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Dear Dr. Sudol:

The Foundation for Environmental and Economic Progress (FEEP) recently became aware of
the availability of the U.S. Army Corps of Engineers, Los Angeles District’s Draft Arid West
Regional Supplement to the 1987 Wetland Delineation Manual (Draft Supplement). The
comment period currently ends November 3, 2005. FEEP respectfully requests that the
comment period be extended to December 20, 2005 to provide time for a thorough review of
the 105-page Draft Supplement and preparation of comments.
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October 20, 2005
Our File Number: 0100-092105

VIA FEDEX AND E-MAIL

Ms. Katherine Trott

U.S. Ammy Corps of Engineers - Regulatory
HQUSACE - Attn: CECW-LRD

441 G Street, NW

Washington, DC 20314-1000
1987Manual@usace.army.mil

Re: Request for Extension of Comment Period on the Regional Supplement to
the Corps of Engineers Wetland Delineation Manual: Arid West Region

Dear Ms. Trott:

This firm represents the California Building Industry Association ("CBIA") and a
coalition of homebuilders ("Homebuilders"). CBIA and the Homebuilders have engaged three of
the leading firms for wetlands delineations in California—Gibson & Skordal LLC, Glenn Lukos
Associates, and WRA, Inc.—to review the draft Regional Supplement to the Corps of Engineers
Wetland Delineation Manual: Arid West Region ("Draft Supplement"). The comment period for
the Draft Supplement is currently scheduled to end on November 3, 2005, and we write on behalf
of CBIA and the Homebuilders to request an extension of the comment period.

The Corps has stated that the effect of the Draft Supplement on wetland
delineations is intended to be neutral, but CBIA and the Homebuilders believe its application
could significantly expand the extent and nature of areas delineated as wetlands. Any expansion
of areas identified as wetlands has enormous economic implications for the regulated community
Given the controversy surrounding the abandoned 1989 Wetland Delineation Manual on exactly
this issue of expanding wetlands areas through changes in a technical manual, we believe it is
important that the process for updating the 1987 Wetland Delineation Manual be open and
transparent, grounded in sound science and fully understood. We will submit extensive
comments on the technical issues in a subsequent letter, but we have grave concerns about the
adequacy of the comment period for reviewing the Draft Supplement:

. A number of new indicators have been described for wetland hydrology; however,
the Corps has not identified the scientific references or quantitative analyses to
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substantiate why these indicators have been selected. In order to determine
whether or not these indicators are truly indicative of wetland hydrology and to
what extent they are found in wetlands and in uplands, a more thorough
calibration with observed hydrology needs to be conducted. The current comment
period does not allow for this testing to occur.

The Draft Supplement proposes new indicators for hydric soils directly derived
from the NRCS's "Field Indicators of Hydric Soils in the United States". The
Corps' current policy precluded using these indicators other than as collaborative
information. "Developing a Regionalized Version of the Corps of Engineers
Wetland Delineation Manual: Issues and Recommendations" cites numerous
issues relative to including these indicators within Regional Manuals. Absent a
sound scientific basis for including these indicators, they must be evaluated in a
broad range of sites in order to determine validity and whether their addition to
the Draft Regional Guide is, in fact, neutral. This cannot be reasonably
accomplished in the specified comment period.

The Draft Supplement proposes a new hydrology criterion that has not been tested
against jurisdictional delineations verified under the 1987 Wetland Delineation
Manual. The commenting period does not include the appropriate time of year to
measure wetland hydrology and to determine whether or not this new hydrology
standard is "neutral" in its effect on the extent of jurisdictional wetlands. In
addition, the new hydrology standard proposes new methods for monitoring the
water table and/or inundation that need to be tested for their practicality and
accuracy.

The Draft Supplement comment period is during a time of year when hydrology
and wetland vegetation indicators are difficult to observe, at least in California's
Mediterranean climate. As a result, it will lead to incomplete analysis of these
indicators and make it difficult for the public to comment on their usefulness.

The period of time allowed for comment is insufficient to conduct meaningful
field tests. The field data sheets and the commenting sheets are lengthy and
complicated to fill out. In addition, gaining access to project sites can be time
consuming. Additional time is needed for the public to conduct the field testing.

The Corps has selected peer reviewers for the Draft Supplement. Those peer
review comments by technical experts are important to inform the public on the
potential problems with the proposed Draft Supplement. Without such technical
review, it is not possible for the public to provide useful comments in agreement
or disagreement with that technical review.
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We therefore ask the Corps (1) to extend the comment period until July 1, 2006 to
address these concerns and to provide sufficient time to review and provide technical comments
on the Draft Supplement; (2) to allow for additional field testing and comments after the growing
season; and (3) to hold regional hearings to give members of the public full and ample
opportunity to express their concerns with the proposed changes to wetlands delineation criteria
that would occur under the Draft Supplement.

Very truly yours,

M e

for SHEPPARD MULLIN RICHTER & HAMPTON LLP

WO02-SF:FRU61472411.1

cc: Mark Sudol, D. Env.
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October 20, 2005

Ms. Katherine Trott (CECW-LRD)
U.S. Army Corps of Engineers

441 G. Street, NW

Washington, DC 20314-1000

Re:  Announcement of Draft Arid West Regional Supplement to the 1987 Wetland
Delineation Manual
NMGF No. 10323

Dear Ms Trott,

In response to the Special Public Notice regarding the above referenced Announcement, the New
Mexico Department of Game and Fish (Department) would like to comment on several issues
vital to the delineation of wetlands in New Mexico. The Corps of Engineers has made significant
strides to deal with difficult wetland situations in the Arid West. The following comments are
based on a technical review of the Regional Supplement in order to provide information and
suggest changes to improve the document. General and page-specific comments are presented in
this letter. Methods referenced in this letter are presented in Appendix 1. Lang (2005), attached,
presents supporting evidence.

General Comments

1. The Department believes that the use of aquatic invertebrates as a diagnostic environmental
characteristic of wetlands in the arid West is a valid and overlooked tool. In the attached
document, Lang (2005) summarizes the evidence for their use as wetland indicators and
diagnostic environmental characteristics.

A. Branchiopoda as a wetland Diagnostic Environmental Characteristic: The scientific
literature is replete with descriptive studies and empirical data supporting the argument posed
by Lang (2005) here that aquatic invertebrates should be considered as a Diagnostic
environmental characteristic along with hydric soils, hydrophytes, and hydrology. Among
these taxa, the Branchiopoda (orders Anostraca, Notostraca, Laevicaudata, Diplostraca)
epitomize obligate wetland species that are particularly indicative of temporary wetlands and
waters nationwide. Their presence in ephemeral pools can be detected easily as free-
swimming organisms in the wet phase and as cysts during the dry phase (see Appendix 1).
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Due to their ubiquitous distribution throughout the United States (albeit sporadic across the
landscape), the inclusion of these particular taxa as a Diagnostic environmental
characteristic can serve as a reliable wetland indicator that would compliment well the
traditionally used three factor approach for wetland identification. The application of this
approach is not limited to “Problem Area wetlands” and “Atypical Situations” in the Arid
West, but is applicable to other regional supplements as well. Moreover, where any life stage
of large branchiopod crustaceans is detected in the absence of any one of the three accepted
wetland characters (hydric soils, hydrophytes, hydrology), techrical guidance documents (the
Supplement and Manual) could even consider these crustaceans as a stand-alone wetland
Diagnostic environmental characteristic, as the CE has indicated is acceptable in limited
instances identified in the Manual*. The reliability of large branchiopod crustaceans as a
diagnostic wetland characteristic can be reinforced by using indicators of Ordinary High
Water Mark (OHWM), as is advocated in the Supplement for playas (see p. 81, 5e.), or by
other criteria in Chapter 4 (Wetland Hydrology Indicators, Group B and Group C), Chapter 5
(Problematic Hydrophytic Vegetation, Problematic Hydric Soils [ Seasonally Ponded Soils;
soils ponded or saturated for >14 consecutive days; Supplement, P. 87]), Brostoff et al.
(2001), and Lichvar et al. (2004).

(*Branchiopod crustaceans occur commonly in temporary waters of human-created
depressions [e.g., roadside pools and ditches, 2-track tire ruts, dirt tanks, water catchments].
Use caution in such areas where life stages of these crustaceans may occur in man-made
wetlands.)

B. Other invertebrates as a wetland Diagnostic Environmental Characteristic: Additional
taxa of invertebrates may merit consideration as indicators of a wetland Diagnostic
environmental characteristic for temporary vzaters. However, the designation of such
species will require expertise of scientists from regions throughout the United States, who are
familiar with the autecology and synecology of taxa in these diverse groups and seasonal
habitats. It is recommend that the CE and EPA convene a panel of invertebrate experts to:
(a) determine additional invertebrate species that should be considered as candidates for
inclusion as a wetland Diagnostic environmental characteristic for temporary waters; (b)
categorize these taxa according to their wetland indicator status (e.g., OBL, FACW, FAC; or
some variant thereof); and (c) develop a reference list for technical guidance. A similar
approach has been employed by the CE for hydrophytic plants and hydric soils.

C. Using Aquatic Invertebrates to Identify and Delineate Temporary Pool Wetlands:
Research in the Prairie Pothole Region (PPR) has demonstrated that remains of invertebrates
can be used to identify (Euliss et al. 2001) and delineate (Euliss et al. 2002) temporary pool
wetlands, even when they are dry or intensively farmed, including wet areas that are often
difficult to identify as wetlands using the standard criteria (i.e., hydric soils, hydrophytes,
hydrology). Since invertebrate remains are deposited relative to maximum pool elevation in
any given wet season, “invertebrate delineations” are considered less variable than among
standard delineations based on hydric soils or hydrophytes (Euliss et al. 2002). Wetland dry
phase sampling methods described by Euliss et al. (2001) for use in the PPR are cost-
effective, and are advocated here to assess their application in “Problem Area wetlands” and
“Atypical Situations” in the Arid West.

D. Jurisdictional Wetland Definition: Whether a wetland is considered jurisdictional by
statute enacted through policy and regulation, or an ecological wetland based on biotic
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components, abiotic factors and geomorphic setting, is secondary to the fact that both plants
and animals occur in wetlands and waters of the United States. The federal definition of a
wetland (i.e., “a prevalence of vegetation typically adapted for life in saturated soil
conditions”) is antiquated and does not incorporate current knowledge of the ecological role
of invertebrates in wetlands. This definition excludes not only aquatic animal taxa typically
adapted for life in saturated and unsaturated soil conditions, but as a result of the SWANCC
decision, it now may be interpreted to exclude many isolated, non-navigable, intrastate
waters that do not have a “significant nexus” or are not “adjacent” to other waters of the US.
The concept that temporary waters (ephemeral pools and intermittent streams) in
geographically isolated basins constrain their faunas (i.e., broad interpretation of the
“Migratory Bird Rule”, SWANCC) is exposed in the literature as being based on human
perception with disregard for ecological functions and values of waters that are intrastate,
non-navigable, and not tied to interstate commerce.

E. Contrary to the SWANCC decision that was based primarily on the “Migratory Bird Rule”,
plant and animal taxa characteristic of wetlands and water of the United States, just like
water and water pollution that flows downhill to “adjacent” wetlands and “navigable waters”,
are biotic elements shared with geographically isolated wetlands and waters. It is
acknowledged here that delineation of these waters in non-tidal areas is based on OHWM
indicators, which is beyond the scope of the Arid West Supplement. Notwithstanding, at
some point in the future it would behoove federal regulatory authorities to consider
redefining the definition of a jurisdictional wetland (also beyond the scope of the
Supplement) to include animal taxa as another key wetland feature. Such an operational
definition could be: “The CE and the EPA jointly define wetlands as: Those areas that are
inundated or saturated by surface or ground water at a frequency and duration sufficient to
support, and that under normal circumstances do support, a prevalence of vegetation
typically adapted for life in saturated soils, and a prevalence of animals typically adapted for
life in saturated and unsaturated soils. Wetlands generally include...”

2. Since global warming is likely to reduce the duration and extent of hydrological saturation or
inundation of wetlands, delineation manuals need to account for anticipated changes in
hydrologic conditions and vegetation so that such habitats continue to receive protection. As
water availability diminishes, reduced hydrologic support for hydrophytic vegetation will
probably result in changes in plant composition to more drier site species, and currently-used
indicators (e.g., OBL, FAC-wet) may no longer be able to identify these modified wetlands.
Such wetlands in transition are still vital habitats that warrant protection. Being able to delineate
these modified wetlands will likely require modified criteria that account for less hydrology (i.e.,
reduced water availability), fewer obligate wetland and facultative wet plant species, and
possibly reduced development of hydric soil conditions in the long term. Such a transitional
situation exists in arroyo riparian habitats in New Mexico. Perhaps those wetland types that are
influenced by climatic fluctuations, including vernal pools, grassy playas, seeps, and springs,
should be put in a special category with criteria that account for modified hydrology and
vegetation. Under the current manual and supplement, such situations would probably fall under
Problem Area wetlands or Atypical Situations.

Arroyo riparian habitats have been described in New Mexico, and plant community
classifications for these habitats have been developed based on plant species presence.
Analogous classifications could be developed for wetland types that are influenced by climatic
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fluctuations, including vernal pools, grassy playas, seeps, and springs, where the existing
delineation criteria no longer id=ntify them as important wetland habitats. The intent of
developing modified delineation criteria is to recognize and protect transitional wetlands with
aquatic habitat value during their natural succession to upland, terrestrial habitats. Since global
warming is expected to last for at least a century even under the most optimistic scenarios of
greenhouse gas emission reductions, natural succession of wetlands to uplands will last for the
foreseeable future.

Climate change, particularly global warming, is expected to modify plant phenology regardless
of changes in wetland plant community composition. As air temperatures, then soil
temperatures, increase, use of long-term records gathered at National Weather Service
meteorological stations will give misleading data regarding actual air temperatures.

3. The linkage between indicators of Ordinary High Water Mark (OHWM) and wetland
hydrology need to be identified and recognized as part of the wetland delineation process for the
arid West. Delineation of ephemeral wetlands and those wetlands that only experience

occasional inundation sufficient to support hydrophytic vegetation can benefit from use of
OHWM indicators.

Page-specific Comments

Page 6, first full sentence: The NMED (2000) also estimated wetland land surface area in New
Mexico as less than one percent.

Page 47, F.9 Vernal Pools: In ecological literature, the term “vernal pools™ has been used -
historically in reference to seasonal or temporary pools that fill during the spring (Wiggins et al.
1980; see also definition of “vernal™), and more recently in reference to similar habitats in
California (see Witham 1998, Eriksen and Belk 1999). Depending on geographical perspective,
temporary pools have been given a plethora of names (e.g., prairie potholes, playa lakes, salt
lakes, alkali flats, pocosins; see Tiner et al. 2002, Tiner 2003). Recommend changing the term
“Vemnal Pools” to either “Seasonal Pools” or “Temporary Pools.” It is further recommended that
federal authorities develop regional lists that standardize and characterize the use of “scientific”
and colloquial names for temporary waters (i.e., ephemeral pools) in all Regional Supplements.

Page 49, Chapter 4—Wetland Hydrology Indicators, Introduction, first paragraph, last
sentence: Based on the argument above, we suggest adding the term “aquatic invertebrates” or
“invertebrates™ (possibly “macroinvertebrates™) as a wetland hydrology indicator (i.e.,
“Therefore, to the extent possible, wetland hydrology indicators are evidence of ongoing or
recent flooding, ponding, or soil saturation or provide other evidence that hydric soils (insert
comma) and hydrophytic vegetation (insert: “, and invertebrates™) reflect contemporary site
conditions.”)

Page 50, Wetland Hydrology Indicators, first paragraph, second sentence: Again, based on
presentation of scientific evidence in Lang (2005; attached) and General Comments 1.A-C
above, recommend the following change. “Indicators in Group A are based on direct observation
of the surface water or groundwater during a site visit (add: “, or direct observation of free-
swimming or crawling invertebrates, crustacean cysts, insect eggs and head capsules, or early
insect life stages (larvae, pupae, nymphs).”
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Page 51, Table 4.1: Suggest adding invertebrates as a Group A Indicator.

Page 61, Indicator: Bl11—Aquatic invertebrates: A general comment here is that insects
produce eggs, oviparous crustaceans produce cysts, and “dead eggs” will likely not be found (a
dead embryo decomposes rapidly). Suggest rewording first sentence under “General
Description:” to read, more or less, as: “Presence of live individuals, diapausing insect eggs or
crustacean cysts, dead remains (e.g., snail shells, clam valves, chitinous exoskeletons, insect
head capsules) of aquatic invertebrates, such as snails, clams, insects, ostracods, and other
crustaceans on the soil surface.” See Photo A and Photo B below.

Cautions and User Notes, second sentence: Some general comments here merit
discussion. Exoskeletons of branchiopod crustaceans (clam shrimp, tadpole shrimp) will
persist on the dried soil surface for of a temporary pool. As such, their presence is a reliable
indicator of recent inundation. Cysts of branchiopod crustaceans will persist in the upper 1-
2 centimeters of dried temporary pool sediments or deeper in mud cracks characteristic of
Vertisol soils of temporary pools. The cyst bank remains viable for decades, and represents
the propagules of the next generation lying “dormant™ in wait of environmental stimuli
(water, specific hydrochemical conditions) that will trigger a hatch. Accordingly, the cyst
bank is reliable indicator of wetland hydrology, identification, and delineation.

Cysts of large branchiopods are morphologically distinct and generally much larger (200-
350u dia.) than those of other crustaceans (e.g. cladoceran, ostracods, copepods). Collection
methods to determine the presence of large branchiopod crustaceans in temporary pool
sediments are described in Appendix 1.

Photo A: Carapaces of tadpole shrimp (Triops sp.) and clam shrimp (Leptestheria
compleximanus) in dried sediments of an ephemeral pool. Photo: Brian Lang.
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Photo B: Clam shrimp carapaces in dried ephemeral pool sediment. Photo: Marty Frentzel.

Page 79: Problematic Hydrophytic Vegetation: Indicators of wetland hydrology can properly
include OHWM and use methods developed for arid playas (e.g., Lichvar et al. 2004). In the
future under global warming and climate change, precipitation may not result in a “normal
rainfall year”. References to conditions under “normal years” may no longer be useful.

Pages 91-95, Wetlands that Periodically Lack Indicators of Wetland Hydrology: The
presence of branchiopod cysts is a reliable indicator of wetland hydrology. Suggest adding this
criterion under Procedure 3, pp. 92-95. Sampling methods are described in Appendix 1.

Pages 92-93: Precipitation patterns will probably change as a result of future climate
change, and relying on 30-year weather records to determine “whether precipitation was normal”
may no longer apply. This supplement should develop methods to account for long-term
changes in precipitation patterns and water availability.

Pages 93-94: Predictions of the impacts of global warming on New Mexico include
warmer winters, less snowpack, earlier snowmelt, and reduced springtime water availability.
Such changes may result in the long-term absence of wetland hydrology indicators and shifts in
the wetland plant community. As stated above, being able to delineate these modified wetlands
will likely require modified criteria that account for less hydrology, fewer obligate wetland and
facultative wet plant species, and possibly reduced development of hydric soil conditions in the
long term.

Page 95: The Corps standard for monitoring frequency of hydrology indicators that uses
a minimum frequency of 5 years in 10 (at least 50% probability) is not likely to be met in the
future due to reduced water availability under global warming and climate change.

Thank you for the opportunity to review the Draft Arid West Regional Supplement. If you have any
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questions, please contact Randy Floyd at (505) 476-8091 or by email at randy.floyd@state.nm.us or
Brian Lang at (505) 476-8108 or by email at brian.lang@state.nm.us .

Sincerely,

L 8.0

Lisa Kirkpatrick, Chief
Conservation Services Division

LK/rlf

xc:  Brian Gleadle, NW Area Operations Chief
Steve Anderson, NW Area Habitat Specialist
Luis Rios, SW Area Operations Chief, NMGF
Kevin Rodden, SW Area Habitat Specialist (Gila)
Pat Mathis, SW Area Habitat Specialist
Roy Hayes, SE Area Operations Chief
George Farmer, SE Area Habitat Specialist, NMGF
Lief Ahlm, NE Area Operations Chief
Scott Draney, NE Area Habitat Specialist
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Appendix 1. Field methods to collect and identify large branchiopod crustaceans in
ephemeral pools under wet and dry periods.

In addition to the methods below, the USFWS has posted Interim Survey Guidelines for
sampling procedures of vernal pool branchiopods (see http://www.fws.gov/ventura/es/protocols html).

Wet Phase Sampling

1. Usinga 25 cm? aquarium net (loose weave), sample all pool depths while rapidly sweeping
the net side-to-side, occasionally reversing direction 180°. Large branchiopod crustaceans,
especially fairy shrimp and tadpole shrimp, are acutely sensitive to slight changes in hydrostatic
pressure, and will swim away from the wake produced while sampling. Reversing direction can
result in higher catch rates, since the tail of the wake often induces flow behind the sampler,
passively carrying shrimp into the trailing wake.

Sample effort should not only focus on open water habitat, but also include samples from in-pool
debris around vegetation, rocks, submerged logs, or any surface that reflects light, such as trash
(e.g. refrigerators, plastic bottles, cans, etc.). On hot sunny days of summer, these crustaceans
may congregate in deeper holes and pockets within the basin where water temperatures will be
cooler than in shallower habitats.

Sampling effort should focus on the collection of male fairy shrimp since most species-specific
keys are based on diagnostic male antennal characters. References for identification are listed
below.

2. Preserve specimens in 95% ethanol (undenatured). Within 16-24 hours after initial
preservation, decant used ethanol and replace with fresh ethanol. Avoid preserving algae with
voucher material. Snap-seal™ vials (300 ml; Corning No. 1730) are particularly suited for
sampling and can be reused.

Dry Phase Sampling

1. Evidence of a pool hydroperiod of sufficient duration for large branchiopods to complete
their life cycle is usually noted by cracked mud surfaces and sediment layering. Cysts of large
branchiopods commonly reside with the upper 1-2 cm of dried pool sediments.

Using a mason’s hand trowel (preferred) or flat-blade shovel, collect soil samples (upper 1-2 cm
of soil horizon) randomly throughout the pool basin, as may be indicated by a recent high water
mark, cracked mud, or drift line of biotic crust or floating debris. Particularly optimal areas for
collecting cysts are small depressions or deep fissures (characteristic of vertisol hydric soils)
within the pool basin where gravid, moribund female shrimp congregate during the waning phase
of inundation (see photos p. 20 of this document).



2. Place soil sample (ca. 500-1000 ml) in a gallon zip-lock bag. If soil samples are slightly
moist, then it is imperative the material is air dried soon after collection to prevent
bacterial/fungal decay of cysts. Cysts are concentrated from the soil sample by sieving through a
0.5 mm mesh screen. Identification of cysts to species level using a stereozoom dissecting scope
is possible for the anostracan genera Eubrancipus and a few Branchinecta. Most Eulimnadia
clam shrimp can be identified to species level as well. Otherwise generic level identifications are
feasible for the all other fairy shrimp (Anostraca), clam shrimp (Laevicaudata, Diplostraca), and
tadpole shrimp (notostracan). References for identification are listed below.

3. Species-specific identifications are also possible by rehydrating cysts and rearing neonates to
adults in aquaria. Requisites for successful incubation include aeration, light (12-hr. cycle),
phytoplankton, and most critical, emulating the physicochemical environment of the source pool.
This is particularly true for species with habitat affinities for saline and alkaline waters. For
incubation methods see Wiggins et al. (1980), Euliss et al. (2001), and Weeks et al. (1997).

References for Large Branchiopod Cyst Identification
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Introduction

Indicators and procedures given in the Draft Arid West Regional Supplement
(Supplement; USACE 2005) are designed to identify wetlands, as defined jointly by the
Corps of Engineers (CE; Federal Register 1982) and Environmental Protection Agency
(EPA; Federal Register 1980), for planning, inventory, management plans, and regulatory
programs. While the determination that a wetland is subject to regulatory jurisdiction
under Section 404 of the Clean Water Act (CWA) must be made independently of
procedures described in this Supplement, the task of determining such authority invokes
wetland identification based on the definition of a wetland and technical guidance
established in the 1987 Corps of Engineers Wetlands Delineation Manual (Manual).

Both the Supplement and the Manual are inherently tied to a regulatory process involving
wetland determination based on identity, delineation and definition; thus, addressing one
of these topics (wetland identification) alone would seem out of context with important
issues related to the intent of the CWA to protect and restore the chemical, physical and
biological integrity of the Nation’s waters.

By considering only one key feature in the definition of a jurisdictional wetland,
i.e., “a prevalence of vegetation typically adapted for life in saturated soil conditions”
(USACE 1987), the regulatory framework fails to recognize that fauna, specifically
aquatic invertebrates, are significant biotic organisms of waters of the United States that
can be used to identify, delineate, and define a jurisdictional wetland. The Supplement
(USACE 2005) has made laudable efforts to include invertebrates as an indicator of
wetland Hydrology; their usefulness in delineating wetlands and waters of the United
States, however, extends well beyond this basic level of consideration.

Aquatic invertebrates, like the other biotic component of an ecological wetland,
i.e., Vegetation, are inextricably linked to wetland hydrology, soils, and vegetation—the
three Diagnostic environmental characteristics currently used to identify and delineate a
wetland (USACE 1987). While these characters can collectively or individually (under
certain circumstance) identify a jurisdictional wetland, aquatic invertebrates until recently
(Brostoff et al. 2001, Euliss et al. 2001, 2002; USACE 2005) have simply been ignored,



not only in regulations, policies and guidelines set forth by the CE and EPA that
promulgate federal authority over waters of the United States, but also in language of the
Clean Water Act (CWA) per se.

The New Mexico Department of Game and Fish (NMDGF) recommends that
federal regulatory authorities (CE, EPA) strengthen language of the Supplement referring
to invertebrates as indicators of wetland Hydrology, and also consider aquatic
invertebrates as a fourth Diagnostic environmental character to identify, delineate, and
define jurisdictional wetlands. Although these recommendations are particularly
germane to the Arid West, where there occur an abundance of “Problem Area wetlands”
and “Atypical Situations”, such as ephemeral pools (playa lakes, alkali flats, salt basins
[lakes and flats], vernal pools, rock pools, karst sinks, erosional depressions, etc.), and
lotic waters (ephemeral streams [arroyos, washes), intermittent streams, perennial
streams) in geographically isolated basins, it is demonstrated here that similar areas occur
throughout the United States. Accordingly, information presented in this review is
applicable to other regions of the country.

Background

Following the 2001 U. S. Supreme Court decision in Solid Waste Agency of
Northern Cook County v. U. S. Army Corps of Engineers (SWANCC), agency regulatory
staff (federal, state, and tribal) have been faced with a variety of intertwined legal and
factual issues regarding whether particular waters of the United States are jurisdictional
under the CWA (Kusler 2005). Wetland scientists responded to SWANCC with an out-
pouring of papers in the professional journal Wetlands (Volume 23, Number 3,
September 2003) that compile and make available scientific information for post-
SWANCC policy development. Several states (Wisconsin, Indiana, Ohio) reacted to
SWANCC by adopting legislation that requires a state permit if a wetland is not regulated
by the CE, and others (New York, Iilinois, Connecticut, North Carolina, South Carolina)
are considering similar wetland legislation or administrative rule changes (Christie and
Hausmann 2003).

Parenteau (2005) details a number of legal scenarios where questionable
interpretations of SWANCC have resulted in “bad calls”, some of which pertain to the
Arid West region, including New Mexico. The apparent lack of CWA protection to
intrastate, non-navigable waters in New Mexico prompted the NMDGF (2005) to
consider wetlands (ephemeral pools, intermittent streams) in geographically isolated
basins among the most threatened type of aquatic habitats in the state.

Recently, ecologists have defined isolated wetlands based on landscape setting by
recognizing patterns of smaller wetland patches contained within a larger upland matrix
(Leibowitz 2003). These wetlands have been variously described as “rare and highly
dispersed habitats”, “highly disjunct”, “islands in a terrestrial landscape”, and “not
adjacent to another body of water” (see references in Leibowitz and Nadeau 2003). Tiner
(2003) defined “geographically isolated wetlands” as “wetlands that are completely
surrounded by upland (i.e., terrestrial plant communities or undrained hydric soils
surrounded by non-hydric soils...).” While Tiner’s definition avoids the need to
characterize difficult-to-assess hydrologic or ecologic processes in the field, and appears



recommended as a practical operational approach (Leibowitz 2003), this definition is
likewise partially implicit with the CE’s three parameter approach for identifying and
delineating a wetland, at least in terms of hydric soils and vegetation. As recognized in
the Supplement (Chapter 5), “Problem Area wetlands” and “Atypical Situations” exist in
naturally occurring wetland types that periodically lack the three commonly used wetland
indicators. Aquatic invertebrates can fill this gap by serving, not only as a reliable
indicator of wetland Hydrology, but also as a wetland Diagnostic environmental
character.

Whereas most wetland ecologists would agree that there is no such thing as an
isolated wetland (i.e., “everything is connected to everything else”; Tiner 2003), perhaps
the term “isolation is best understood with respect to a specific process or organism
[emphasis added] and not a generic property of a wetland.” (Leibowitz 2003). From this
perspective and in the context of this paper, a specific process refers to the interaction of
hydrology and biotic expressions within the wetland isolation—connectivity continuum
and an “organism” is considered a plant(s) or animal(s).

Invertebrates of Temporary Waters

Aquatic invertebrates of New Mexico, known to inhabit temporary wetlands and
waters of geographically isolated basins, include diverse taxonomic groups in the
Turberllaria, Annelida (Oligochaeta, Hirundinea), Hydracarina, Mollusca, Crustacea, and
Insecta (Appendix1). This list (modified here) was developed by the New Mexico
Department of Game and Fish (2003) in response to the federal proposed rulemaking on
the Clean Water Act Definition of “Waters of the United States (Federal Register 2003).
Its reference here is not intended as either an exhaustive faunal annotation for New
Mexico, or as a representative listing for other states; rather, the list serves as a template
for the consideration of animal taxa as a reliable wetland character. Notwithstanding, this -
taxonomic compilation is based on published faunal accounts (Sublette and Sublette
1967; Belk 1975; Cole et al. 1996; Metcalf and Smartt 1997; Jacobi et al. 2005, see
references therein; Rogers et al. In Review), agency reports (Davis and Hopkins 1993;
Davis et al. 1996a, 1996b; Lang and Rogers 2002), consultations with professional
invertebrate biologists (university faculty, consultants, agency staff), and the author’s
knowledge and experience with mollusks and crustaceans of wetland habitats throughout
New Mexico.

Similar faunal accounts of aquatic invertebrates that occur in isolated temporary
wetlands and waters (ephemeral pools and intermittent streams) throughout the United
States are published for: Californian vernal pools (Witham 1998, references therein;
Eriksen and Belk 1999) and intermittent streams (Usinger 1956, Abell 1984); ephemeral
pools (Belk 1977, 1992) and intermittent streams (Boulton et al. 1992, Clinton et al.
1996) in Arizona; playas of the Southern High Plains (Hall et al. 2004); intermittent
streams in Texas (Snellen and Stewart 1979), Oklahoma (Miller and Golladay 1996) and
Alabama (Feminella 1996); and ephemeral pools in Wisconsin (Schneider and Frost
1996). Comparisons of intra- and inter-continental patterns of invertebrate diversity in
temporary waters can be found in Williams and Hynes (976, 1977), Wiggins et al.
(1980), Williams (1983, 1987, 1996, 1997), and Batzner et al. (2005). A global



perspective of the viodivers'ty of animal species in freshwaters is summezrized in Leveque
et al. (2005).

Adaptations to Life in Temporary Waters

“...we consider true ‘freshwater’ species [animals] to be those that
complete part or all of their life cycle in ‘freshwater’, and water-dependent
species those that need ‘freshwater’ for food or that permanently use
‘freshwater’ habitats.” Leveque et al. (2005).

Faunal studies of temporary waters worldwide document the occurrence of
invertebrate taxa with specific attributes that allow them to exploit seasonal habitats
exclusively, or both permanent and temporary waters to complete various life history
stages. A variable hydrologic regime selectively favors invertebrate assemblages
dominated by habitat specialists (“extremophiles”, Leibowitz and Nadeau 2003).
Invertebrates occurring in temporary waters of geographically isolated wetlands have
adopted diverse ecological strategies (physical, physiological, behavioral, life history)
that support evolutionary evidence of adaptations to cope with harsh physicochemical
environments of predictable and stochastic wet-dry periods (Wiggins et al. 1980;
Williams 1987, 1997, 1996; Collinson et al. 1995; Eriksen and Belk 1999). The survival
of invertebrates in temporary waters is constrained ecologically by physicochemical
processes, life history characteristics, and biotic interactions; however, the relative
importance of these constraints depends largely on habitat (hydroperiod) duration
(Wiggins et al. 1980; Williams 1996, 1997; Schneider and Frost 1996). The three
primary evolved strategies by which aquatic invertebrates survive in temporary waters
are physiological tolerance, life history adaptation, and migration (Williams and Hynes
1976, 1977; Wiggins et al. 1980; Williams 1997; Eriksen and Belk 1999).

Physiological Tolerance

Physiological tolerance in aquatic arthropods usually involves some form of
diapause, a cessation of normal development (optional, obligatory, or internally
controlled) during the life cycle of an organism in which most physiological processes
are suspended until initiated again in response to favorable external environmental
stimuli (wet phase). Depending on the species, diapause in insects inhabiting temporary
waters can occur at any life stage (as eggs, larvae, pupae, or adults). In general, egg
diapause may occur when oviposition places eggs in pool or stream benthic substrata,
where larvae break out of egg chorions but remain in a gelatinous egg-matrix within the
dried sediments until the stimulus of surface water is received (Wiggins 1977, Wiggins et
al. 1980, Stewart and Stark 2002). At more advanced ontogenetic stages (larva, pupa,
adult), diapause may result from direct loss of water from the organism’s body that is
encased in a protective cover. The animal thus becomes dormant when dehydrated, but
resumes growth when water is restored (Hinton 1960). Yet in other species (e.g., Aedes

continue (reviewed by Danks 1987). Such a mechanisra clearly appears to prevent
premature growth due to “false-positiv