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lead to leaf wilt, scorched leaves, or localized burns, and can even kill the unadapted 
plants. Even large branches of trees breaking can leave parts of the tree accustomed 
to shade at risk of being burned and susceptible to infections, a common issue with 
fruit trees.

In landscape designs, many plans include drastically spaced-out plants with ex-
posed soils or mulch between plants. Sometimes this is to provide enough room 
for mature plants to fi ll in, while at other times it is intentional to create a “crisp” 
appearance. Such designs often lead to stressed and dying plants in the midsummer 
or autumn heat and require more frequent watering. Adding shade cloths can de-
crease stress and heat while plants establish and adapt to an area, but a more natural 
approach is to fi ll those areas with other plants, including annuals, biennials, smaller 

Many forest trees like 
these Populus species and 
evergreens in the 
background are full-sun 
plants that provide shade. 
Similarly, plants growing 
in open grasslands, 
prairies, and many riparian 
areas do well in full sun, 
while also providing shade 
for the soil and ground-
level vegeta� on.

Black-eyed Susans 
(genus Rudbeckia) 
grow alongside 
grasses and other 
full-sun plants in an 
area with more than 
six hours of sun each 
day during the 
growing season.
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perennials, trailing plants, and bunchgrasses. Th is more natural design also benefi ts 
wildlife and improves the overall habitat.

— Shade
Quite often, people think about lighting in the environment as sun or shade, which 
conveys the idea that there are only two types of lighting. However, shade is simply 
an umbrella term that covers many diff erent levels of light in an area. Th e four most 
common categories used in horticulture are: part shade, dappled light, full shade, 
and deep shade. Part shade describes areas that receive four to six hours of direct 
sunlight. In nature, part shade is found near cliff  faces and under isolated, tall trees 
with dense canopies. Due to the potential for direct sun, part shade can be further 
clarifi ed by specifying the amounts of morning sun and afternoon sun due to the cli-
matic diff erences sunlight has on an area at these times. Dappled light is when small 
patches of sunlight reach the ground. Th is is typical under some species of trees, 
under latticework, and in forested areas with spaced-out trees or loose canopies. 
Dappled light can also occur in areas under tall herbaceous plant communities in 
drier areas where exposed soils are present between bunchgrasses and low-growing 
shrubs. Full shade describes areas that do not receive much, if any direct sunlight, 
but are still bright enough for many shade-tolerant species to thrive. Naturally full 
shade occurs in open forests with dense canopies, under trees with large canopies, 
and on the north faces of rock shelves, canyons, and gullies. Deep shade describes 
areas that are too dark for most shade-tolerant plants to thrive. In wild landscapes, 

Planter bed with 
unnaturally isolated 
plants and mulch. The 
mulch protects the soil a 
bit and prevents water 
loss, but dense plan� ng 
of annuals to cover the 
soils provides be� er, 
more natural 
microhabitats for the 
plants to establish in.
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deep shade occurs under dense shrubs, thick forests, below rock overhangs, and in 
cave entrances.

On a large landscape scale, shade types are important in descriptions of some 
habitats and areas like closed-canopy forests and the north faces of mountains. 
However, shade is typically discussed on a small scale specifi c to an area covered 
by a single plant, since plants depend on light to photosynthesize. Although all 
of the lighting types exist in urban and rural areas, the number of areas with 
deep  shade has drastically increased because many buildings create it on their 
north side.

A cave opening in the 
Spring Mountains, in 
Nevada. Light levels in 
the foreground are deep 
shade, but the area 
receives enough 
refracted light for some 
mosses and herbaceous 
plants to grow. Trees in 
the background receive 
full sun along their 
canopies and provide 
dappled shade to lower 
vegeta� on.

Palm trees 
growing in part 
sun under open 
pine canopies in 
Florida. Healthy 
management of 
these forests 
provides wide 
openings that 
allow sunlight to 
reach the forest 
understory.
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— Water
In every ecoregion in North America that has plants, water availability and abun-
dance are major contributors to habitat, animal presence, and plant-community 
structure. Water availability includes frequency of rain, annual and seasonal precipi-
tation, humidity, groundwater depth, surface water, and soil moisture.

Precipita� on
One of the key diff erences between the Level I ecoregions of North America is the 
amount of precipitation each receives annually and seasonally. Diff erences in sea-
sonal precipitation infl uence plant community structures and microhabitats,  which 
are key to many animal life cycles. For example, in the Marine West Coast Forests 
ecoregion, chilly winter rains and snow raise groundwater levels, creating ephemeral 
springtime wetlands that are breeding grounds for cold-tolerant, cold-blooded in-
sects and amphibians. Compare this to the North American Deserts and the Great 
Plains ecoregions, where summer rains create warmer ephemeral pools during hotter 
weather, when many cold-blooded animals are more active.

Large storm cloud near sunset that released over an inch of rain in less than three hours. Most soils 
cannot absorb water at this rate, which leads to localized scouring and � ooding.
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To be clear, there are numerous compounding factors that infl uence the amount of 
precipitation, seasonal diff erences, and water retention in an ecoregion. However, for 
the purposes of this section, precipitation will be discussed on a local scale. Seasonal 
precipitation patterns drive the life cycles of many organisms, including plants, fungi, 
and animals. Some ecoregions receive the majority of their precipitation in certain 
parts of the year. In the deserts, this is often called the “monsoon season,” when 
the Mediterranean California climate experiences rain in the winter and spring. For 
ecoregions with wet and dry seasons, the ecosystems are adapted to annual droughts. 
To contrast with this, some ecoregions experience precipitation events throughout 
the year, like in the Upper Midwest and the Northeast. Ecosystems that receive rain 
and snow throughout the year have more water available to plants and animals that 
are less adapted for long, dry periods. Even though areas are still receiving precipi-
tation, climate change is aff ecting precipitation patterns. Rainstorms are becoming 
less frequent in many areas, creating longer periods of drought followed by stronger 
inundations. Th is is harmful to habitats because organisms are stressed and killed in 
these extended weeks of drought, and then too much water follows. More intense 
rain events lead to longer fl ooding periods, diff erent intensities of fl oods, and erosion, 
as well as increased stress and mortality pressures on organisms.

Understanding the historical rain patterns of an area is important because this 
knowledge does several things: it helps tell us when to water plants; it is a guide for 

In the high desert and 
sky island s of New 
Mexico, rainstorms are 
o� en isolated and 
provide precipita� on for 
localized areas. These 
storms are more 
common than rain 
events occurring across 
most of the landscape.
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when to provide ample clean water; and it allows us to notice the problems climate 
change is causing. As droughts become more frequent, providing plants with sup-
plemental water can help an entire habitat survive. Similarly, garden designs should 
include proper drainage for times when precipitation is excessive.

Aqua� c Habitats
When water in natural landscapes is discussed, many people immediately think of 
picturesque rushing rivers, gorgeous waterfalls, large, still ponds, and lakes. Even in 
major city installations, waterfalls, fountains, and ponds are the chosen aquatic fea-
ture type. However, water resources in the wild exist in a vast array, including the 
picturesque resources mentioned above, but also as muddy puddles, rocky-bottomed 
rain catchments, and heavily vegetated emergent wetlands that might be seasonally 
available or fi lled with water year-round.

Slot canyons, formed when 
seasonal rains carve out the 
walls and � oor, are common in 
parts of the arid Southwest.
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Ecologists, biologists, and land managers have devised a variety of ways to describe 
water resources and the habitats they create. For the purposes of this book, standing 
water resources will be described with less technical terms. Most people can understand 
“muddy puddle,” “meandering creek,” and “vegetated pond,” while technical terms like 
palustrine and unconsolidated bottom generally need further clarifi cation. Just as for ter-
restrial environments, there are many ways aquatic habitats can be categorized. Aquatic 
habitats are aff ected by lighting, with shaded areas heating up less quickly than areas in 
full sun and the two supporting diff erent vegetation and biotic communities. Similarly, 
the depth of water, its movement, the substrate, soils, and other elements all aff ect which 
species can live in these bodies of water. Th e depth of water bodies can aff ect tempera-
ture, provide refuge from terrestrial predators, and correlate to the persistence of the 
aquatic habitat in the landscape. Movement of water aff ects oxygen levels; fast-moving 
streams have more oxygen than slow-moving streams of the same temperature.

Depending on the habitat and ecoregion, standing-water habitats, like pools and 
emergent wetlands, can be common year-round or only during the rainy season. For 
all regions, these water resources are used by a variety of species. Most species rely on 
the habitat for drinking, some rely on it for hunting, and others need these habitats 
to complete their life cycles. In most cases, larger aquatic habitats (those that can 
persist for weeks to months after rains) are key resources for the life cycles of some 
native arthropods (including insects), fi sh, and amphibians. Animal life cycles that 
are dependent on aquatic habitats can be separated by the presence or absence of 
fi sh. Because most fi sh are predators, fi shless habitats are vital for the larvae of am-
phibians, many dragonfl ies, and a variety of other insects. For example, mosquitofi sh 
(genus Gambusia) and their relatives are especially damaging to amphibian popula-
tions because they eat larval amphibians and their eggs, or simply peck at their tails, 

Picturesque aqua� c 
habitat with wetland 
vegeta� on growing 
along the streambed.
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limbs, and gills, leading to death. Unfortunately, people have released mosquitofi sh 
in many wild aquatic areas to help control mosquitoes, with little success. (See the 
chapter 3 section “Mosquitoes” for other control options.)

Due to the wide range of natural aquatic habitats, for the purposes of this book, 
discussions will focus on habitats that can easily be reconstructed in small gardens. 
Th ese habitats include puddles, fountains, seasonal ponds, vegetated wetlands, and 
even small, seasonal streams.

Roadside ditch culvert 
with abundant 
mosquito� sh (genus 
Gambusia) and cray� sh 
(superfamilies 
Astacoidea and 
Parastacoidea) in their 
na� ve range. Both 
types of animals are 
widely invasive in other 
areas of the con� nent 
and world.

An American Toad (Anaxyrus americanus) sits in a small, rocky depression, soaking up water from 
sprinklers, in Westchester County, New York. Inten� onally providing areas that collect water for 
short periods of � me greatly bene� ts garden wildlife.
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Puddles and small water catchments are found in all ecoregions after rains. Th ey 
usually persist for a few hours to a few days after storms, quickly draining or drying 
up. Some form in soil depressions, others on rocks and even on plants and fallen 
leaves. Th ese small, fresh bodies of water can provide drinking water for animals, as 
well as areas for bathing and soaking. Wet soils in and around puddles are used by a 
few bird species, a variety of wasps, and some bees to build their nests. In developed 
areas, many of the soils where puddles form are fi lled with pollutants from roads, 
including salts, which makes the water less suitable for drinking and the soils less 
suitable for nesting. Irrigated areas, however, provide these resources more regularly 
than natural cycles and can improve water access for animals and provide nesting 
resources for longer periods. In arid regions, urban development has helped swallows 
become more abundant due to the increase in mud and puddle availability, while 
bridges and building faces have provided new nesting spaces.

Longer-lived temporary bodies of water provide many of the same functions as 
puddles, but also persist long enough for some animals to carry out a stage of their 
life cycle or complete it. In drier regions, these areas are often called playas or dry 
lakes, while people in wetter regions often refer to them as ephemeral pools or vernal 
pools. Temporary bodies of water rarely support fi sh and can be vegetated or barren. 
While water is present, these areas support the complete life cycles of aquatic in-
vertebrates like fairy shrimp, water fl eas (genus Daphnia), and seed shrimps (class 
Ostracoda), as well as life stages of various amphibians and insects. As the watery 
habitats dry up, chemical changes in the water signal to wildlife to either emerge or 
complete their reproduction.

Longer larval periods help some salamanders, frogs, and toads grow larger and 
make them better suited for starting terrestrial life. Conversely, some species, like 

Swallow (family 
Hirundinidae) nests 
along an overpass. 
Local mud resources 
and the  sheer face 
of the infrastructure 
create prime nes� ng 
loca� ons, and insect 
abundance provides 
great foraging.
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Couch’s Spadefoot Toad (Scaphiopus couchii), have been found to do better when 
ponds dry up in a few months and have lower survival when ponds persist for longer. 
For some species, this is potentially due to diff erences in diet and prey. For amphibian 
breeding habitats re-created in gardens, it is critical to make sure the habitats suit 
the local species. Prior to installing any type of habitat project, research the target 
animals and their life cycles so that habitat characteristics, like the duration of water 
presence, mimic natural processes and vegetation.

Vegetation often grows in and around seasonally submerged habitats that can tol-
erate both dry and wet conditions. However, in arid regions, many playas (salt pans) 
do not support vegetation due to salt buildup in the soils and/or soils deprived of 
oxygen because of the sun-heated water. In wetter ecoregions, vernal pools can form 
in almost every type of habitat, including shaded forest fl oors, dense shrublands, 
and sun-exposed meadows. Each habitat can support diff erent wildlife and plants 
within the vernal pools. In forested habitats, animals that live in the pools typically 
feed on leaf litter or plants already growing around the area. Algae is not a common 
food resource in these shaded habitats because most algae species need more light 
to fl ourish. Th e lack of sunlight also helps the water stay cool. Predatory organisms 
also live in the shaded pools, preying on other inhabitants. Shrublands and meadows 
typically have more light exposure, so more types of algae can grow. Waters in these 
sun-exposed pools can have drastic daily changes in temperature, which aff ects ox-
ygen availability and metabolic processes. Animals and plants living in these pools 
have evolved diff erent ways to handle these changes, with some species having sea-
sonal restrictions for activity within the habitat, while others can breathe air when 

Bladder Snails (Physella acuta) 
in a roadside trough, in Texas. 
They are regularly found in 
perennial and almost-
perennial water bodies.
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necessary. Diets of animals in these pools may include fl oating algae, plant materials, 
and/or other animals living in the water. In gardens, re-creating these habitats should 
focus on the target wildlife, which typically benefi t from partial sun exposure and 
water columns that are 2 to 3 feet (0.6– 0.9 m) deep.

Perennial Ponds
Small, permanent water bodies are more common in ecoregions with year-round 
rain, but can also be found in drier environments. Perennial ponds are generally home 
to various aquatic snails, amphibian larvae (especially species with longer develop-
ment periods like the American Bullfrog (Lithobates catesbeianus), certain dragonfl y 
larvae, and a variety of other invertebrates. Organisms that use longer-lived season-
al pools often utilize perennial wetlands as well. Many ecoregions also have native 
aquatic vegetation, including complex green algae, horsetails (genus Equisetum), and 
fl owering plants. Some examples are muskgrass (genus Chara), scouring rush (genus 
Equisetum), American Lotus (Nelumbo lutea), and American White Waterlily (Nym-
phaea odorata), all of which do well in deeper ponds. Emergent and bordering vegeta-
tion that prefers shallow waters, like rushes (genus Juncus), cattails (genus Typha), and 
Aquatic Milkweed (Asclepias perennis), generally do not do well with long periods of 
dry conditions but survive short seasons. Wetland plants also help shade the water, 
create microhabitats within the water body, and provide food for various animals.

Around human developments, small perennial wetlands are often fi lled in un-
less protected by law. Th is is because most people incorrectly equate standing water 
with stagnant mosquito breeding grounds. In reality, mosquitoes do best in degraded 

An abandoned golf 
course in Texas 
supports deep 
wetlands with 
emergent wetlands 
along the shore. Tree 
cover on the south 
side provides habitat 
for rushes and 
broadleaf plants, 
while full-sun areas 
are dominated by 
ca� ails (genus 
Typha) and reeds.
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wetlands, but their larvae are mostly consumed in healthy wetland ecosystems. Water 
bodies that remain in developed areas are often polluted by runoff  from roads and 
chemically treated lawns, as well as windblown trash. Pollution also occurs in agri-
cultural areas from both agrichemicals and animal waste. Th e majority of inverte-
brates and amphibians that rely on these habitats are sensitive to pollution, nutrient 
levels, and overall water quality. In fact, scientists have created the Stream Health 
Assessment tool to evaluate the health of streams based on the presence or absence 
of specifi c aquatic species; state-specifi c tools are usually available through extension 
offi  ces and state agencies. Stream Health Assessments rely on identifying aquatic 
insects and amphibians to calculate scores that correlate to the health of the water 
body. Many of the insect and amphibian larvae found in healthy streams can also be 
found in healthy perennial ponds.

Re-creating perennial pools in the garden is fairly simple with a little patience. 
Th ere are premade shapes available, and fabric pond liners that hold water in free-
form pits. Placing the pond in an area that receives enough light for the target habitat 

Muskgrass (genus Chara) is a 
green alga that looks like a 
plant. These algae are common 
in freshwater, perennial, 
slow-moving bodies of water, 
including ca� le troughs.



42 NATURAL ECOSYSTEMS, HABITAT SUCCESSION, AND MAJOR CHANGES

is key; for example, six hours of daily sunshine is necessary for irises (genus Iris), 
cattails (genus Typha), and waterlilies (family Nymphaeaceae). Two to four hours of 
sunlight a day helps keep water temperatures down and reduces algae growth. Once a 
pond liner is installed, adding stones, soils, sand, and a pump to aerate the water will 
start the habitat. Animals may arrive very quickly, with dragonfl ies and damselfl ies 
(order Odonata) usually the fi rst insects to show up. After the water cycles for a few 
days, plants can be added. For more details on pond habitat designs, see the chapter 
2 section “Water Resources in the Garden.”

— Soils
Often overlooked when considering natural landscapes is the diversity of soils that 
exist in an area, because many habitats have covered soils and soils can be character-
ized in diff erent ways. Depending on the purpose of the classifi cation, soils can be 
grouped by temperature range, water retention, texture, pH, and nutrient availability. 
Most of these classifi cations, however, are not independent of one another. For ex-
ample, ecoregions are often thought about in terms of the amount of precipitation 
they receive; however, soils are a major contributor to the water availability for plants. 
Water availability is infl uenced by precipitation, but in the end, it is determined by 
soil structure, permeability, texture, depth, organic content, pH, and nutrient levels. 
Vegetation and soil biota also depend on soil texture and water availability, which are 
key factors driving nutrient cycles and local soil temperatures via sun exposure. Soil 

A skimmer dragon� y 
(family Libellulidae) 
adult with prey. 
Dragon� ies are 
important generalist 
predators that need 
water bodies to carry out 
their life cycle.
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pH aff ects nutrient availability for plants and animals and the nutrient cycle. In other 
words, there are specifi c variables in soils, but those variables are not necessarily in-
dependent. Even with the nebulous entanglement of soil characters, each aspect can 
still be understood as it applies to habitat.

Temperatures of soils are aff ected by texture, moisture, slope, depth, and expo-
sure to the sun. Th ermal extremes of soils are critical to the survival of many soil- 
dependent organisms. For example, bees, lizards, and turtles select nesting sites based 
on soil texture, aspect, and moisture content, which  vary by species. Species that over-
winter underground will not survive if temperatures get too low or stay too warm. 
Some plants even require soil temperatures to drop below specifi c levels before they 
will grow again (aka chill hours). In the summer, soil temperatures are important for 
burrows, nest sites, and other shelters, and poor placement can lead to the complete 
failure of nests, aff ect the sex of young (as in some turtles), and create areas where it 
is too hot for animals to shelter and plants to grow.

Viewing the landscape on a broad scale, soil temperatures can be assumed based 
on the slope and cardinal direction (aspect) the soils face. On steep mountains and 
rolling hills in the Northern Hemisphere, north-facing soils have the lowest tem-
peratures in the winter and the summer due to the lack of direct sun throughout 
the day. Northern faces also tend to have the most water availability compared to 
the other aspects. East-facing soils have slightly warmer ranges for the area as they 
are mostly warmed by the early-morning sun. South- and west-facing slopes have 

A deep cut from erosion exposes layers in soils and root depth. Very few habitats have deep, 
nutrient-rich soils (top dark soil layer above), and many have bedrock that plants must contend 
with, which is not present here. 
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the highest ranges as they are the most exposed during the hottest parts of the day. 
Water availability is also assumed to be lower on the south and west aspects, as it will 
evaporate more readily with the increased heat.

On a small scale, slope and aspect are still important, but soil temperatures are 
also aff ected by exposure. Soils shaded by tall trees, dense shrubs, downed logs, rocks, 
erosional features, or other structures can have cooler microclimates compared to 
soils exposed to the sun. Habitats are also aff ected by fl owing water (both rain and 
streams), as well as wind; both sort soil material and aff ect soil types. Biotic factors 
also diversify local soils. Burrowing animals excavate and deposit nutrient-poor soils, 
while toppled trees lift nutrient-rich soils into vertical shelves while also exposing 
nutrient-poor soils underneath. Plants and fungi can aff ect the pH and nutrients 
available, while insects and animal tunnels can aerate soils. Both animals and plants 
are able to utilize some of these soils while avoiding others for their life cycles.

Th e texture of soil aff ects topography and water availability, and it is important for 
many animals that burrow and shelter in soils because texture aff ects the soil’s stabil-
ity and thermal insulation. Soil texture is most often classifi ed using a three-axis key, 
known as a ternary diagram. Th e three axes are the percentage of sand, silt, and clay 
that make up soil. Th ose components are laid out on axes that make up the outside 
of the diagram. Not mentioned in this diagram is the incorporation of larger stones, 
such as gravel, organic material, pH, or compaction, which can aff ect soil nutrients 
and water-holding potential. By laying out the percentages of sand, silt, and clay, we 

A turtle excava� ng its nest in so� , organic-rich soil. Turtles will search far from their regular 
watery habitat to � nd the right microhabitat for their eggs.
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can classify soils in a meaningful way that permits concise discussions. Having clear 
descriptions of soil textures allows us to convey information and to quantify soils in 
a way that is useful for identifying plant and animal preferences. Th ese preferences 
are important in conservation because they assist with rebuilding soils to support 
target organisms. Ternary-diagram-based classifi cations can also be further described 
with other characteristics, including nutrients, pH, compaction, organic material, and 
moisture content. How to measure sand, silt, and clay content is explained in the 
chapter 2 section “Creating Soil Profi les for Plants and Animals.”

Another aspect to consider for soil diversity is the layering of soils. Depending on 
the ecoregion and habitat, soils can have a variety of layers near the surface or just 
one. In communities with rich vegetation, there tends to be an organic layer sitting 
on top of nutrient-rich topsoils. However, areas like alluvial fans (gravel and sand 
deposits from rushing water), sand dunes, and exposed bedrock can have pockets of 
organic material and topsoil, but there is not a consistent layer. For habitats that have 
thick topsoils, a subsoil that tends to be lighter in color forms. Subsoils have lower 
humus content, are comparatively more rigid and compact than the topsoil, and have 
less organic content. Conversely, subsoils are mineral-rich, because water-dissolved 
minerals and salts are able to concentrate in this layer. In wet habitats, these soils can 
become oxygen-defi cient or anoxic (oxygenless), which is one of the stressors wetland 
plants must contend with.
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Within each ecoregion, there will be bountiful combinations of soil texture, depth, 
layers, temperatures, and water availability. Each combination permits or excludes some 
plant species while also being selected or avoided by wildlife—overall, driving local 
habitats and microhabitats. Th ese diff erent combinations can become hard to calculate 
as we consider larger habitats. In conservation, however, this complexity is often over-
looked. For some restoration projects, environmental engineers try to replicate some 

Uprooted trees o� en 
expose soil layers and 
create topographic 
changes that are not 
considered in the ternary 
diagram. Soil nutrients, 
slope, and aspect a� ect the 
microhabitats that will 
form. Re-crea� ng these 
microhabitats is di�  cult in 
gardens and restora� on 
projects. However, exposed 
ver� cal soils can be 
provided in well-designed 
rock walls. See chapter 2: 
Burrows, Caves, Crevices, 
and Rocky Shelters.

A fallow urban lot colonized 
by prairie dogs 
(genus Cynomys) in 
Westminster, Colorado. 
Previous soil compac� on 
and construc� on work on 
this site makes it unsuitable 
for many na� ve plants.
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of the soil diversity, especially with wetland and riparian habitats, because soil-erosion 
prevention and plant habitats require specifi c soil properties. However, many upland 
projects fail to incorporate soil diversity. Most often, areas are smoothed over and 
seed mixes are spread with the assumption that soil diversity will form on its own. 
Although some of the diversity will return in these projects, most of the soil diversity 
that existed in the natural environment will take decades to form again, and that is 
only if the restoration is allowed to undergo natural habitat successions.

In urban and suburban areas, soils are generally modifi ed with nutrient-poor, 
dense earthen materials that are better for building stability. Th is is even more prev-
alent in newer housing developments. Agricultural practices and urban development 
homogenize soils, disturb topsoils, grade steep slopes, fi ll in caverns, and remove 
most local soil diversity. Subsequently, some species of wildlife that have specifi c soil 
needs are pushed out. Some examples include halophile plants that grow in salt-rich 
depressions, sand-dune-dwelling bees that nest in the sand, and cliff -nesting animals, 

A

B

C

D

E

F

Soils around houses will likely vary based on disturbances and vegeta� on. Tes� ng these di� erent 
soils can help determine where soil amendments may help nes� ng animals. Similarly, adding 
speci� c soils to these spaces provides nes� ng op� ons for wildlife. In the diagram are some great 
loca� ons to test and consider amending. (A) Exposed garden-bed soils. (B) Soils near cement work 
because sand is o� en used as a base. (C) Mowed vegeta� on areas. (D) Shaded soils in garden beds. 
(E) Soils under large shrubs and trees. (F) Soils near founda� ons and around HVAC  units.
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like swallows and bees. Although rebuilding soil diversity in its entirety is nearly 
impossible, it is fairly easy to re-create topographic and texture diversity. For exam-
ple, incorporating deep, sandy areas around rockscapes and paths, between plants,  as 
well as around houses and fence lines diversifi es soils with no major change to the 
appear ance of the landscape. Further strategies and projects for soil diversifi cation are 
presented in the chapter 2 section “Creating Soil Profi les for Plants and Animals.”

— Temperature
Th ere are a few diff erent ways to think about temperature and the environment. 
Each approach has merit and describes parts of the local environment, but none fully 
capture the thermal ranges within an area. Average winter lows, for example, drive 
the USDA gardening zones, but frost-free periods describe the growing season. Both 
the USDA gardening zones and growing season length are used to guide crop se-
lection. Considering temperatures on a more localized scale, north slopes are known 
to be cooler than south slopes, and deep-shaded areas are cooler than adjacent areas 
exposed to full sun (discussed more thoroughly in the chapter 1 section “Shade”). 
Similarly, developed areas are known to create heat islands caused by solar heat being 
stored in building materials and the lack of cooling from vegetation.

Cold and heat extremes in habitats are major factors aff ecting the ranges of species. 
However, many microclimates do not have thermal extremes that directly correlate 
to the local air temperature. For example, deep caves tend to have low variability in 
their temperatures compared to the surface temps at the entrance. Frost lines (how 
far down the soil will freeze) depend on a few variables, including the cold air, solar 

Cinquefoil (genus 
Poten� lla) � owers 
growing in cold 
temperatures that are 
below the extreme for 
the � owers of most 
plants. Incorpora� ng 
early-blooming plants in 
garden designs helps the 
pollinators that emerge 
� rst in spring.
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exposure, moisture, and how long the weather stays cold. Similarly, microhabitats 
reach diff erent high temperatures based on material and solar exposure. Soils and 
rocks, for example, can regularly be  20°F (11°C) warmer than the air when in full sun.

Although the air-temperature extremes of an area aff ect wildlife success, the 
length of time areas stay near those temperatures also has a large impact. Th is is 
because areas where wildlife overwinter typically have limited insulation, except for 
caves. Large logs, soils, even leaf litter will stay above nightly lows if day temperatures 
and sunlight allow them to warm up. However, if daily highs stay close to nightly 
lows, then those microhabitats approach the coldest temperatures. A similar pattern 
exists in the summer and in the heat extremes of microclimates.

In gardens and landscapes, the placement of sheltering resources requires careful 
attention. Ensuring that the appropriate amount of insulation, solar exposure, and 
moisture are present will prevent microhabitats from reaching unsurvivable tempera-
tures. Similarly, plants growing in areas of their cold tolerance do better in areas with 
more solar exposure during the winter than shaded areas. More details on shelter 
placement are discussed in the following section.

Burrows, Caves, and Crevices
Animals need places to hunker down and escape the elements. Many species take 
shelter in a wide range of structures in their natural habitat, from downed limbs to 
picturesque caves. Caves, ledges, and sinkholes are most commonly found in areas 
with limestone, basalt, and various sedimentary bedrocks. Th ese structures provide 
necessary protection for a variety of animals, including insects, mammals, reptiles, 

Winter landscape of a 
wooded area where many 
animals overwinter. 
Within this landscape, leaf 
piles, burrows, and tree 
trunks all provide warmer 
microclimates than the 
exposed surfaces. Similar 
resources can be added to 
garden designs; see 
chapter 2.
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slugs, and snails. In urban areas, caves are often fi lled or blocked off , ledges are de-
molished or covered, and downed limbs and trees are removed. Th is leaves wash-
outs under cement foundations, basements, and sewers as places for animals to fi nd 
shelter. Garden designs can include attractive rock shelters, hollow logs, and hidden 
burrows to provide similar shelter for animals to use.

— Burrows
Some of the most important features wildlife species need are refuges from the heat 
and cold. Th is is especially true for animals in hot, dry regions and any other exposed, 
full-sun habitats during the summer. Similarly, a wide variety of animals overwinter 
underground to avoid freezing and seek out areas below the frost line of soils. Many 
natural refuges are built by species such as Coyotes, foxes, jackrabbits, prairie dogs, 
tortoises, and other large burrowing organisms, most of which are generally extirpat-
ed from urban areas. Th e majority of large, burrowing species have been vilifi ed as 
pests and extensively slaughtered, some to the brink of extinction. Excavation of bur-
rows and tunnels by these animals also creates loose soil mounds that can be used by 
animals, like sphinx moths and beetles, that lay eggs, nest, or hibernate in softer soils.

Understandably, large holes appearing unexpectedly in urban environments can 
be dangerous for people and pets. So instead of trying to keep any large burrowing 
animals in your garden, we can re-create the needed structures to help our local wild-
life. Installing deep, well-insulated burrows helps make better habitat for box turtles, 
toads, salamanders, crickets, lizards, and countless others. In gardens, burrows can 
be created with sturdy walls and open fl oors. Designs are explained in the chapter 2 
section “Burrows, Caves, Crevices, and Rocky Shelters.”

A natural rock 
outcropping with 
crevices and caves for 
wildlife to shelter in. 
Spaces like these are 
generally removed from 
urban and suburban 
environments, but 
should be considered 
for installa� on in 
gardens to provide 
suitable shelter.
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Burrowing animals like Black-tailed Prairie Dogs (Cynomys ludovicianus) are ecosystem engineers. 
Their behaviors create necessary resources for many other wildlife. Prairie-dog burrows host 
hundreds of sheltering species, including Burrowing Owls (Athene cunicularia).

— Rocky Ledges, Stones, and Boulders
An incredible array of microhabitats occur in and around geologic formations. � ese 
formations include large rock outcroppings, glacial erratics, cobblestones, and ex-
posed bedrock. Although there are many types of stones whose chemistry a� ects 
soils, thermal insulation, and even their ability to retain water, many rock types create 
similar microclimates. � is is in part due to local abiotic factors, such as precipitation, 
winter weather, sun exposure, and wind, which also a� ect the microhabitats present 

A suburban garden 
with large rocks and 
an uninten� onal 
burrow that became 
home to toads and 
lizards a� er the 
rodent was removed. 
Burrow-like 
structures can be 
added to garden 
designs to support 
wildlife. See chapter 
2 sec� on “Burrows, 
Caves, Crevices, and 
Rocky Shelters.”



52 NATURAL ECOSYSTEMS, HABITAT SUCCESSION, AND MAJOR CHANGES

in each ecoregion. As rock formations crumbled, cracked, and eroded, organisms 
continued to evolve to utilize these habitats. Many species of plants, invertebrates, 
lizards, salamanders, and bats use rock crevices for shelter, while a variety of birds use 
rock ledges for nest sites. Similarly, an assortment of plants, including some ferns, 
succulents, and vines, have evolved for living in the specifi c microhabitats of rock 
formations.

Rocks are a natural impervious surface, transporting water into nearby soils, crev-
ices, and basins. In the case of exposed bedrock, the rocks prevent the water from 
seeping into the earth and often create pools, seeps, and springs. Crevices and cracks 
collect organic matter, sand, and dust, which creates pockets of soils that support 
plants, function as nesting sites for animals, and facilitate further breakdown of the 
rocks. Stones that have soils below or around their sides provide a secure structure 
that some burrowing animals will rely on for structural integrity. Large boulders with 
soils below them often have mammal burrows beneath, including those of chip-
munks, ground squirrels, and rabbits. Some animal species will also tunnel along 
stone faces extending vertically underground. Ground-nesting insects also utilize 
these rock/soil interfaces, with smaller stones, depending on the width and depth of 
their nests and soil composition.

Large omnivores, like raccoons and bears, regularly turn over stones and other 
objects while hunting. Th ese disturbances create space between the moved items and 
the soil, sometimes covering plant material as well. Soil invertebrates, like worms, 
millipedes, and crickets, seek out newly covered vegetation to feed on while also shel-
tering under newly disturbed objects. Over time, as soils are moved by animals and 

A large rock 
outcropping on 
Catalina Island, in 
California. Deep 
crevices and hollow 
caves within are 
important for lizards 
and endemic island 
foxes. Smaller-scale 
shelters can easily 
be added to 
landscape designs. 
For ideas, see 
chapter 2 sec� on 
“Burrows, Caves, 
Crevices, and Rocky 
Shelters.”
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A small pocket in basalt provides a pool of water in Idaho. Birds and arthropods hydrate in 
these open areas.

A large rock outcropping rises above alpine vegeta� on. The rocks provide shade, soil 
accumula� on, and water runo�  for vegeta� on to establish in.
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roots, and as changes in water saturation and temperature expand and shrink soils, 
the space under the objects can disappear. � is phenomenon, often called “settling,” 
creates new microhabitats used by some soil organisms. Without the presence of 
larger animals to turn over stones and logs, however, the microshelters and feeding 
areas many animals prefer to use can become very scarce in the landscape. In gardens, 
objects can be intentionally propped up o�  the ground to leave crawl spaces or dis-
turbed every few months and placed back in position. For more information, see the 
“Exploratory Habitat Garden” text box in chapter 2.

Caves, ledges, crumbling rock outcroppings, and sinkholes in urban and suburban 
areas tend to be covered, � lled, or removed. In turn, most of the microhabitats and 
the species dependent on those areas are extirpated. Some of the animals accustomed 
to living in and around rocks have adapted to areas around human development. For 
example, some of the animals that seek shelter in burrows and caverns use wash-
outs under cement foundations, basements, crawl spaces, and even sewers for shelter. 
Cave-dwelling bats often use city sewers and bridges. Similarly, swallows, bats, and 
mud-nest-making insects have adapted to use buildings, overpasses, and bridges. On 
the other hand, most plants and animals that depend on rock-formation microhabi-
tats have not adapted to human development. For many species, there simply are no 
areas that mimic the key resources they require or soils with the correct pH.

An uniden� � ed vole species (family Crice� dae) peeks out from its home around the rocks, 
where its matrix of burrows also exists. These features are regularly destroyed and � lled in 
around human developments.
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However, with careful planning and attention to detail, many of these microhab-
itats that were removed from developed areas can be re-created for the more adapt-
able species. Attractive rockscapes with aboveground and belowground shelters can 
be designed as focal points or backdrops that support salamanders, lizards, plants, 
and other wildlife. Vernal pools and seasonal ponds are easy to design and work into 
garden designs. Planter beds with rock crevice gardens, rock gardens, decorative large 
rocks, and stone borders can also mimic natural microhabitats for wildlife. For fur-
ther explanation of designs and resources, see the chapter 2 section “Burrows, Caves, 
Crevices, and Rocky Shelters.”

A Cli�  Swallow 
(Petrochelidon 
pyrrhonota) nest 
tucked into urban 
infrastructure. These 
areas are also 
regularly used by 
mud daubers (family 
Sphecidae or 
Crabronidae) and 
po� er wasps 
(subfamily 
Vespidae).

 A toad warms up 
on a cool day 
outside the shelter 
it has found in 
rocks along a 
garden bed. 
Inten� onally 
providing crevices 
and access to 
speci� c soils will 
greatly improve 
habitat designs and 
wildlife health.
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CAVES

Caves are important for many animals, including species of bats, birds, � sh, and 
amphibians. In some of Earth’s larger, older caves, endemic species live solely in the 
subterranean ecosystem, while many caves function as sheltering spaces for more mobile 
organisms. Although talk of caves can  elicit thoughts of grandiose underground 
openings like Carlsbad Caverns, in New Mexico, Mammoth Cave, in Kentucky, or 
Devil’s Den, in Florida, ecologically the term cave includes small openings as well as the 
larger gallery caverns.

Caves are de� ned ecologically as natural voids or openings with a ceiling, � oor, and 
walls that  are often further clari� ed by a minimum size large enough for a person to 
enter. A more nature-centric de� nition for a cave includes narrow, deep cracks in rock 

Large rock forma� ons, 
known as cave bacon, 
in Shasta Caverns, 
California. These 
structures are formed 
by deposits of 
dripping water in 
subterranean caves.

 A small cave along a 
limestone outcropping 
on Mount Charleston, 
in Nevada. Structures 
like these o� en 
provide wildlife with 
areas for sheltering, 
nes� ng, and denning.
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A Cascade Caverns Salamander 
(Eurycea la� tans), which is 
endemic to the cave system it is 
found in near San Antonio, Texas.

con� nued overleaf

outcrops, areas under large fallen rocks, long erosional pockets common in sandstones, 
and iconic large caverns (like Mammoth Cave and Carlsbad Caverns), and only rules out 
spaces the wildlife species could not � t into. Animals that use caves and that have also 
adapted to areas with human development often shelter in crawl spaces, attics, chimneys, 
culverts, and sewers. For folks who want to support species that use caves, hollow areas 
can be created for quite a few species. Arti� cial caves can attract animals away from 
dwellings that might be less suitable for wildlife to shelter in.

Key characteristics of a well-designed cave include good insulation, appropriate size 
for wildlife, appropriate placement for use, and rough, textured ceilings and walls for 
animals to climb; a cave suitable to live in does not � ood (unless it always has water, 
such as a cave next to a pond). Insulation can be from deep soils, mulch, or thick stones 
outside the structure to keep the cave cooler than the outside temperatures in summer 
and warmer than winter lows. Note that these created spaces are similar to burrows. � e 
size of the cave will depend on the species it is meant to support, which will also depend 
on the overall yard size. Raccoons and foxes, for example, should have caves that are 4 to 
5 feet (1.2–1.6 m) deep in colder regions like zones 2–6, but openings and tunnels can 
be 14 to 20 inches (0.35–0.45 m) in diameter. Smaller animals, like salamanders, will use 
much shallower caves with openings that are less than 3 inches (7.5 cm) in diameter and 
need damp conditions. Placement is also important, as some animals will walk or crawl 
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CAVES con� nued

Organic Materials
— Leaf Li� er
Many species of trees and shrubs drop their leaves seasonally. Plants that drop their 
leaves seasonally are known as deciduous. Some species drop their leaves during the 
dry season and droughts, while most species lose their leaves during winter. Decidu-
ous plants provide crucial habitats and feed local nutrient cycles. In forested areas, the 
leaves typically make an even covering of the forest fl oor. Rain and snow help secure 
this leaf layer and prevent leaves from blowing around. In open woodlands, forest 

into ground-level caves, but swallows and swifts will use caves with openings 8 feet 
(2.3 m) or higher o�  the ground.

Suitable materials for walls and ceilings include bricks, natural stones, animal 
kennel tops with a roughened interior, and durable plastic structures with deep 
scratches for climbing. Using cement or new cement blocks will work for reptiles and 

A Tricolored Bat (Perimyo� s 
sub� avus) hiberna� ng in a 
cave. During the summer 
months, these bats will 
seek shelter in dead leaf 
clumps of trees, tree 
hollows, and barns.



59Organic Materials

A common cement cavity protec� ng plumbing and gas valves, which also func� ons as a pit trap 
for many animals, including snakes.

edges, and savannahs, dropped leaves are carried by the wind into areas under bushes 
and branches, creating localized, secured piles of leaves. Rainstorms that wash leaves 
and other materials into local heaps can create similar piles. Although some animals, 
like gall wasps and leaf miners, are left to chance for their survival and where leaves 
fall, most animals seek out secured leaves in suitable microhabitats.

Leaf piles create immediate protection from weather and provide insulated spaces 
with more consistent humidity and less variation in daily temperature swings. As 
leaves decay, bacteria, fungi, and decomposing organisms consume the organic mate-
rials. Th eir metabolic processes that break down the leaves involve chemical reactions 

mammals, but the pH can harm amphibians and invertebrates. Care should be taken 
to ensure spaces that include access to soils and organic materials if salamanders, toads, 
or other invertebrates are the target residents. In regions with harsh winters, areas of 
the cave should be higher than the entrance. � is helps warm air stay in the cave and 
prevents water from soaking the shelter. See the chapter 2 section “Burrows, Caves, 
Crevices, and Rocky Shelters” for design ideas.
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that produce heat, which creates warmer microhabitats compared to the surround-
ing areas. Pupating butterfl ies and moths, overwintering insects, various amphibians, 
nesting mammals, and many soil invertebrates rely on these warmer microclimates 
for protection from extreme cold temperatures to survive the winter.

In urban areas, hard surfaces allow leaves to be blown around and washed into 
less wildlife-friendly piles that are also viewed negatively by most residents. Th ese 
materials can clog important drains, create traffi  c hazards, and make surfaces slippery. 
Due to these hazards, many cities and landowners bag up leaves and remove them 

Fallen leaves along a 
deciduous forest 
� oor are part of the 
nutrient cycle the 
mycelium of this 
mushroom 
facilitates.

Leaf fall by a boulder that is deeper 
than nearby areas. These 
microhabitats provide shelter for 
many terrestrial and non-fossorial 
animals (those not adapted to 
digging) and overwintering sites.
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Betula, 130, 131, 192, 250, 251, 287
Betula papyrifera, 130, 191, 250, 

251
Bidens, 230, 237
Bindweeds, 235
Birch. See Betula
Birch, Paper, 130, 191, 250, 251
Birch, White. See Betula papyrifera
Bird. See common names
Bird box, 93, 272, 298. See also

Nest boxes
Bird feeders, 187, 273–276, 279, 

283
Bird nests, 10, 11, 21, 38, 52, 55, 

62, 72, 87, 88, 92, 93, 101, 
124, 125, 147, 197, 224, 
269–273, 276, 277, 280–283, 
287, 293, 319, 321

Birdbath, 109, 131, 144, 152, 154, 
155, 158, 159, 267, 277, 283

Birdhouses, 11, 124, 132, 134, 
269–271, 273

Bison, American, 2, 13, 65, 67, 
73–76, 78, 80, 83, 91, 166, 
167, 172, 177, 178, 186, 
187, 306

Black Bear, American, 65, 67, 68
Black-eyed Susan, 28, 30, 198
Black Widow, Southern, 179
Blackbirds, 273
Blue Star, 248
Blueberry, 199, 269, 283
Blueberry, Northern Highbush, 

199
Bluebird, Eastern, 101, 269, 271, 

272
Bombus, 126, 198, 205
Bombyliidae, 203, 225, 313
Boneset, Late, 194
Borago, 229
Borders, garden, 55, 63, 104, 105, 

107, 108, 124, 125, 130, 140, 
142, 147, 168, 170, 191, 192, 
198–201, 207, 248, 286, 
316, 320

Borrichia, 237
Bouteloua dactyloides, 117
Brambles. See Rubus
Brassica, 229, 230
Brazoria, 229
Bristlegrasses. See Setaria
Brocade, Silver, 246
Brooms. See Baccharis
Buckthorns, 177
Buckwheat, California, 193
Bufonidae, 126. See also Toad
Bug snug, 133
Bugs, ambush predator, 204, 213, 

226, 249
Bullfrog, American, 40
Bumblebees. See Bombus
Burrow makers, 44, 50–52, 82, 88, 

113, 134, 187
Burrows, 11, 43, 49–55, 57, 

82–85, 88–91, 110, 134, 
136, 137, 139, 143, 206, 228, 
233, 241, 258, 260–266, 294, 
315, 316

Bush, Sugar, 177
Butterfl ies, gossamer-winged. See

Lycaenidae
Butterfl ies, swallowtail. See

Papilionidae

Butterfl ies, brush-footed. See
Nymphalidae

Buttonbush, 235, 314

Cactaceae, 234, 313, 314
Cactus, Miniature Barrel, 231
Cactus family. See Cactaceae
Cakile, 229
Calamintha, 237
Calcium, 119, 185–187
Calendula, 247, 279
Callicarpa, 192, 202, 230, 237
Callicarpa americana, 192, 202
Calocedrus, 177
Camissonia, 253
Campanula, 229, 230
Cardinal Flower, 313
Cardinals (bird), 271, 272
Carduus, 229, 237
Carya, 192, 250–252
Carya illinoinensis, 192
Castanea, 229, 230
Catbird, Gray, 280
Caterpillar, 23, 28, 99, 109, 115, 

126, 161, 169, 190, 198–200, 
202, 210, 238–253, 267, 268, 
282, 296, 299

Caterpillar, Cecropia Moth, 249, 
250

Caterpillar, Lady butterfl y, 246
Caterpillar, Luna Moth, 250
Caterpillar, Monarch butterfl y, 

242–245 
Caterpillar, woolly bear, 238
Caterpillar hunter (wasps), 161, 

221, 239, 296
Caterpillar molting, 238, 243
Caterpillar monitoring, 184, 

240, 294
Cattails. See Typha
Cave (ecology), 11, 32, 48, 49, 54, 

56–58, 134, 138, 144
Cave (shelter/creation) 138, 

144–146, 155
Cavity makers, 91
Ceanothus, 105, 177, 192
Cecidomyiidae, 174
Cedars, incense, 177
Centaurea, 229, 230, 237
Cephalanthus occidentalis, 235, 314
Ceratina, 220, 231
Cercis canadensis, 311
Cervus canadensis, 65, 76–78, 186 
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Cevallia, 229
Chamaecrista, 230
Chamaedaphne, 230
Chamaenerion, 229
Chara, 40, 41
Chelsea chop, 285
Cherry. See Prunus
Cherry, Black, 197
Cherry, Catalina, 177
Chickadee, 62, 275
Chickadee, Mountain, 62
Chilopsis, 229, 237, 313
Chollas, 193, 234, 273
Chollas, tree, 193, 273
Chrysididae, 207
Chrysanthemum, 229, 230
Chrysopsis, 237
Cichorium, 229, 230
Cinquefoils, 48
Cirsium, 229, 230, 235, 237, 247
Citrus, 229
Clammyweed, Redwhisker, 197
Clarkia, 229
Claytonia, 230, 232
Climate change, 14, 22, 25, 34, 

35, 100, 214, 257, 288–291, 
315

Clockweed, 196
Clover. See Trifolium
Clover, prairie. See Dalea
Clover, Sweet Yellow, 195
Coccinellidae, 239, 295
Coff eeberry, California, 177
Colonization (European), 14, 

29, 81
Colonizing (ecology), 18, 20, 

46, 78, 170, 191. See also
Succession

Commelina, 237
Community (animal), 7, 13, 36, 

68, 98, 304
Community (microbial), 179
Community (people), 73, 218, 

285, 316, 321
Community (vegetation), 1, 2, 

4–6, 9, 13, 15, 17, 18, 23, 
26, 29, 31, 33, 61, 66, 67, 68, 
71, 72, 74, 77, 79, 81, 94, 96, 
99, 104, 166, 167, 169, 172, 
190, 197, 214, 234, 271, 304, 
306, 308

Compost, 61, 117, 120, 127, 157, 
178, 187, 207, 257

Compost, slow, 64, 126, 158, 
176, 207

Conefl ower. See Echinacea; 
Rudbeckia

Conefl ower, purple, 193, 235, 286
Conefl ower, Upright Prairie, 

198, 286 
Conoclinium, 192, 248, 249, 314
Conoclinium coelestinum, 192
Conoclinium dissectum, 192, 248
Conservation, 10–12, 23, 45, 46, 

66, 67, 72, 93, 101,115, 124, 
138, 157, 168, 169, 181, 188, 
214, 284, 285, 287, 303, 305, 
308, 315, 319

Convolvulaceae, 314
Convolvulus, 229, 230
Coreopsis, 229, 230
Corixidae, 258
Corn, 200, 321
Cornus, 192, 229
Cornus sericea, 192
Coronilla, 230
Corylus cornuta, 177
Cosmos, 229
Cottonwoods, 77, 197
Cougar, 65, 184
Cover Crop, 118
Coyote, 50, 79, 134, 184, 284
Cranberries, 199
Crataegus, 67, 193, 230
Crayfi sh, 37, 256, 258
Creosote Bush, 8
Crepis, 229
Crevice, 26, 49, 50, 52, 55, 111, 

124, 134, 140–144, 148, 149, 
150, 206, 216, 249, 259–264, 
266, 268, 282, 317

Crevice gardens, 146, 149, 150
Cricket Frog, Blanchard’s, 76
Crickets, 50, 52, 206–207, 258, 

266, 267, 282
Crickets, fi eld, 207
Cryptantha, 75
Cucurbita, 235, 312
Cucurbitaceae, 313
Cudweed, 246
Cultivars, 285, 308–310
Currant, Golden, 177
Currants. See Ribes
Cyanocitta cristata, 281
Cycnia inopinatus, 299, 311
Cylindropuntia, 193

Cynanchum, 248, 314
Cynipidae, 174
Cynomys, 46, 51, 65, 81–83, 284
Cyperaceae, 117, 154
Cyprididae, 258
Cypripedium, 230

Daisy. See also Asteraceae
Daisy, Chocolate, 310
Daisy, Cowpen, 200, 203, 247
Daisy, False, 193
Daisy, Tahoka, 195, 314
Dalea, 229, 237, 314
Damselfl ies, 42, 70
Danaus, 99, 192, 243
Danaus gillipus, 192, 240, 248
Danaus plexippus, 99, 192, 199, 

238, 240, 242–244, 246, 
248, 311

Dandelions, 117, 199, 232, 311
Dasypus, 88, 89
Datura, Sacred, 193
Daucus, 229
Deadheading, 191, 193, 198, 

285, 286
Decay, 3, 9, 27, 59, 62, 63, 68, 91, 

92, 119, 124, 125, 127, 133, 
177, 178, 181, 230, 252, 260, 
261, 263, 266, 268

Deep burning, 5, 15–16 
Deer, 74, 79, 81, 151, 167, 173, 

182, 184, 192, 310
Deer, White-tailed, 185
Delphinium, 16, 229, 313
Dermatophyllum, 229
Desert, 1, 5, 8–9, 33, 34, 96, 122, 

153, 194, 208, 218, 226, 305
Desmodium, 230
Devil’s Bouquet, 313
Diadophis punctatus, 266
Dichelostemma, 229
Dichondra, 117
Dickcissel, 267
Diervilla, 229, 230
Digger Bee, California. See 

Anthophora californica
Diospyros, 251, 265
Disturbances, 2, 4, 6, 8, 9, 12–15, 

20, 29, 52, 61, 68, 73, 75, 
91, 118, 126, 141, 166, 169, 
180, 186–187, 239, 280, 315, 
318. See also Fire; Flooding; 
Succession



335Index

Docks, (plant), 313
Dogbane family. See Apocynaceae
Dogwood, Red Osier, 192
Dome fl owers. See Gaillardia
Dove, 267, 269, 270, 271, 272, 

282
Dove, Eurasian Collared, 282
Dove, Mourning, 282–283
Dove, White-winged, 282
Dragonfl ies, 11, 36, 40, 42, 152, 

154, 161, 208–209, 211, 212, 
227, 254

Drought, 4, 8, 9, 13, 19, 23, 
24–25, 34, 58, 98, 103, 154, 
159, 165, 289–291, 297, 309

Drought-tolerant species, 
191–196

Drycopus pileatus, 91, 186, 298
Dryophytes, 254, 257
Dudleya, 229
Dumetella carolinensis, 280
Duranta, 229

Eagle, Bald, 72, 292
Eagle, Golden, 65
Early succession, ix, 4, 5, 9, 178, 

236
Echinacea, 193, 229, 230, 235, 

247, 268, 269, 286, 311
Echinacea purpurea, 193
Echinocereus, 229
Eclipta prostrata, 193
Ecoregion, 1–5, 9, 14, 19, 22, 24, 

33, 34, 36, 38–40, 42, 45, 
46, 52, 61, 65, 76, 85, 94, 96, 
105, 119, 130, 137, 151, 152, 
258, 268, 290, 309

Ecosystem engineers, x, 11, 51, 
64, 93

Ectopistes migratorius, 14
Elderberries. See Sambucus
Elephantopus, 230
Elk, 65, 76–78, 186
Elm, American, 251
Enclosure, 181
Endangered species, 8, 152, 309, 

320
Enemion, 230
Ephemerals, 33, 152, 257, 294
Ephemeral pools, 33, 38, 76, 

152, 257
Epilobium, 230
Equisetum, 40

Ericameria nauseosa, 193
Erigeron, 193, 230, 237
Eriodictyon, 230
Eriogonum fasciculatum, 74
Eriophyllum, 229
Eryngium, 200, 230
Eryngium yuccifolium, 193
Erysimum capitatum, 193
Erythronium, 230
Eschscholzia, 229
Escobaria, 229
Establishing, 7, 17, 22, 71, 74, 

78, 95, 130, 160, 170, 199, 
298

Eupatorium, 229, 237
Eupatorium serotinum, 194
Euphorbia, 177, 228, 230, 312
Euphorbia xanti, 177
Euthamia, 237
Eutrochium, 174, 314
Eutrochium maculatum, 194
Evening primrose, 252, 249
Evening Primrose, Brown-eyed, 

253
Evening Primrose, Showy, 196, 

201, 249
Everlasting, Caribbean Purple, 

246
Everlasting, Pearly, 246
Everlasting, Spoonleaf Purple, 

246
Everlasting, Sweet, 246
Exclosure, 81, 182
Extirpated wildlife, 7, 50, 54, 64, 

65, 86, 88, 100, 109, 117, 
141, 180, 184, 186, 215, 
288, 298. See also Ecosystem 
engineers

Fagopyrum, 229
Fallugia paradoxa, 194
Fences, 48, 74, 81, 83, 97, 106, 

121, 181–183, 219, 226, 262, 
269, 271, 306, 319

Ferns, 52, 94, 128, 130, 133, 150, 
163, 303

Ferns, resurrection, 94
Fir, Douglas, 197
Fire, 3, 4, 7, 8, 9, 12, 13, 14–18, 

29, 77, 79, 99, 100, 171, 239, 
248, 297

Fire, low-intensity, 16, 18
Fire, severe, 14, 16, 18

Fire-adapted species, 8, 248
Fire ants, 296, 297 
Firefl ies, 209. See also Lampyridae
Firewheel, 314. See also 

Gaillardia
Fleabane. See Erigeron
Fleabane, Marsh, 197
Flickers, 237, 275
Flies, bee mimic
Flies, gall-forming, 174
Flies, robber, 213, 225, 242
Flies, syrphid, 239
Flooding, 3, 13, 18–22, 33, 34, 69, 

102, 146, 157, 290
Fly, Tachinid, 244, 248
Forested region, 1, 5, 6,143
Forests, ecology, 7, 13, 16, 18, 31, 

33, 77, 98, 158
Forests, succession, 4–6
Forget-me-nots, 247
Formicidae, 212, 243
Fouquieria splendens, 314
Fouquieriaceae, 314
Four-o’clocks, 253
Fox, 50, 52, 57, 132, 137, 138, 

147, 183, 184, 186, 196
Fox, Red, 284
Frangula californica (formerly

Rhamnus californica), 177
Fraxinus, 194
Fritillary, Glanville, 99
Frog, 38, 40, 76, 87, 92, 112, 

127, 152, 154, 159, 161, 
162, 242, 253–257, 267, 282, 
298, 302

Frog, chorus, 253–255
Frog, Green, 255
Frog, leopard, 302
Frog, squirrel, 256–257
Frog, Wood, 162
Froglet, 254, 255, 264
Full sun, 21, 29–32, 36, 40, 48–50, 

130, 131, 145, 162, 191–200, 
219, 236, 272, 292, 293

Fungi, wood ear, 64
Fungicide, 116

Gaillardia, 229, 230, 237, 314, 
110, 194

Gaillardia pulchella, 194
Galinsoga, 230
Gallberry, 177
Gambusia, 36, 37, 161, 210
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Gamochaeta antillana, 246
Gamochaeta pensylvanica, 246
Garberia, 230, 237
Gaura, 253
Gayfeather. See Liatris
Gayfeather, Dotted, 195, 314
Geometridae, 241, 245
Geranium, 229, 230
Glandularia, 313, 314
Glandularia bipinnati� da, 314
Globemallow, 199
Globemallow, Narrowleaf, 314
Gnaphalium obtusifolium, 246
Gold, Spanish, 314
Goldenaster, Hairy, 65
Goldenrod. See Solidago
Goldenrod, Canada, 199
Goldfi nch, American, 268, 286, 

311
Gomphocarpus physocarpus, 248
Gopherus, 65, 89, 90
Gourd, 235, 312, 313
Gourd, Buff alo, 235
Grapevines, 253
Grass, 28, 30, 31, 63, 72, 74, 75, 

77, 83–85, 95, 97, 108, 115, 
117, 120, 146, 168, 172, 173, 
175, 206, 215, 248, 268, 269, 
282, 283, 294, 313, 321

Grass, Buff alo, 117
Grass, St. Augustine, 117
Grass, windmill, 269
Grasshopper, 190, 210, 267, 

282
Grasshopper, Eastern Lubber, 

210
Grindelia, 194, 229, 230, 314
Grindelia ciliata, 314
Grindelia squarrosa, 194
Groundhog, 84–86, 184
Ground-nesting bees, 52, 119, 

203, 204, 212, 216–218, 
220, 224, 226, 229, 231, 
232, 236. See also Bee nests, 
ground

Gumplants. See Grindelia
Gumweed, Curly Cup, 194
Gypsophila, 229

Habitat composition, 1–12
Habitat degradation, 7, 10, 215, 

304

Habitat management, 11, 214, 291
Habitat succession, 12–17, 47, 72, 

78, 100, 239, 293
Hawk, 184
Hawk, Cooper’s, 276
Hawk, Red-tailed, 102
Hawkmoth, 99, 193, 196, 313
Hawthorns, 67, 193, 283
Hazelnut, Beaked, 177
Hedeoma, 230
Helenium, 194, 229
Helianthus, 174, 194, 224, 

229–237, 247, 268, 269, 283, 
311, 314

Helianthus annuum, 194
Helianthus maximiliani, 194
Helichrysum, 246
Heliopsis, 229
Heliotropium, 230
Herbaceous plants, 3, 7, 13, 15, 

16, 18, 29, 31, 32, 63, 71, 
77, 78, 83, 84, 96, 119, 159, 
166, 167, 169, 171, 174–176, 
192–199, 200, 232, 234, 258, 
268, 271, 279, 285, 286, 288, 
293, 294, 321 

Herbicide, 116, 117, 170, 215, 
300, 303

Hesperaloe parvi� ora, 314
Hesperia dacotae, 28
Hesperis, 230
Heteromeles arbutifolia, 177
Heterotheca, 194, 229, 237
Heterotheca villosa, 194
Hibernacula, 264
Hibernate, 50, 58, 85, 88, 90, 92, 

126, 127, 138, 157, 207, 228, 
264, 265, 266

Hibiscus, 235, 236
Hickories, 192, 250–252. See also 

Carya
Hieracium, 229, 230, 237
Ho� mannseggia, 230
Holly. See Ilex
Holly, California, 177
Holly, Inkberry, 177
Holly, Yaupon, 105, 177
Hollyhocks, 247
Honey Mesquite. See Neltuma 

glandulosa
Honeybee, Western, 216, 219, 

227

Honeysuckle, Coral, 313
Honeysuckle, Twinberry, 177
Hornet, 240, 296
Hornet, Bald-faced, 296
Hornworms, 99, 252
Horsenettle, Carolina, 198
Horsetails. See Equisestum
Host (animal), 99, 200, 203, 204, 

212, 225, 281, 311
Host (plant), 29, 99, 100, 

191–200, 214, 235, 238–253, 
288, 298, 311, 312

Houstonia, 229
Hover fl ies. See Syrphidae
Hummingbird, 110, 195, 198, 

202, 270, 273, 275, 310, 
312, 313

Hummingbird, Black-chinned, 
270

Hummingbird, Ruby-throated, 
202, 310, 313

Hummingbird feeder, 275
Hydrangeas, 230, 285
Hydrophyllum, 230
Hylaeus, 220
Hyles lineata, 199, 252–253
Hypericum, 229, 230
Hypochaeris, 229
Hyptis, 230
Hyssop, 214
Hyssop, Anise, 191

Icicle Plant, 246
Icterus, 273
Ilex, 105, 177, 230, 237, 269
Ilex glabra, 177
Ilex vomitoria, 105, 177
Impatiens, 229, 230, 320
Instar, 241–244, 246, 250–252
Invasive species, 14, 28, 37, 79, 

100, 102, 104, 120, 147, 164, 
169–171, 184, 190, 195, 214, 
227, 232, 247, 263, 270, 273, 
274, 279, 296–299, 303–305, 
310, 315

Ipomoea, 229, 230, 237, 253, 314, 
320

Ipomoea cordatotriloba, 314
Ipomoea leptophylla, 314
Ipomopsis rubra, 314
Irises, 42, 175, 176, 286
Ironweed, 235
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Ironweed, Tall, 200
Isopod, 165

Javalina, 187
Jay, 275
Jay, Blue, 281
Jay, Canada, 187
Jojoba, 177
Joe-Pye weeds, 174, 194, 314
Juglans, 250–252
Juncus, 40
Juniperus, 177
Juniperus virginiana, 105

Kallstroemia, 230
Kingbird, Eastern, 227
Kinglet, Ruby-crowned, 279
Koblerinia, 273

Lacewings, 239, 243, 295
Lachnanthes, 237
Lactuca, 230
Lamiaceae, 314
Lampyridae, 209
Lantana, 230, 248, 311, 313
Larkspurs, 16, 313
Larrea, 8, 229, 230
Larvae, beetle, 204, 221 
Larvae, lepidopteran. See

Caterpillar
Larvae, mosquito, 37, 40, 160, 

161, 211, 259
Lasioglossum, 217
Late succession, 4, 5, 13, 199
Lavandula, 229
Leadplant, 191
Leaf litter, 39, 49, 58, 61, 91, 120, 

138, 175, 187, 205–207, 
209, 210, 241, 245, 249, 250, 
252, 254, 259–263, 265, 266, 
292–294, 316

Leaf miners, 59, 174
Leafcutter bee, 198, 216, 220, 

234. See also Megachile
Leafcutter Bee, Alfalfa, 234
Leave the Leaves, 292
Lemonade Berry, 177
Lepechinia, 230
Letting nature take its course, 

294
Leucophyllum, 177, 313
Leucophyllum frutescens, 177
Liatris, 229, 237, 249

Liatris punctata, 195, 314
Licania, 237
Licorice Plant, 246
Lightning bugs. See Lampyridae
Limonium, 229
Lippia, 230
Liquidambar, 250, 251, 281, 287
Lithobates, 40, 162, 255–256, 

302
Lizard, 43, 50–52, 55, 63, 88, 90, 

91, 98, 110, 112, 134, 139, 
141, 143, 144, 155, 158, 169, 
173, 182, 183, 187, 206, 226, 
262–264, 266, 267, 282, 295, 
297, 298–299, 316

Lizard, alligator, 264
Lizard, Common Side-blotched, 

88, 262
Lizard, Eastern Side-blotched, 

262
Lizard, side-blotched, 88, 262
Lobelia, 230, 313
Log, 15, 18, 20, 23, 24, 26–28, 

44, 49, 50, 54, 62–64, 68–69, 
91–93, 96, 109, 124–134, 
146, 147, 154, 158, 162–164, 
180, 186, 205–207, 210, 230, 
237, 241, 249, 253, 257–261, 
263–264, 266, 271, 298

Log, shelter, 132, 134
Log borders, 63, 130
Log microclimate, 28, 63, 

130–133, 260, 266
Log garden. See Stumpery
Lonicera, 177, 230, 313
Lonicera involucrata, 177
Lotus, 40, 163, 229, 230
Lotus, American, 40
Ludwigia, 230, 237
Lupine, Silvery, 195
Lupinus, 195, 230
Lycaenidae, 299
Lycium, 230
Lyonia, 237
Lythrum, 229, 237

Machaeranthera, 230
Machaeranthera tanacetifolia,

314
Magnolia, 230
Mallow family. See Malvaceae
Mallow, rose, 235
Malosma laurina, 195, 230

Malus, 177, 232, 253 
Malus pumila, 195
Malvaceae, 235, 236, 247, 314
Mammals, 14, 49, 59–61, 72, 

74, 76, 80, 85, 92, 101, 102, 
138, 166, 206, 210, 217, 280, 
288, 294 

Manduca quinquemaculatus, 99, 
252

Mantis, Carolina, 185
Mantis, praying, 225, 239, 244
Mantodea, 239, 244
Manure, 67, 69, 118–120, 178, 

179
Manzanita, Vine Hill, 177
Maple, 132, 191, 232, 252, 280, 

281, 287. See also Acer
Maple, Red, 132, 191
Marigold, 247
Marigold, Desert, 192
Marmota, 84–86, 135
Marmotini, 102
Marmots, 84–86, 135
Martin, Purple, 271
Mecaphesa, 205
Medicago, 229
Megachile, 198, 216, 220, 224, 

234
Melilotus, 195, 229, 230
Melilotus o�  cinalis, 195
Melitaea cinxia, 99
Meloidea, 203
Melozone, 91, 187
Mentha, 230
Mephitidae, 276
Mesquite, Honey, 8, 196, 268, 

282
Microclimate, 5, 24, 26–60, 95, 

96, 136, 147, 148, 172, 177, 
206, 222, 291

Microhabitats, 3, 9, 24, 26, 28, 31, 
33, 40, 44, 46, 49, 51, 52–55, 
59, 60, 63, 89, 91, 94, 112, 
124, 128, 130, 131, 133, 139, 
141, 147, 148, 151, 157, 173, 
178, 186, 222, 257, 265, 284, 
290, 297, 306, 315–318

Milkweed. See Asclepias
Milkweed, Aquatic, 40, 154
Milkweed, Broadleaf, 243
Milkweed, climbing, 314
Milkweed, Swamp, 185
Milkweed Vine, 248, 314
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Millet, 283
Mimosa, 230, 237
Mimulus guttatus, 195
Mimus polyglottos, 226, 269, 283
Mirabilis, 253
Mistfl ower, 192, 248, 249, 314
Mistfl ower, Blue, 192
Mistfl ower, Palm-leaf, 192, 248
Misumena, 205
Misumessus, 205
Mockingbird, Northern, 226, 

269, 283
Monarch, 99, 192, 199, 238, 240, 

242–244, 246, 248, 311
Monarda, 174, 196, 202, 229, 230, 

252, 310, 311, 313, 314
Monarda � stulosa, 196
Monkeyfl ower, Seep, 195
Moonfl ower, 235
Moose, 180, 185, 186, 287
Morning Glory, Bush, 314
Morus, 265, 283, 287
Mosquito dunks, 211
Mosquitoes, 37, 40, 160–161, 166, 

210–212, 259
Mosquitofi sh. See also Gambusia
Mosses, 15, 32, 130, 133, 157,158, 

254
Moth, Alluring Schinia, 238
Moth, Cecropia, 202, 249, 250
Moth, cutworm, 245
Moth, geometer, 241
Moth, hummingbird, 252
Moth, hummingbird clearwing, 

252
Moth, Luna, 250–251
Moth, Polyphemus, 251–252
Moth, Salt Marsh, 191
Moth, sphinx, 50, 126, 199, 

252–253. See also Sphingidae
Moth, yucca, 312
Mountain Lion, 65, 184
Mourning Cloak, 241
Mowing, 102, 104, 113, 116, 117, 

167–171, 174, 198, 280, 
300–303, 315

Mulberries, 265, 283, 287
Mulch piles, 127–130, 164, 181, 

206, 319
Muskgrass, 40, 41
Mutillidae, 212
Myrica, 177, 237
Myrica californica, 177

Nativar, 308, 321
Native plants, ix, 2, 8, 12, 21, 46, 

64, 75, 79, 81, 84, 101, 104, 
105, 108, 113, 115, 118–120, 
144, 156, 161, 167, 170, 
171, 174, 176, 177, 181, 183, 
190–203, 210, 215, 217, 
231, 235, 241, 256, 262, 267, 
268, 278, 281, 284, 285, 289, 
298, 301, 302, 303–308, 310, 
312, 313, 315, 320, 322

Natural areas, 7, 63, 100, 206, 
229, 263, 279, 284, 306

Natural enemies, 7, 98–100, 213, 
225, 238, 239, 243, 248

Nectar, plants, 107, 110, 190, 238, 
248, 314

Neltuma glandulosa (formerly 
Prosopodis glandulosa), 8, 
196, 282

Nemognatha nemorensis, 204
Nepeta, 229, 230
Neptunia, 230
Nest, bee, 45, 64, 118, 119, 142, 

167, 174, 175, 197, 203, 216, 
220, 221–224,226, 232, 233, 
235, 236

Nest, bird, 11, 21, 92, 93, 101, 
224, 226, 269, 271, 276

Nest, reptile, 127, 262, 264, 266. 
See also Mulch Piles

Nest boxes, 11, 77, 93, 101, 224, 
270, 271, 272, 282. See also
Bird boxes

Neuroptera, 239, 243, 295
Newt, 257–259
Newt, Eastern, 258–259 
Newt, Rough-skinned, 259
Nightshade, Silverleaf, 199
Nightshades. See Solanum
No Mow May, 285, 300–303
Noctuidae, 245
Notophthalmus, 257–259
Nursery log, 24, 62, 95. See also

Log
Nuthatches, 275
Nutrient cycles, 5, 6, 42, 43, 58, 

60, 62, 65, 68–70, 73–75, 79, 
80, 91, 100, 120, 125, 166, 
177–179, 187, 306

Nymphaea, 40, 154
Nymphaeaceae, 42
Nymphalidae, 241, 245–249

Oak, 61, 63, 94, 95, 97, 125, 177, 
197, 252, 268, 270, 273, 281, 
287. See also Quercus

Oak, Coast Live, 177
Oblique Longhorn (bee), 

236–237
Ocimum, 229
Ocotillo, 314
Odocoileus virginianus, 185. See 

also Deer
OE. See Ophryocystis elektroscirra
Oenothera, 196, 201, 229, 230, 

237, 252, 253, 268, 314
Oenothera biennis, 196
Oenothera lindheimeri, 196
Oenothera speciosa, 196, 201, 249
Oenothera su� rutescens, 314
Onagraceae, 196, 201, 229, 230, 

237, 252, 253, 268, 314
Ophryocystis elektroscirra (OE), 

240, 243, 248
Opuntia, 83, 196, 228, 229, 234, 

237, 265, 269, 314
Opuntia engelmannii, 196
Origanum, 229, 230
Orioles, 273
Osmia, 214, 220–223
Ostracods, 38, 166, 258
Ovenbird, 125
Overwintering, 6, 27, 28, 43, 49, 

50, 60, 61, 64, 112, 124, 125, 
127, 130, 133, 139, 141, 144, 
146–148, 169, 173, 203, 
206, 228, 229, 231, 235, 236, 
241, 245, 246, 249, 251, 257, 
261–266, 268, 278, 292–294, 
318

Overwintering sites, 60, 61, 127, 
141, 228, 257, 268

Owl, 184
Owl, Burrowing, 11, 51, 82
Owl, Great Horned, 183
Owlet moths. See Noctuidae
Oxalis, 230
Oxypetalum caeruleum, 248

Packera, 230
Palm, California Fan, 305
Painted Lady, 191, 247–248
Pantherophis, 276
Papilionidae, 238, 241
Parkinsonia, 230
Passer domesticus, 102, 270


