Westerly winds prevail over the Chihuahuan Desert for approximately 

two-thirds of the year. Dust storms may create walls of dust over 2 miles high 

and fronts 50 miles wide that can travel over 70 mph. 

Wind disturbances; erosion 

vulnerability; mechanical stress. 

Seed dispersal vector; high 

mechanical energy harnessing 

potential 

How does nature protect from wind? How does 

nature leverage mechanical energy from wind? 

Dust disturbances Harnessing mechanical and abrasion 

energy 

How does nature protect against abrasive forces? 

How does nature maintain clean surfaces? 

Resources/Nutrients: Isolated gypsum (hydrated calcium sulfate) deposits 

tend to create hard crust when dry and erodes quickly when exposed to 

runoff/moisture (Moore and Jansen 2007); limestone-rich soils 

Prevents build-up of soil organic 

matter; low nutrient availability; plant 

germination difficult 

Niche species factor (i.e., unique 

substrate requirements); low-

competition 

How does nature operate in discontinuous and 

unpredictable conditions? 

Vegetation: shallow-rooted grasses and deep-rooted woody plants (Havstad 

et al. 2006); shrubs dominate covering 55% of the desert (Dinerstein et al. 

2000); specifically, Creosote, mesquite, and burroweed species are common; 

prickly pear species also survive well because of their shallow-root systems; 

gypsophiles such as Acleisanthes and Anulocaulis, Nerisyrenia, Nama and 

Tiquillia, Drymaria, Fouquieria, Argemone, Mentzelia, Calylophus, Gaillardia, 

Sartwellia, Haploesthes, Xanthisma, Sporobolus, and more (Moore 2015) 

Plants with shallow-root systems, 

though surviving drought well, translate 

to erosion vulnerability 

Two-layer water storage; shallow and 

deep-soil water pools (Havstad et al. 

2006) 

How does nature achieve productivity and 

differentiation in a pulse-reserve paradigm? 

Atmospheric: Clear skies, high elevation, relatively low-urban pollution Little to no cloud cover to provide 

insulation to life 

  

Freshwater use: Rio Grande/Rio Bravo watershed resulting from mountain 

runoff and recharged by tributaries such as the Rio Conchos and Pecos River; 

per WWF 2018b, freshwater resources are severely over-allocated due to 

agricultural use for alfalfa, pecans, cotton, etc. (90% of human allocated use), 

factories and domestic use for > 13 million humans, high evaporation rates 

Over-allocated and depleting 

freshwater surface and groundwater 

Existence of natural and traditional 

acequia water networks 

How does nature distribute and store water to 

prevent evaporation? 
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Biogeography: Mix of Rio Grande valley watershed, xeric shrubland, and 

montane grassland (in alpine and subalpine regions); gypsophiles, i.e., plants 

restricted to gypsum (Moore and Jansen 2007); mixed conditions result in 

variations in the diversity of species frequency and occurrence (USDA 2004); 

microbes survive high soil temperature variations by leveraging dormancy 

 

Variations in soil organic matter and 

opportunities for plant seed 

germination; variations in food 

availability for higher-trophic-level 

species 

Low-metabolic activity presents 

advantage 

How does nature leverage metabolic dormancy? 

Natural disturbances: cyclically-occurring droughts; naturally-occurring 

sparse Creosote, mesquite, and burroweed species major invasion and 

competition with other vegetative species after 19th-century drought event; 

climate-change 

Decreased grassland; desertification; 

shifting patterns of vegetation, 

abundance, and species succession; 

species migrations; reduced species’ 

drought-resistance (USDA 2004) 

Low-competition  How does nature leverage niche differentiation? 

Anthropogenic disturbances: Historical, i.e., > 1890’s “cattle era” livestock 

overgrazing; loss of soil space via compaction; hunting and habitat destruction 

of keystone grazers such as buffalo and prairie dog; human fire regime 

mismanagement resulting in decreased natural fire events (USDA 2004); 

railroad and urban infrastructure; misplaced recreation trails 

Depletion of grasslands and general 

vegetation (particularly palatable plant 

species); desertification; decreased 

biodiversity; increased erosion; water 

pollution; decreased soil organic 

matter; decreased watershed habitat; 

increased impervious surfaces; erosion 

vulnerability; general encroachment 

issues (e.g., reduction of floodplains, 

river corridor, and wetland habitat and 

buffers) 

To be further investigated  For further investigation throughout the project: 

How does nature recover from disturbance? 
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APPENDIX B OPERATING CONDITIONS FUTURE CONSIDERATIONS 

1. Global Air Patterns / Wind 
a. The Hadley Cell contributes to the creation of deserts, which is why most deserts, 

including the Chihuahuan Desert are located at approximately the same latitudes 
b. Desert rain shadow effect 

 
2. Precipitation 

a. During the monsoon months, the amount of precipitation is 2 to 3 times more than at 
other times of the year; how can this be an opportunity? 

b. How much of the total annual precipitation is snow? (Changing due to both natural and 
anthropogenic factors) 
 

3. Watershed 
a. Sources of water (besides precipitation) for organisms (e.g. rivers, streams, aquifers – 

depth of water table, etc.) 
b. Water allocations (physical, policy, economic issues) 
c. Closed drainage basin 
d. Traditional acequia systems 

 
4. Temperature 

a. Selecting a subregion with less variation on which to focus? 
b. Montane areas are less representative than xeric shrubland 

 
5. Humidity 

a. Further research on variations in air vs. at soil 
b. Research if and how plants harvest humidity given its scarcity 

 
6. UV radiation 

a. Clear skies 
b. High altitudes 
c. Southerly location  

 
7. Fire Regime 

a.  “Within Chihuahuan Desert grasslands, natural fires occur before the monsoon season, 
when an increased frequency of lightning strikes ignites built up supplies of dead 
aboveground biomass.” (Ladwig 2014) 

b. Natural fire regime vs. human managed fire regime 
 

8. Topography 
a. Driver for species isolation 
b. Driver for variations in niches 

 
9. Soil quality 

a. Limestone and gypsum-rich 
b. Alkaline 
c. Porosity; how soil porosity affects water drainage? 
d. How soil conditions influence microorganisms, nutrient levels, and plants 
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APPENDIX C BIOMIMICRY RESOURCES 

 

THE BIOMIMICRY TAXONOMY: 
Biology Organized by Function 

What is the Biomimicry Taxonomy? 

A taxonomy is a system of classification. The 

Biomimicry Taxonomy is a classification system 

developed by the Biomimicry Institute to organize 

biological content on the website AskNature 

(AskNature.org). The Taxonomy categorizes the 

different ways that organisms and natural systems 

meet functional challenges. 

On AskNature, the ways that organisms and 

other living systems meet functional challenges 

are called strategies. The Biomimicry Taxonomy 

organizes these biological strategies by function, 

that is, by what the strategy does for the 

organism or living system. Organizing biological 

content by function is valuable because it allows 

us to look for potential solutions to similar 

challenges we face as humans. 

 

How strategies appear on AskNature. 

 

Using the Biomimicry Taxonomy on AskNature 

AskNature and the Biomimicry Taxonomy provide a novel way to approach your innovation challenges. 

Look to the Taxonomy as a tool when you first approach your design challenge, using its framework to 

identify questions you can “ask” nature. For example, if you’re trying to make less toxic pigments, 

“ask” how nature creates color. If you want to manufacture tough, lightweight building materials 

without energy-intensive high pressures and temperatures, “ask” how nature manages structural 

forces. 

AskNature offers two ways for you to ask questions of nature: using Search and using the Function 

menu. Using the Search bar on the home page, you can ask questions like those posed above, for 

example: “How does nature stay dry?” Further down on the homepage, links to the top level of the 

Biomimicry Taxonomy enable you to quickly find strategies by function. Clicking on one of the top 

level functions will lead you to a page where you can access the whole Taxonomy and the AskNature 

content that addresses each function. 

http://asknature.org/
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Using the Biomimicry Taxonomy as a Critical Thinking Tool 

The Biomimicry Taxonomy is useful not just because it will help you navigate better on AskNature, but 

because it provides a framework that may help you understand your challenge differently. Here’s an 

example of how you could use the Taxonomy to help solve your next innovation challenge. 

Innovation Challenge: You’re designing a building in an area of low rainfall. To ensure an adequate 

water supply, you want your building to capture rainwater and store it for future use. 

Approach #1: Identify verbs that directly define your challenge. Use the Biomimicry Taxonomy for 

ideas that help you shift from predetermined thoughts of how or what you’ll design to why you’re 

designing (in other words, your design’s purpose or the outcomes it must accomplish). Use verbs that 

describe functions (such as: move, break down, distribute, etc.). In this example, the questions you 

pose might be: How does nature... 

 Capture water? 

 Store water? 

Approach #2: Consider concepts that go beyond your exact challenge but are related enough to why 

you’re designing that they may have similar solutions. In this example, you may consider that some 

organisms (like the Namib beetle) live in areas that experience little to no rain, yet they still get all of 

the water they need. Use the Biomimicry Taxonomy to spark ideas for new verbs, and also think about 

related nouns or synonyms. In this example, questions to pose might include: How does nature... 

 Absorb water? 

 Capture fog? 

 Manage humidity? 

 Move water? 

Approach #3: Turn your question completely around. Instead of asking how nature stores water, think 

about how it protects against excess water or keeps water out. Although counterintuitive, sometimes asking 

the opposite of your original question can provide new insights to your real challenge. The Biomimicry 

Taxonomy is a great resource for ideas of verbs that represent opposites. In this example, you might ask: 

How does nature... 

 Remove water? 

 Stay dry? 

 

 

 
2 Biomimicry.org | AskNature.org 

http://biomimicry.org/
http://asknature.org/
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