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Foreword

The papers in this volume are contributions from National Biological
Service (NBS) scientists, university students, and resource managers throughout
the Colorado Plateau. The focus of all studies in this volume is on providing
baseline scientific information on the physical, cultural, and natural resources
of the Colorado Plateau. Support for these studies came from a myriad of federal,
state, and private partners concerned about the well-being of the Plateau’s
resources.

The rich variety of the 68 presentations given at the conference and the
16 papers included here reflects the diversity of science presently being carried
out on the Colorado Plateau. I applaud the effort of the contributors who, with
modest funding and a broad base of public and institutional support, have
pursued important lines of work in the four states that make up this vast
biogeographic region.

All across America, we face the prospect of extensive environmental
changes that will continue to affect the physical, cultural, and natural resources
on our federal lands. As the biological and ecological research branch of the
Department of the Interior, we in the NBS are committed to providing sound
scientific information that can be used by both public lands managers and private
landowners to conserve and manage natural resources.

National parks represent the best remaining examples of America’s
natural ecosystems and, as such, are baselines for measuring future change. To
protect parks and other federal lands, we must increase our efforts to inventory
and monitor their biological resources, to understand the factors, both natural
and human-induced, that threaten them, and to assist with the design of resource
management programs that will ensure that future generations can use and enjoy
them as we have.

In short, we must provide the sound science needed to conserve and
manage the natural resources that sustain us, inspire us, and represent our bio-
logical and environmental heritage.

H. RONALD PULLIAM

Director
National Biological Service
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Introduction to the Proceedings of the
Second Biennial Conference on Research in
Colorado Plateau National Parks

On 25-28 October 1993 in Flagstaff, Arizona, the National Biological
Service Colorado Plateau Research Station (formerly National Park Service
Cooperative Park Studies Unit) and Northern Arizona University hosted the
Second Biennial Conference of Research on the Colorado Plateau. The confer-
ence theme focused on research, inventory, and monitoring on federal, state,
and private lands in the Colorado Plateau biogeographic province.

This is the second volume (see Rowlands et al. 1993) of a planned series
of Colorado Plateau Research Station proceedings that highlights research and
resource management efforts related to physical, cultural, and natural resources
within the Colorado Plateau biogeographic province. The 16 papers in this
volume were selected from 68 posters and research papers presented at the
Second Biennial Conference. Each paper represents original research and has
been reviewed anonymously by three peers in that particular research discipline.
This volume of proceedings, like the products of other symposia centered
around particular themes, will focus attention on some of the salient research
being conducted within the Colorado Plateau. I expect this information to a
stimulate additional support for work on resources of the Colorado Plateau. If
the expectation is achieved, the organizational and editorial efforts of the past
several years will have paid dividends.

The papers naturally divide themselves into physical resources, cultural
resources, and biological resources.

Physical Resources

Hanging gardens are one unique aspect of the Colorado Plateau. May,
Fowler, and Stanton describe the geomorphology and community structure of
hanging gardens and point out that these gardens occur over sections of the
plateau because of unique geologic and hydrologic features. The hanging
gardens in each national park on the Colorado Plateau are identified, and a brief
classification is provided.

The second paper, by Netoff, Cooper, and Shroba, addresses weathering
pits (also known as tanks, caldrons, huecos, dew holes, potholes, water pockets,
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and tinajas) in sandstone substrate—another unique facet of the Colorado
Plateau. The authors discuss weathering pits in the Glen Canyon National
Recreation Area, specifically the series of pits near Cookie Jar Butte. The paper
focuses on causes of formation of the pits.

Brown and Davila provide, in the next paper, an insight into how a
large-scale mapping project can be beneficial to land managers on the Colorado
Plateau. The authors mapped geologic features of Great Basin National Park.
The integration of scientific expertise with management needs can benefit all
involved parties.

In the final paper of the first section, Dexter, Cluer, and Manone report
on the development of a method to monitor sandbar stability along rivers. This
research was part of the multimillion dollar Bureau of Reclamation—-Glen
Canyon Environmental Studies research effort to examine the potential effects
of fluctuating flows from Glen Canyon Dam on the down-river resources of
Grand Canyon National Park.

Cultural Resources

The four papers in this section were chosen to represent a cross section of
cultural and social research being carried out over the Colorado Plateau. The
topics presented span a time interval from the archaic (9000 BP) through the
Fremont culture (1000 BP) to historical fires in Mesa Verde and a 1993 tele-
phone survey of Arizona residents on perceptions about preservation of Grand
Canyon National Park. This section provides the reader with a representative
spectrum of research and management alternatives that cultural resource man-
agers can utilize to better know, protect, and preserve archeological, cultural,
and social resources over the Colorado Plateau.

One of the continuing controversies that exists on archaic occupation of
the Colorado Plateau is whether it has been continually occupied or if humans
have moved in and out of the region (e.g., see Berry 1982). The paper by Geib
presents an argument, through radiocarbon dating of artifacts, that the central
Colorado Plateau has been continuously occupied since 9000 BP.

Some of the most frequently encountered artifacts at archaeological sites
on the Colorado Plateau are ceramic potsherds (Colton and Hargrave 1937). In
many instances, archaic cultures have been identified as having unique ceramic
pottery styles, and the Fremont culture is no exception (Gunnerson 1957). In
the second paper of this section, Spurr presents an examination of the compo-
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sition of Emery Gray ceramics of the Fremont culture to support the contention
that the present classification is not adequate because of inaccurate and incon-
sistent temper designations.

The third paper provides an example of how research can cross disciplines.
Floyd-Hanna, Romme, Loy, and Hanna provide managers with a model that
predicts fires and, ultimately, their effects on cultural resources. Because no
trees with fire scars were present in their Mesa Verde study area, the authors
developed a technique with which to date vegetation recovery.

The fourth paper addresses social research on the Colorado Plateau. Solop
and Rodriquez present the results of a telephone survey of Arizona residents
that examines public attitudes toward protecting resources of Grand Canyon
National Park. Specifically, the authors attempted to gauge frequency of use,
levels of concern for protecting Grand Canyon resources, and finally at what
level people were willing to endure financial costs to support public policies of
park preservation.

Biological Resources

The final section addresses research that has been carried out on biological
resources across the Colorado Plateau. The section is subdivided into plant and
animal groupings. The plant papers encompass a vegetation scheme for the
Colorado Plateau, an analysis of hanging gardens, and a chapter on tissue culture
techniques for ponderosa pine (Pinus ponderosa). The animal papers are organ-
ized by taxonomic level, beginning with amphibian surveys and reptile body
temperatures as related to movement patterns, through several papers on birds,
and ending with a paper on a mammalian reproductive cycle.

The initial paper might ultimately prove to be one of the most important
of this volume. Spence, Romme, Floyd-Hanna, and Rowlands provide a vege-
tation classification scheme for scientists and managers on the Colorado Plateau.
This paper is an accumulation of several years of work by the Colorado Plateau
Vegetation Advisory Committee (CPVAC), whose charge was to construct a
standardized vegetation theme on the Colorado Plateau for managers.

The second paper revisits hanging gardens to address the endemicity of
plants. Fowler, Stanton, Hartman, and May examined 48 hanging gardens in
Zion and Capital Reef national parks and Glen Canyon National Recreation
Area to provide evidence of the importance of these plant species to hanging
gardens.
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Ponderosa pine is probably the most important economic tree species on
the Colorado Plateau. For this reason, silviculturists have paid considerable
attention to the production of young trees that would ultimately prove most
suitable for timber production. Lin and Wagner, in the third paper, discuss the
methodologies they developed to produce plantlets of ponderosa pine from
callus induction and differentiation.

The initial animal paper of this proceedings is by Drost and Sogge and
deals with a survey of northern leopard frogs (Rana pipiens) along the Colorado
River in Glen Canyon National Recreation Area. This paper is important
because of the serious declines of anuran amphibians throughout much of North
America (see the 1990 paper by Barinaga for a succinct overview of this
problem).

The fifth paper features reptiles: Graham, Persons, Schaedla, and Moore
relate a study of body temperature patterns of western rattlesnakes (Crotalus
viridis) at Natural Bridges National Monument. Twelve snakes were implanted
with temperature-sensitive radios that revealed lower body temperatures than
reported from other species of rattlesnakes.

Johnson and Sogge present the first paper on birds—about the influence
that livestock corrals and associated food items have on the abundance and
distribution of brown-headed cowbirds (Molothrus ater) in Grand Canyon
National Park. The authors examined five locations where livestock concentrate
in the park and found cowbirds frequenting three sites (two in Grand Canyon
village and one at Yaqui Point).

The second bird paper is from a 7-year study reporting on observations at
a great blue heron (Ardea herodias) colony adjacent to Curecanti National
Recreation Area in Gunnison, Colorado. Graham and Meyer documented the
gradual movement of heron nests west from Gunnison’s city borders as the
human population expanded and documented the expansion of the heron colony,
which doubled in 5 years.

The last paper pertains to the reproductive cycle of Abert’s squirrels
(Sciurus aberti). This mammal is, much like hanging gardens, a unique aspect
of the Colorado Plateau (Hoffmeister 1971). Pogany and Allred relate their
research in which, from 1992 through 1994, they collected squirrels killed on
roads in Grand Canyon National Park and Walnut Canyon National Monument.
Each specimen was examined histologically to determine the phenology of the
species’ reproductive cycle.
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Geomorphology of the Hanging Gardens of the
Colorado Plateau

Cathleen L. May'

Department of Integrative Biology
Museum of Paleontology
University of California
Berkeley, California 94720

James F. Fowler and Nancy L. Stanton

Department of Zoology and Physiology
University of Wyoming
Laramie, Wyoming 82071

Abstract. A roughly J-shaped archipelago of island habitats is distributed within
the drainage system of the Colorado Plateau from the Zion area at the southwest to the
canyons of the Green and Yampa rivers in the northeast. This is the hanging garden
habitat. Hanging gardens are isolated mesophytic communities physically and biologi-
cally distinct from surrounding xerophytic or riparian communities. Geologic and
hydrologic parameters control the existence, distribution, and physical attributes of the
hanging-garden habitat. Attributes vary with the sedimentologic type of the different
aquifer-bearing geologic formations in which gardens develop. Within a given forma-
tion, garden habitat attributes are relatively consistent. This observation allows a simple,
informative, and predictive model of garden geomorphology to be applied across the
geographic range of the system. The sandstone aquifers of the Colorado Plateau provide
the necessary condition for hanging garden development—a perennial, seep-delivered
water supply and an absence of significant fluvial processes. An erosional process called
groundwater sapping yields protective geomorphology that shields the habitat from the
aridity of the region as well as extrinsic erosional processes. Discharge rate and the
lithology of the seep-supplying geologic formation determine the size, shape, distribu-
tion, and abundance of microhabitats within a hanging garden. Colonization of micro-
habitats is determined by the ecological requirements and by the biogeographic and
evolutionary history of individual species making up the hanging-garden community.
Diversion of the seep supply and erosion of colluvial soil by human foot traffic and
livestock use affect garden ecology negatively. Hanging gardens should be protected

IPresent address: U.S. Forest Service, 740 Simms, Golden, Colorado 80401.



MAY ET AL.

from both activities. Local and regional alteration of patterns of aquifer flow may affect
the hanging-garden ecosystem.

Key words: Biogeography, ecology, groundwater sapping, hydrology, mesophytic
community.

The Colorado Plateau physiographic province of North America is charac-
terized by areally extensive sedimentary rocks of Paleozoic through Recent ages
that are generally flat-lying and are dissected by the Colorado River drainage
system. Several transmissive sandstone formations on the plateau, underlain by
relatively impermeable strata, are effective aquifers (Taylor and Hood 1988).
Large-scale geologic structures (e.g., the Waterpocket Fold monocline and San
Rafael Swell upwarp) yield broad dip planes and extensive joint systems within
sedimentary strata and control groundwater movement at local and regional scales
(Heath 1988). Subject to structural flow controls, groundwater exits from perched
aquifers as seeps and springs on the walls of the incised plateau drainage system.

Groundwater erosional processes are land-shaping agents on the arid Colo-
rado Plateau where bedrock is frequently exposed and soil cover is minimal over
large areas. For example, the familiar theatre-headed canyons with steep side
walls, arch-roofed alcoves, and hanging valleys found in plateau sandstones are
the result of a process called sapping (Laity and Malin 1985). Sapping occurs
where groundwater flow is concentrated and exits as a seep, eroding rock in that
zone and removing the basal support of overlying rock (Dunne 1990). Canyons
both widen and lengthen when the unsupported rock collapses. Until this collapse,
however, cliffward erosion at the seep zone produces a concave-inward geometry
that provides protection from sun and from surface erosion. The hanging gardens
of the Colorado Plateau are found in such concavities with active seeps.

The geographic distribution of aquifer sandstones and the drainages that
expose seeps control the distribution of the hanging-garden ecosystem. The
lithologic and structural character of the aquifer formation, flow dynamics at the
seep zone (Kochel et al. 1985), and extent of headward erosion determine which
of three basic microhabitats are present and the geomorphology of the whole
garden habitat. Our purpose in delimiting the fundamental parameters of garden
habitat development is to provide a context for ecological and biogeographic
research that distinguishes physical variability from biological variability in the
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hanging-garden ecosystem. This distinction will constrain that research to best
estimates of biological process and pattern.

Stanton et al. (1991*%, 1992a*, 1992b*) present preliminary results of the
community ecology research done on this system. Fowler (1995) discusses
endemism in the Zion-area and Glen Canyon hanging-garden communities. We
limit the following discussion to the physical character of the habitat of hanging
gardens for the purpose described above.

Literature Review

Welsh (1989) and Welsh and Toft (1972) list geologic formations in which
hanging gardens are found and classify garden types. Although descriptive and
internally consistent, their typing of gardens centers largely on an ontogenetic
description of garden development through time. Of course, a temporal component
to the geomorphic processes involved exists; however, we find the change is
almost entirely one of size. Size is related to the composition of the garden
community only by the addition of microhabitat types. Basic microhabitat types
are limited to three. Those that characterize a particular geomorphology are
determined very early in the erosional sequence; thereafter, size alone does not
significantly influence community composition or diversity (Stanton et al. 1992a*,
1992b*). Welsh and Toft (1972) also include both physical and taxonomic criteria
in their classification scheme. This does not suit our purpose, because bio-
geographic and ecologic research require a distinction between geomorphic and
biological processes. Where relevant in the following discussion, we correct some
geological misinterpretations and misidentifications found in Welsh (1989) and
Welsh and Toft (1972).

Little information dealing explicitly with geomorphic processes relating to
this unique habitat exists in the literature, though the work of Laity and Malin
(1985) describes canyon growth by groundwater sapping. Hamilton (1992) de-
scribes geologic processes in the Zion area thoroughly and with strong emphasis
on the geomorphology of hanging gardens.

The senior author reviewed pertinent geological literature including strati-
graphy, tectonics, sedimentology, geomorphology, and groundwater hydrology to

?Asterisk indicates unpublished material.
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provide a regional and site-specific context for the field study of the hanging-gar-
den system (e.g., Cooley 1965; Untermann and Untermann 1965; Huntoon 1982;
Doelling 1985; Laity and Malin 1985; Nations 1986; Billingsley et al. 1987;
Hamilton 1987; Hintze 1988; Taylor and Hood 1988; Blakey 1989; Bromley 1991;
Marzolf 1991; Patton et al. 1991; and others).

Field Methods

In addition to relating the distribution of the hanging-garden ecosystem to
the regional geology of the plateau, field study included three levels of analysis.
The most inclusive level comprised the geology surrounding that portion of the
drainage system containing gardens studied in each of the national parks involved
in the project. The intermediate level consisted of observations within individual
drainages—both those containing gardens and those where the appropriate geo-
morphology does not exist—to determine where and how garden development
occurs. The most detailed level comprised on-site characterization of the particular
geomorphology and lithologic and structural geology at each of the 75 hanging-
garden sites that were used for the data base on community ecology. Information
gathered and used to derive the following conclusions included location relative
to local geological structure, relative location within the drainage, identification
of aquifer and aquitard formations or intraformational facies, characterization of
the contact between the two, relative estimation of seep discharge, characterization
of weathering processes at the seep face and colluvial sedimentation below, and
determination of the lateral control on groundwater seepage. Measured parameters
included length of primary seep line and number of secondary seeps, dip of slope
beneath seep zone, size of microhabitats (i.e., size of vegetation patches used in
analysis of canopy coverage), and aspect of the axis perpendicular to the strike of
the seep. The information most pertinent to the community ecology and biogeogra-
phy of the system is in the 1993 annual report to the National Park Service and
will also be in future publications.

The following discussion, prospectus, and conclusions resulted from
9 months of field work on the hanging-garden system in 1991, 1992, and 1993 in
Zion National Park, Glen Canyon National Recreation Area, Capitol Reef National
Park, Natural Bridges National Monument, Arches National Park, Canyonlands
National Park, and Dinosaur National Monument.
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Discussion

We define the hanging-garden community by its assemblage of mesophytic
vascular plants—characterization is made at the community level (Stanton et al.
1991%*, 1992a*, 1992b*). Whereas the garden habitat may support some xero-
phytic and riparian species, the converse is less likely for most garden species—
that is, the garden community occupies a distinct habitat and, as a whole, may not
survive in either xeric or riparian conditions. We define this habitat by the extent
of the primary seep and seep-moistened colluvial soil as described below. The
garden habitat is the product of groundwater seepage. Seeps provide perennial,
drought-resistant localized water supplies. The associated sapping process creates
the protective geometry that allows for colluvial soil development and shields the
habitat from the general aridity of the region.

The seep is the necessary—though not sufficient—condition for hanging
garden development. Additional primary conditions include the absence of sig-
nificant fluvial processes and protection from excessive sun and wind in the driest
parts of the plateau. These few critical physical parameters determine whether
appropriate habitat develops and whether colonization by garden species will be
successful. The biogeographic history and dispersal and colonization charac-
teristics of garden species determine the community composition of individual
hanging gardens.

Groundwater Sapping and Garden Geomorphology

Sapping occurs where groundwater exits as a seep—not as a spring or point
source. At the seep line, water that has moved through the aquifer formation
encounters an impermeable layer that prevents its continued downward move-
ment. The impermeable layer, or aquitard, may be the contact with the underlying
formation or a stratigraphic facies of lower permeability within the aquifer
formation or simply a lense or lamina of lower permeability within the aquifer. A
seep zone develops above the aquitard; the rock at the cliff face is virtually
water-saturated in this zone, and groundwater exits at a regular rate. Chemical
weathering of the aquifer rock occurs in the seep zone, dissolving the cement that
consolidates the material. Mechanical weathering—such as expansion by ice
formation in colder areas and the precipitation of salt crystals whose growth further
deconsolidates aquifer rock—also occurs in the seep zone. The loosened material
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falls away from the weathering face. The cliffward erosion of rock at the seep line
creates overhead protection for as long as the overhanging rock remains in place,
and a concave-headward geometry develops on the strike axis of the seep.
Gravity-deposited material, or colluvium, accumulates where slope beneath the
seep line is less than the angle of repose of the colluvium and where it is sufficiently
protected overhead from precipitation and erosion by fluvial processes.

Seep delivery ensures that water cycles through the garden habitat at a
relatively slow rate. Discharge rate is a product of the hydraulic head or pressure
of the groundwater at the air—rock interface, the number of seep lines in the seep
zone, and the number of secondary seep lines at the site. Beyond a certain discharge
rate—the fluvial threshold—water is lost to runoff and may support riparian habitat
on alluvial soils beneath the garden.

The absence of significant fluvial processes means that most of the moisture
available to garden vegetation moves to root systems laterally and upward by
capillary action rather than downward by precipitation. Whereas precipitation and
surface water flow are not themselves detrimental to vegetation, they erode the
colluvial soil in which garden vegetation takes root.

Hanging-garden Microhabitats

We use microhabitat to distinguish specific kinds of places within gardens
from the whole hanging-garden habitat. We identify three microhabitats that may
exist singly or multiply within hanging gardens: seep-line, wet-wall, and collu-
vial-soil. The colluvial-soil microhabitat is further divided for increased precision
into soil slope and soil ledge in measuring canopy coverage and describing the
vascular community. We do not, however, employ the distinction in this paper.

Seep-line Microhabitat

The seep line is the fundamental microhabitat of a hanging garden—seep
occupied by garden species is defined as a garden, regardless of size or the presence
of other microhabitats. Drainages where groundwater sapping is the primary agent
of erosion may contain a large number of individual seep-line gardens. Where
these are stacked vertically at one site, we identify one garden with a primary seep
and one or more secondary seeps. Where the seep-line microhabitat exists without
the other microhabitats, discharge is relatively low, colluvium does not support
garden vegetation, and there is insufficient water to maintain a wet-wall micro-
habitat. Vascular plants root directly in the seep zone. Vegetation uses all water
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that is not lost to evaporation. Garden species that can tolerate the driest condi-
tions—~Petrophytum caespitosum, for example—tend to occupy seep-line gardens
with low discharge.

Where discharge rates are higher, the seep-line is but one of the two or three
microhabitats present. In these instances, garden species that are also found on
colluvial soil and the wet wall occupy the seep-line microhabitat, and the transition
into the colluvial-soil microhabitat can be continuous and without a distinct edge.

The seep-line microhabitat is linear. Some overhead protection, if only
centimeters deep, is associated with headward erosion by sapping. Orientation of
primary seep lines is generally horizontal, though they may exist at any angle—
including the vertical—when water movement through joints of the aquifer
sandstone is slow (i.e., not greater than the fluvial threshold). In eolian sandstone
aquifers like the Navajo and Entrada formations, the high-angle cross-bedding of
ancient dunes creates planes of differential permeability that can perch water long
enough for its exit as a seep. In these situations, garden vegetation occupies seeps
whose geometry mimics the slip-face angle of the original sand dune.

Wet-wall Microhabitat

Where there is sufficient discharge, water flows slowly across bare rock at
slopes too steep for the accumulation of colluvium. This is the wet-wall micro-
habitat, best exemplified by the giant weeping walls in Zion Canyon. The wet-wall
microhabitat supports the clinging vascular plants commonly associated with the
name and notion of a hanging garden as well as algal and bacterial colonies and
bryophytes. Vegetation roots directly in rock fractures or on small clumps of
colluvium that accumulate on the irregular wet-wall face.

The wet wall is a zone of active weathering of parent aquifer rock and,
because it is sparsely colonized, the erosional process of sapping is most visible
here. Wet walls exhibit a continuum of the weathering cycle from well indurated
rock (i.e., fresh shear surfaces) to unconsolidated sand that is saturated to depths
of several centimeters. Unconsolidated material is held at the face of the wet wall
by a gelatinous slime of colonial cyanobacteria. This mass eventually sloughs off
with increased weight and becomes part of the colluvial sediment below the seep
zone, leaving a fresh shear face on the wet wall. Mineral precipitates and evaporites
are common at the air-rock interface of the wet wall, especially on gardens whose
aquifer recharge area includes overlying limestones. Groundwater picks up addi-
tional mineral compounds that are not degraded before reaching the rock—air
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interface. Much of what Welsh (1989) describes as rufa precipitates, however, are
neither chemical precipitates nor evaporites. Rather, they are a dried crust made
up of the sand—cyanobacterial combination described above. These crusts can be
quite extensive on some gardens, especially in Zion where the wet-wall micro-
habitat is common. Broken apart, the alternating substrate and bacterial laminae
give the appearance of stromatolite. This crust is abrasive when dry, as is travertine.
Though this is a property of its sand content, it probably partly led to the
misinterpretation that it is a precipitate.

Wet walls are usually close to vertical in orientation and frequently are
super-vertical with either parallel concave or convex geometry relative to the cliff
face as a function of site-specific structure. Clinging species are able to take root
even on the underside of a garden roof, providing the seep zone continues
overhead. Wet-wall microhabitat may also exist at substantially lower slopes
though, when approaching the horizontal, water tends to flow faster, and fewer
plants are able to take root. This microhabitat is subject to perturbation by ice shear
in some areas.

Colluvial-soil Microhabitat

The colluvial-soil microhabitat supports both the greatest abundance and
the greatest diversity of hanging-garden vascular species (Stanton et al. 1992a).
Soil development on colluvium results from direct weathering of parent material.
Colluvial soils in the protective geometry of hanging gardens are moistened by
lateral and upward wicking of seep-delivered water. A drip line from overhanging
rock is a slow, steady supply in most instances and does not result in significant
erosion.

Species found on the seep line and wet wall also colonize the colluvial-soil
microhabitat, with the exception of the least mesophytic (e.g., P. caespitosum).
Additional forbs, grasses, sedges, and woody species colonize colluvial soil and
increase the diversity of gardens with this microhabitat. Those xerophytic and
riparian species that are able to colonize hanging gardens usually do so at the
corresponding edges of colluvial-soil vegetation patches. Edges with transitional
species are defined at either the point at which colluvium is no longer moist (in
the instance of a xeric edge) or where alluvial sediments begin and colluvial
sediments end (in the instance of a riparian edge).

The geometry of the colluvial-soil microhabitat may be triangular or tabular
(i.e., quadrilateral), depending on the structure of the aquifer formation. Gardens






