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Abstract

This report represents a state-of-the-art synthesis of current knowledge of the ecology and
hydrology of ephemeral (dry washes) and intermittent streams in the American Southwest, and
may have important bearing on establishing nexusto traditional navigable waters (TNW) and
defining connectivity relative to the Clean Water Act. Ephemeral and intermittent streams make
up approximately 59% of all streamsin the United States (excluding Alaska), and over 81%in
the arid and semi-arid Southwest (Arizona, New Mexico, Nevada, Utah, Colorado and
California) according to the U.S. Geological Survey National Hydrography Dataset. They are
often the headwaters or major tributaries of perennia streams in the Southwest. This
comprehensive review of the present scientific understanding of the ecology and hydrology of
ephemeral and intermittent streams will help place them in awatershed context, thereby
highlighting their importance in maintaining water quality, overall watershed function or health,
and provisioning of the essential human and biological requirements of clean water. Ephemeral
and intermittent streams provide the same ecologica and hydrological functions as perennial
streams by moving water, nutrients, and sediment throughout the watershed. When functioning
properly, these streams provide landscape hydrol ogic connections; stream energy dissipation
during high-water flows to reduce erosion and improve water quality; surface and subsurface
water storage and exchange; ground-water recharge and discharge; sediment transport, storage,
and deposition to aid in floodplain maintenance and devel opment; nutrient storage and cycling;
wildlife habitat and migration corridors; support for vegetation communities to help stabilize
stream banks and provide wildlife services; and water supply and water-quality filtering. They
provide awide array of ecological functions including forage, cover, nesting, and movement
corridors for wildlife. Because of the relatively higher moisture content in arid and semi-arid
region streams, vegetation and wildlife abundance and diversity in and near them is
proportionally higher than in the surrounding uplands. In the rapidly developing southwest, land
management decisions must employ a watershed-scale approach that addresses overall watershed
function and water quality. Ephemeral and intermittent stream systems comprise a large portion
of southwestern watersheds, and contribute to the hydrological, biogeochemical, and ecological
health of awatershed. Given their importance and vast extent, it is concluded that an individual
ephemeral or intermittent stream segment should not be examined in isolation. Consideration of
the cumul ative impacts from anthropogenic uses on these streamsis critical in watershed-based
assessments and land management decisions to maintain overall watershed health and water
quality.
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woodland is restricted to ephemeral and intermittent streams, and therefore constitutes a
special type of xeroriparian habitat.

Figure 33. Graph of herpetofauna species by taxonomic group and by habitat type, from
BLM surveysin Arizona, 1977-1981 (Jones, 1988). “MR” represents Mixed Riparian
Scrub (xeroriparian) habitat type.

Rosen (2005), in hisreview of the herpetofauna of the 126-mile San Pedro River looked at the
riparian herpetofauna assemblages in three reaches of the river from the Mexican border to
the confluence with the GilaRiver. He looked at historic and current records and found a
large number of species that occurred in the lower (mainly ephemeral) reach of the river that
were not found in other reaches, although many species occurred in all reaches.

Baxter (1988) noted that in the Mojave Desert, washes are important habitat for the desert
tortoise (Gopherus agassizii) athough their burrows tended to be in the uplands. Because
desert washes contain a highly diverse plant community, they were probably important
foraging locations. McArthur and Sanderson (1992) studied plant associations in arroyos and
uplands in southeastern Utah in relation to use by desert tortoise. They found that the arroyos
with more shrubs and a rougher topography were good den sites and provided more succul ent
forage than uplands. In Arizona Upland Sonoran desertscrub, the desert tortoise is absent
from the valleys, and occurs only along major upper and middle bajada washes and on rock
slopes (Van Devender, 2002).
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Figure 34. Graph of lizard abundance by habitat type at Organ Pipe Cactus National
Monument, Arizona, 1989-1990 (from Rosen and L owe, 1996). MAXPEAK is maximum
peak value observed for all runsof transects within a habitat type at asite. SEP isthe
Sensitive Ecosystems Program.

Lowe (1985) discussed the obligate riparian turtle, snake, and amphibian speciesin riparian
ecosystems in southern Arizona and adjacent Sonora, Mexico, and their local population
extinctions. Many reptiles and amphibians depend on permanent springs, seeps, and
ephemeral streamsfor their survival. Although these species are widely distributed
throughout the region, their narrow ecological distributions and low densities make them
extremely vulnerable to habitat degradation. Impactsto water quality and quantity, such as
acid rain, ground-water pumping, and pollution, are the main threats.

Amphibians are not physiologically well adapted to dry desert conditions; however, they have
developed severa behavioral adaptations that allow them to survive there, including the
ability to avoid the heat and dryness by burrowing underground for extended periods. Species
that do not require permanent water may emerge from underground only after rainfall events
(e.g., Couch'’s spadefoot (Scaphiopus couchi)). Some amphibians are also very tolerant of
dehydration and can survive awater |oss equivalent to about 40 percent of their body weight.
They handle dehydration by decreasing the rate of urinary water loss and increasing the rate
of water absorption through the skin. For example, some amphibians can extract water from
moist soil (Mayhew, 1995).

The vast mgjority of amphibians spend at least part of their life cycle in water, but frequently
only for breeding. At the Rincon Mountain Unit of Saguaro National Park near Tucson,
Arizona, lowland leopard frogs (Rana yavapaiensis) depend on bedrock poolsin ephemeral
streams that retain water year round for breeding habitat (Parker, 2006). Other amphibian
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species, such as the red spotted toad (Bufo punctatus), are found only in arid ecosystems
(Mayhew, 1995). The canyon tree frog (Hyla arenicolor) is found along temporary,
intermittent, and permanent streams, springs, and tingjas in rocky desert canyons in much of
the Southwest, and uses the temporary pools during summer rains for breeding (Arizona
Sonora Desert Museum, 2007; Arizona Game and Fish Department, 2002). Photographs of
some of these species are shown in Figure 35.

In astudy of all known occurrences of the Californiared-legged frog (Rana aurora draytonii)
in the Central Valley of California (n=143), approximately 64 percent were found in
intermittent streams as opposed to perennial streams (Hayes and Jennings, 1988). Six
amphibian taxa were captured on ephemeral streamsin three southwestern sites by URS
Corporation, an environmental consulting firm (2006), including salamanders, frogs, and
toads. Tadpoleswere commonly observed in longer-lived ephemeral pools.

Figure 35. Photographs of amphibians that inhabit and breed in ephemeral and
intermittent streams (clockwise from top left): Canyon tree frog (Hyla arenicolor),
lowland leopard frog (Rana yavapaiensis), red spotted toad (Bufo punctatus), Sonoran
desert toad (Bufo alvarius, photograph: Shea Burns, USDA-ARS), Egg strand of
Sonoran desert toad (photograph: Shea Burns, USDA-ARS).

Rosen and Lowe (1996) in their study of herpetofaunaat Organ Pipe Cactus National
Monument noted that anurans (toads and frogs) are closely tied to permanent or temporary
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surface water that lasts long enough to allow their eggs to hatch and produce tadpoles. They
found that anurans bred successfully in temporary poolsin major washes and ephemeral
springs. Aslittle as 7.5 days may be required for the Couch’ s spadefoot (Scaphiopus couchi)
to go from egg to toadlet, with alonger period required for the true toads (genus Bufo).

Upland desertscrub offers essentially no breeding habitat to the diverse array of summer-
breeding toads and frogs characteristic of southwestern deserts and grasslands. The key
natural environments for their breeding are the riparian flats along major valley washes,
where scour holesin the silts and clays hold floodwaters long enough for tadpole

devel opment.

Birds

Birds, more than any other animal group, are highly dependent upon riparian and xeroriparian
vegetation in arid and semi-arid lands even though they have the ability to migrate seasonally
to find favorable climates. Thisisthought to be due to the vegetative structure, diversity and
productivity of riparian areas as compared to surrounding uplands (Johnson et al., 1977,
Ohmart and Anderson, 1982; Johnson and Haight, 1985; England and Laudenslayer, 1995;
Kirkpatrick et al., 2007). Inthe Lower Colorado River Valley subdivision of the Sonoran
Desert, dry washes occupy less than 5 percent of the area, but support 90 percent of its bird
life (Dimmitt, 2000).

Some hirds are particularly adapted to the hot, dry conditions found in deserts: they excrete
waste in the form of a semi-solid, requiring one-tenth the water used by mammals; some have
anasa salt gland to excrete excess salts; they have higher body temperatures than most
mammals and can tolerate awide range of body temperatures; and they can store body heat
during the day to be released in the cooler evening hours (England and Laudenslayer, 1995).

Kirkpatrick et al. (2007) looked at seventeen sites in southern Arizona (5 sites that had
perennia flowing surface water, 9 sites that had intermittent surface water, and 3 sites that
had ephemeral surface water) for avian abundance and species richness along riparian areas as
compared to uplands. He found that avian species richness and abundance were substantially
higher than in the surrounding uplands, even for the dry, ephemeral sites. This was attributed
to the riparian vegetation. No association was evident between species richness and
abundance in association with surface water at the community level; however, there was a
positive association with the volume of velvet mesquite, which provides food sources (high
densities of insects and other arthropods).

A study by Stevens et al. (1977) on seven paired sites (riparian and adjacent upland) in
Arizonafound that the importance of riparian habitat to migrant passerinesis substantial.
They found that the parameters influencing the use of riparian habitats included: specific
habitat preferences of the bird (stop-over habitat selection); floral components (niche diversity
and vegetation species composition); location of habitat (island situations and accessibility);
and quality of the adjacent habitat (including the amount of grazing and other forms of
impact).
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Higher bird species richness was found in dry wash systems according to a study of bird use
of desert habitats by the California BLM on sixty-six study plots. They found approximately
1.5 times as many breeding species (Kubik and Remsen, 1977; Tomoff, 1977; Daniels and
Boyd, 1979a, 1979b) and about twice as many wintering species (Daniels, 1979a, 1979b;
Henderson, 1979; Remsen et al., 1976; Tomoff, 1979a, 1979b, 1979c¢) in the dry washes.
This demonstrated that these systems supported a greater diversity of species than did the
more common desert scrub possessing overstory vegetation structure.

Skagen et al. (1998) compared migrating birds use of riparian corridors versus isolated oases
in the San Pedro River and found that “Small, isolated oases [riverine vegetation isolated from
similar vegetation patches] hosted more avian species than the corridor sites, and the relative
abundance of most migrating birds did not differ between sites relative to size-connectivity.”
They concluded that the protection of both the small patches and the more extensive riparian
corridors that link these patches isimperative, given the overall habitat limitation in western
landscapes. They noted that these areas are critical in providing migration stopover areas, and
therefore affect the breeding success of northern bird populations.

Ohmart and Zisner (1993) conducted an extensive literature review of riparian habitat in
Arizona, which included perennial, intermittent, and ephemeral streams. They found that
nearly every species of bird in Arizonawas found in riparian habitats either for breeding,
foraging, migration or wintering. Thisincluded fifty-seven ducks, geese, and waterfowl;
twelve hawks, falcons, and eagles; forty-two shorebirds (breeding habitat); one quail; and
seventy-eight songbirds and other birds.

Few studies attempt to separate the effects of water from vegetation on species diversity. In
their survey of southwestern streams, Kirkpatrick et al. (2007) found a relationship between
the abundance of four bird species (Black Phoebe (Sayornis nigricans), Wilson's warbler
(Wilsonia pusilla), common yellowthroat (Geothlypis trichas), and song sparrow (Melospiza
melodia)), and presence and extent of surface water. They were unable to determine whether
the association with surface water might be caused by other factors, such as a higher
arthropod biomass along “wet” streams (which included intermittent and perennia sites). The
majority of bird richness or abundance was not explained by the presence of water, but was
positively correlated with mesqguite volume.

A study conducted by the Point Reyes Bird Observatory (PRBO, 2007) during conditions of
extreme drought identified 120 bird species using dry washes in western Arizona, including
twenty-five breeding species. Skagen et al. (2005) |looked at the geography of spring bird
migration through riparian habitats in the Southwest and found that all riparian habitat types
were used to some degree.

Mammals
A wide variety of mammals inhabits the arid and semi-arid Southwest. Most have adapted to
the harsh conditions and lack of water in one or more of the following ways: heat evasion

(daily or seasonal estivation, diurnal or nocturnal behavior, or seasonal migration), water
conservation, water storage, dehydration tolerance, heat tolerance, and heat dissipation (open-
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mouthed gaping, or long appendages such aslong ears). Many mammals burrow under-
ground during the hottest part of the day to avoid the heat and increase water conservation.

Nearly all mammals must be able to find free water, making them dependent upon riparian
areas to some degree where they can utilize temporary and permanent pools found in
ephemeral or intermittent streams. However, some small mammals in desert environments,
such as the heteromyid rodents, utilize riparian areas but never drink free water, having
evolved to meet their water requirements through the metabolism of carbohydrates, an
efficient renal system that concentrates urine, lack of sweat glands, and nocturnal habits
(Kepner, 1978; Frank, 1988).

Mammals utilize dry washes in many ways. Krausman et al. (1985) determined that
xeroriparian washes and their associated vegetation were an important component of desert
mule deer (Odocoileus hemionus) habitat in Arizona (Figure 36). They noted that the greater
plant densities and diversity in washes allowed deer to find the forage and cover they require.
They also found that in central Arizona deer used washes 42 percent of the time in winter,
increasing to 83 percent in summer. Inthe arid and hot King Valley, Arizona, desert mule
deer used washes 99 percent of thetime. Deer in these areas used washes for forage, cover,
travel lanes, and birth sites.

Figure 36. Photograph of a desert mule deer (Odocoileus hemionus), Arizona.

Bellantoni and Krausman (1991), and Ragotzkie and Bailey (1991) found that female mule
deer especially used xeroriparian or dry wash habitat for foraging during early summer. They
suggested that in the Southwest, xeroriparian areas provide thermal cover, forage, and travel
corridors for mule deer, and that these areas are most important during the hot, dry period of
early summer. In addition, the increased stresses on female mule deer during pregnancy
could increase this habitat selection. Other large ungulates, such as Desert bighorn sheep
(Ovis Canadensis) utilize scattered isolated poolsin desert washes (Jones, 1986).
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Various authors have noted that collared peccaries (Tayassu tajacu) in Arizona used dry
washes during certain times of the year for loafing and resting (Bigler, 1974; Bellantoni and
Krausman, 1993), or as bedding sites and corridors (Ticer et a., 1998). Bellantoni and
Krausman (1991) found that both mule deer (Odocoileus hemionus) and peccaries used dry
washes for bedding.

When evaluating potential jaguar (Panthera onca) habitat, Hatten et al. (2003) found that
riparian areas and major wash complexes, mountain ranges, and associated canyons are
potentially suitable geographic features. Jaguars occupy awide range of altitudes aslong as
food, water, and cover are available. Perennial and intermittent water sources within 20 km
were considered important to dispersing jaguarsin an arid environment. They noted that any
sources of water, even ephemeral ones, may be important because they are usually associated
with well-defined channels that serve as travel corridors, and contain riparian vegetation, a
cooler microclimate, and higher prey abundance. Beier (1995) looked at juvenile cougar
dispersal from their maternal home range in three corridors, including a desert arroyo, in
southern California. The study found that the cougar used all three corridors even though few
drainages had perennia water; however, seeps and springs were distributed throughout the
area.

A variety of other small mammals utilize dry wash habitats and xeroriparian areas, including
the Mesquite mouse (Peromyscus merriami) (Kingsley, 2006) and awide variety of other
rodents (Jorgensen et a., 1995; Kepner, 1978). Duncan (1990) found that spotted ground
squirrels (Spermophilus spilosoma) often use dry, sandy washes for their burrows. Jorgensen
et a. (1995) studied an arroyo in New Mexico to determine rodent use of the wash area
(sandy bottom), terraces, and shoulders (stream banks). They found that the terraces and
shoulders were used much more than the wash, and that most animals traveled parallel to the
arroyo as opposed to perpendicular to it. This behavior may be due to the high vegetation
density along arroyos that offers predator protection.

In Ohmart and Zisner’s (1993) extensive literature review of wildlife usage of riparian areas
in Arizona, they compiled alist of fifty-five mammals that use riparian areas in any way for
breeding, foraging, cover or migration. They noted the importance of riparian areas to birds,
bats and large mammals such as elk and deer for migration corridors, and that continuity of
these areas was important for population expansion and genetic diversity in small vertebrates.
They found that only afew mammalsin Arizona, such asthe river otter, beaver, muskrat, or
water shrew, were truly tied to aquatic habitats. These species were unlikely to be found on
non-perennial streams, with the exception of effluent-dependent ephemeral streams. For
instance, beaver have reoccupied part of the Salt and Gila River systems near the 91% Avenue
waste water treatment plant in Phoenix, Arizona.

Invertebrates
The abundant invertebrates associated with ephemeral, intermittent, and headwater tributaries
are important contributions to the biological integrity of river networks. Invertebrates

constitute amajor portion of the faunal diversity of the earth, and the emergence of aguatic
invertebrates from streams is a significant part of the food chain. For instance, Fisher (1991)
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reported that flycatchers used alarge portion of the insect biomass emerging from Sycamore
Creek, Arizona, an intermittent stream.

Ephemeral streams contain rich assemblages of both invertebrates and macroinvertebrates.
Kingsley (1998) conducted an extensive survey of the invertebrates at Organ Pipe Cactus
National Monument, Arizona, and found a very high species richness in the wash habitats in
the Ajo Mountains and Aguajita Wash. He noted that this was to be expected due to the
diversity of microhabitats. This study described each of the nearly 1,000 taxa surveyed.

Many invertebrates require a hydrologic connection for their spatial dispersal, even if the
connection is ephemeral or intermittent (Nadeau and Rains, 2007). Whiles and Goldowitz
(2005) looked at macroinvertebrates in wetlands across a hydrologic gradient from ephemeral
to perennial. Although this study was conducted in Nebraska, the results were interesting in
that they showed the highest taxon richness and diversity at the intermittent sites. In northern
Cdlifornia, Del Rosario and Resh (2000) compared invertebrates in the hyporheic zones of
intermittent and perennia streams, and found that intermittent streams had lower densities,
similar richness, but higher species diversity than perennial streams.

Intermittent streams in the Southwest provide food sources for the high numbers of
macroinvertebrates found there. Disturbances caused by intermittent flows may actually
facilitate high food quality and consequently high levels of insect production in warm-
temperate desert streams (Fisher and Gray, 1983; Jackson and Fisher, 1986; Grimm and
Fisher, 1989; Huryn and Wallace, 2000). For example, in Arizona, macroinvertebrate
biomass in Sycamore Creek tends to decline following extended periods without disturbance
(e.g., more than 60 to 80 days) because of reduced food quality resulting from cyclical
coprophagy (the consumption of feces) (Grimm and Fisher, 1989; Huryn and Wallace, 2000).

Many invertebrates require standing water for part of their life cycle. For example, the
caddisfly (Limnophilus sp.) requires water only for the egg, larva, and pupae stages of itslife
cycle; the adult isterrestrial (Erman and Nagano, 1992) (Figure 37). Other specieslivein
sediment, either in encysted form, or within the hyporheic zone. Graham (2002) studied
temporary poolsin watercourses in Wupatki National Monument, Arizona. He found 22 taxa
of aquatic macroinvertebrates and two taxa of amphibians. Ward and Associates (1973) noted
that the life cycles of these species are triggered by specific temperature and/or water
conditions, and they may remain dormant or aestivate during unfavorable or stress periods.
Invertebrate species using ephemeral streams are generally good dispersers, either being
swept in from the upland, moving in from the air, or colonizing from hydrologically separate
perennial sources, including backwaters, pools, and off-channel ponds (URS Corporation,
2006).
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Figure 37. lllustrations of caddisfly larva (www.scientificillustrator.com) (left), and
caddisfly adult (www.nps.gov) (right).
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Some crustaceans (Phylum Arthropoda, Class Crustacea, e.g., tadpole and fairy shrimp) are
ableto survive in temporary waters in ephemeral stream channels. Fairy shrimp can complete
itslife cycle, going from egg to egg, in seven days during summer, and two weeks during
winter. As cysts, these creatures are able to dry with the mud and rehydrate later when water
returns, hatching 24 to 36 hours after hydration (Carpelan, 1995).

URS Corporation (2006) sampled several ephemeral streamsin Arizona, Colorado, and New
Mexico during July and August of 2006. Most microinvertebrates were terrestrial, but eighty-
Six aguatic taxa, including copepods, ostracods, and cladocerans were detected. Seventy-
seven aquatic macroinvertebrate taxa occurred in streams with known or likely upstream
sources of colonizers, and thirty-five taxa occurred in those without. Macroinvertebrate taxa
had a high degree of dissimilarity, either between study watersheds or within them (URS
Corporation, 2006).

However, in genera it isdifficult to understand the dynamics of these communitiesin
intermittent or ephemeral streams due to the irregular nature of the hydrologic regime and
their high sensitivity to climatic fluctuations. Boulton and Lake (1992) suggested studying a
number of sites over a period spanning several complete cycles of flow to assess adequately
these complex interactions. Adams (2000) found that he was able to develop baseline
biologica conditions for water-quality assessment prior to urban development by sampling
macroinvertebrates in ephemeral streams during periods of flow.

A typical conceptual model of the movement of invertebrates through a stream network is
exemplified by Cummins and Wilzbach (2005), with headwater intermittent stream reaches
responsible for delivery of invertebrates, sloughed algae, and detritus to the downstream
perennial stream reaches (Figure 38). Although their research looked at whether fish were
present as a criterion for inclusion in management plans, they noted that downstream reaches
are always highly dependent on upstream processes, and that successful stream management
should include the entire watershed.
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Figure 38. Diagram of a conceptual model of the delivery of invertebrates, sloughed
algae and detritusfrom headwater streams, inter mittent and per manent fir st-order
fishless streamsto larger fish-bearing streams, illustrating the dependence of
downstream reaches on upstream processes (from Cummins and Wilzbach, 2005).

Fish

Native and non-native fish are abundant in perennial streams in the Southwest deserts. For
example, seventy-five native fish species have been recorded in Arizonaand New Mexico,
many of them listed as endangered, although some have been lost due to habitat |oss
(Hubbard, 1977). Surprisingly, many species of fish, both native and non-native, can be
found in isolated perennial poolsin otherwise ephemeral or intermittent streams. For
example, four fish taxa were collected during a one year study on ephemeral streamsin
southern Arizona by URS Corporation (2006), including two native species and two non-
native species.

Native desert fish are adapted to the harsh and variable conditions of the desert. Pupfish
(Cyprinodon sp.) can withstand the high temperatures, alkalinity, and salinity of small desert
pools (Pister, 1995). Lema (2008) looked at environmental factors influencing phenotypic
development of the seven species of pupfish inhabiting the fresh water pools, saline marshes,
and small streamsin the Death Valley system.

Although pupfish require permanent water, afew of the hardiest desert fish species can
survive in areas that periodically go nearly dry, such asin intermittent streams. Longfin dace
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(Agosia chrysogaster), for example, survive relatively high water temperatures and low water
quality and quantity, and have been found alive in moist algal mats where there was not
enough water to swim (Hulen, 2007; Rinne and Minckley, 1991). Longfin dace have the most
widespread distribution of any native fish in the Southwest, and can disperse rapidly once
flow returns (Rinne and Minckley, 1991). The Gilatopminnow (Poeciliopsis occidentalis
occidentalis) also withstands low flows, high temperatures and poor water quality of
intermittent desert streams (Arizona Game and Fish Department, 2001).

Although ephemeral streams only temporarily support fish, they indirectly support fish
populations by helping to deliver required nutrients and other materials to the perennial
segments. Cummins and Wilzbach (2005) noted that ephemeral and intermittent streams are
important suppliers of invertebrates and detritus to permanently flowing, receiving streams
that support juvenile salmonids. They also acknowledged the connection between headwater
streams and downstream perennial waters by noting that it is critical to maintain riparian
cover in the headwater systems to prevent increased temperatures of the downstream delivery
of water that would interfere with juvenile salmonids.

Intermittent streams are important to some fish species. Erman and Hawthorne (1976) found
that trout production in California was dependent on intermittent streams. Over afour-year
period, 39-47 percent of rainbow trout recruits in Sagehen Creek, California, came from an
intermittent tributary that flowed only four months each year. Loggins et al. (1996) found that
five native migratory cyprinid fishes were spawning in intermittent tributaries of the
Sacramento River: Sacramento pikeminnow (Ptychocheilus grandis), hardhead
(Mylopharodon conocephalus), hitch (Lavinia exilicauda), speckled dace (Rhinichthys
osculus) and Sacramento sucker (Catostomus occidentalis).

Populations of native desert fishes are rapidly dwindling due to destruction of aguatic habitats
from urbanization, channelization, land-use change, over grazing, ground-water pumping,
dams, water diversions, and pollution (Rinne and Minckley, 1991).

f. Synthesis of Functions

Ephemeral and intermittent streams and tributaries provide a wide range of functions that are
critical to the health and stability of arid and semi-arid watersheds and ecosystemsin the
American Southwest. Most importantly, they provide hydrologic connectivity within abasin,
linking ephemeral, intermittent, and perennial stream segments, thereby facilitating the
movement of water, sediment, nutrients, debris, fish, wildlife, and plant propagules
throughout the watershed. They provide wildlife habitat and connectivity to perennial reaches
by providing arelatively more vegetated and moister environment than do the surrounding
uplands. The processes that occur during ephemeral and intermittent stream flow include
dissipation of energy as part of natural fluvial adjustment, and the movement of sediment and
debris.

Ephemeral and intermittent streams are responsible for alarge portion of basin ground-water
recharge in arid and semi-arid regions through channel infiltration and transmission |osses.
These stream systems contribute to the biogeochemical functions of the watershed by storing,



cycling, transforming, and transporting elements and compounds. Ephemeral and intermittent
streams support awide diversity of plant species, and serve as seed banks for these species.
Because vegetation is more dense than in surrounding uplands, ephemeral and intermittent
streams provide habitat, migration pathways, stop-over places, breeding locations, nesting
sites, food, cover, water, and resting areas for mammals, birds, invertebrates, fish, reptiles and
amphibians. In arid and semi-arid regions, the variability of the hydrological regimeisthe
key determinant of both plant community structure in time and space and the types of plants
and wildlife present.

Figure 39. Photographs of the Rillito River, Tucson, Arizona, dry (left) and with flow
(right).

6. Anthropogenic Impacts on Ephemeral and | nter mittent streams and
Riparian Areas

Anthropogenic uses and activities on the landscape can have significant impacts — both good
and bad — on water quality and the health of awatershed. Human-related disturbances are
numerous and include livestock grazing, land clearing, mining, timber harvesting, ground-
water withdrawal, stream flow diversion, channelization, urbanization, agriculture, roads and
road construction, off-road vehicle use, camping, hiking, and vegetation conversion.
Biological stressorsinclude habitat loss, alteration, effluent discharge, and degradation from
declinein water quality, and changesin channel and flow characteristics (Pima County,
2000).

The CWA has regulated many of these uses, but recent changes to the act have weakened or
eliminated that enforcement. While many land owners voluntarily employ best management
practices for water quality protection, not all do. However, in arid and semi-arid areas, where
water islimited and systems do not recover quickly, it is especially important to employ best
management practices for water quality protection whenever possible.

As noted earlier, ephemeral and intermittent streams and the adjacent riparian areas perform

many of the same functions in awatershed as perennial streams. Especialy in arid regions of
the country, riparian areas support the vast majority of wildlife species, are the predominant
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sites of woody vegetation including trees, and surround what are often the only available
surface water sources. These features have made riparian areas attractive for human
development, leading to their alteration on a scale similar to that of wetlands degradation
nationally (National Research Council, 2002). Thisis especially truein arid and semi-arid
regions because riparian areas are typically greener and cooler than other places. However,
riparian areasin arid and semi-arid regions are more sensitive to development impacts than in
wetter areas because of their limited geographical extent, drier hydrologic characteristics, and
fragile nature (e.g., erodible soils).

In general, human-induced changes to natural hydrological regimesin desert streams reduce
temporal and spatial heterogeneity of plant habitats, resulting in the loss of biodiversity and
homogenization of plant community composition and structure. Given the ecological
importance of plant communities in desert rivers (e.g., for channel bank stabilization and
wildlife habitat), there may be significant secondary impacts aswell. There is some evidence
to suggest that restoration of natural hydrological regimesin ephemeral streams may be partly
sufficient to reverse such deleterious changes in plant communities (see for example,
Stromberg, 2001).

In the past, riparian habitats represented about 1 percent of the landscape in the West, and it
has been estimated that within the past one hundred years, 95 percent of this habitat has been
destroyed due to awide variety of land use practices such as river channelization, unmanaged
livestock utilization, agricultural clearing, water impoundments and urbanization (K rueper,
1995). Given the vast extent of ephemeral and intermittent streams and the accumulation of
impacts to them over large areas in the rapidly devel oping southwest, a landscape or
watershed-scal e approach should be employed that considers the cumulative effects on overall
watershed function. This section presents some of the types of human caused impacts on
ephemera and intermittent streams and their associated riparian areas.

a. Land Development

The ecological and hydrological value of ephemeral and intermittent streams has been under
appreciated, especially with respect to land conversion and development. Land devel opment
includes urban, suburban and exurban development, but is referred to here as urban

devel opment.

The Southwest is one of the fastest growing regions of the U.S., having an increase in
population of approximately 1,500 percent over the last ninety years. In contrast, the
population of the country as awhole has grown by just 225 percent. Arizona and Nevada
have grown the most with population increases of 2,880 percent and 2,840 percent,
respectively. Most of the growth in Nevada has been in Las Vegas, with Clark County having
a 90-year growth rate of 22,480 percent, growing from 3,284 people in 1900 to 741,459
peoplein 1990. Maricopa County (Phoenix), Arizona, had a one hundred year growth rate of
10,275 percent, with most of that growth occurring between 1960 and 1990 (Chourre and
Wright, 1997).
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Assuming that the significant trend in population growth in the Southwestern U.S. over the
last ninety years continues, it is necessary to develop plans to manage and protect streams and
riparian areas that consider cumul ative impacts across a watersned. Water and natural
resources need to be managed to accommodate future growth, and economies need to be
examined to ensure a healthy environment (Chourre and Wright, 1997).

Urban development has the potential to change significantly the hydrologic characteristics of
awatershed by covering uplands with impervious surfaces, and removal, channelization or
armoring of small or headwater streams. Disruption of the natural stream network interferes
with or destroys natural flow patterns and sediment-transport functions, resulting in
downstream flooding and changes to the clarity and chemistry of the downstream flows. This
can damage wildlife habitat and downstream water supplies for humans (National Wildlife
Federation, 2007). Many land-preservation efforts have focused on upland areas, allowing the
lowland bottomlands to continue being devel oped and degraded, although these areas support
arich biota (Rosen et al. 2005). In other areas, the bottomlands are protected from
degradation, but not the uplands. Figure 40 shows a network of ephemeral streams that flows
through a small community southeast of Tucson, Arizona, to Cienega Creek, a protected
perennial stream.

Figure 40. Aerial photograph showing ephemeral tributariesto Cienega Creek, a
perennial stream, flowing through the small community of Vail, southeast of Tucson,
Arizona. (Photograph: Lainie Levick/Aerial flight courtesy of Lighthawk,
www.lighthawk.or g)

The influence of impermeable surfaces associated with urbanization increases as the
percentage of impermeable surface increases. Various studies have shown that semi-arid
stream systems become irreparably impaired once the impervious surfaces within the
watershed exceed about 10 percent, and experience dramatic morphologica changes once that
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percentage exceeds about 20 percent (Coleman et al., 2005; Miltner et al., 2003; Schueler,
1994).

Asthe amount of impervious surface increases, runoff increases and infiltration decreases,
starting a chain of events that includes flooding, erosion, stream channel ateration, increases
in man-made pollutants, and ecological damage. Floods will become more severe and more
frequent, and peak flows will be many times greater than in natural basins. The greater
volume and intensity of flooding will cause increased erosion and sedimentation downstream.
To facilitate the increased flow and sediment load, streams in urbanized areas tend to become
deeper and straighter over time. The resulting bank erosion destroys valuable streamside or
riparian habitat and tree cover, leading to higher temperatures, sedimentation, and disruption
of habitat. Ground-water recharge will also be reduced as rainfall runoff leaves the watershed
more rapidly than before (University of Connecticut, 1994).

Storm sewers and lined drainages increase the rate at which water is delivered to the channel
network, and thus further increases peak flows and erosion. Sedimentation is increased
during construction and road building for new urban areas. Improperly constructed and
maintained roads, especially dirt roads, can cause alterations to hillslope drainage, and alter
baseflow and precipitation-runoff relationships, resulting in erosion and sedimentation into
the streams (USDA, 2002). The primary geomorphic consegquence of these hydrologic
changesisthe erosional entrenchment of adjacent channels and associated transportation of
the excavated sediment downstream, causing a significant increase in sediment load. Urban
areas require storm water management plans both during and after construction to control
polluted runoff.

Water-quality impacts from urbanization include nonpoint source pollution, considered to be
the single largest water quality threat in the U.S. Pollutants include pathogens, nutrients,
toxic contaminants, sediment, and debris. Sediment is of particular concern because many
other pollutants tend to adhere to eroded soil particles. These changesto a stream system’s
form and function result in degraded systems no longer capable of providing good drainage,
healthy habitat, or natural pollutant processing (University of Connecticut, 1994).

Stream channelization is often applied in urbanizing areas to protect private property and
control stream bank erosion. However, channelization straightens and steepens the stream,
resulting in increased flow velocity and sediment movement. |t also reduces moisture content
along the stream banks by reducing out of bank flows which disrupts water, sediment, organic
matter and nutrient enrichment of the flood plain (National Research Council, 2002). In
addition, removal of vegetation as part of the channelization process degrades wildlife habitat.

Many authors have noted that habitat fragmentation is one of the consequences of
urbanization (University of Connecticut, 1999; Aurambout, 2003; Hilty et al., 2006). New
developments can alter large areas of land, removing natural drainage systems and wildlife
habitat, and replacing them with houses and roads. Altering, bisecting, or channelizing
streams can effectively eliminate the main biological functions of the stream channel by
disrupting vegetation communities and hydrologic function. Habitat fragmentation reduces
wildlife diversity and abundance, and may cause sensitive species to disappear (University of
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Connecticut, 1999). A study by the CaliforniaBLM that inventoried sixty-six study plots for
bird use of desert habitats noted the heavy recreational uses of washes, and the related
disturbance to wildlife and habitat degradation (England and Laudenslayer, 1995).

b. Land Uses

Besides urbanization, agriculture (livestock and crops) and mining are other mgjor land uses
in the desert southwest. Livestock grazing is one of the more common uses of rural land in
the Southwest, and has historically been alarge part of the economy. It occurs primarily on
state or federal land, but also on private land. In many areas livestock are provided with
watering sources, but frequently they must depend on the streams for water. Livestock
management plans attempt to avoid overuse of an area, but because water is scarcein arid
environments, cattle and wildlife tend to linger near water sources. When they are not
properly managed, and remain too long in ariparian area, cattle can trample stream banks, eat
the riparian vegetation to the ground, contaminate the water with wastes, and compact the
soil. Inaddition, livestock grazing can introduce exotic plant species from hay or feed
brought in from outside the area. Non-native plants may out-compete native species, causing
disruption of natural ecosystem functions. (Pima County, 2000).

It has been estimated that by the late 1800’ s over one and one half million cattle were in
Arizona, with another two million in New Mexico. Around that time the Southwest was
experiencing itstypical climatic pattern of drought and unpredictable rainfall patterns. The
resulting desiccation of the uplands drove cattle to the riparian areas, which were heavily
damaged as aresult. When the rains returned to the denuded landscape, erosive processes
took over and down cutting began, forming deep arroyos and lowering the ground-water
reservoir. Marshes and riparian vegetation disappeared (Rinne and Minckley, 1991; Krueper,
1995).

A study by Siekert et al. (1985) on grazing impacts on ephemeral streamsin Wyoming found
that seasonal grazing had an impact on channel morphology. Specifically, spring grazing had
no effect, but summer and fall grazing resulted in increased channel cross sections. These
impacts in and along a stream channel can cause reduced stream bank stability, decreased
ground-water recharge, water quality degradation, increased erosion and sedimentation,
removal of vegetation, increased flood risk due to reduced vegetation cover, and dispersal of
exotic plants. Many sources have stressed that the cumulative impacts of unmanaged
livestock in southwestern riparian ecosystems for the past several hundred years has probably
been the single most important factor in riparian ecosystem degradation (e.g., Krueper, 1995;
Wagner, 1978; Ohmart, 1995).

Reducing damage to riparian vegetation from over-grazing by livestock isimportant in arid
and semi-arid regions. Riparian vegetation helps stabilize stream banks, reduce water
temperatures and evaporation through shading, and provides food and habitat for wildlife.
Although in the past it was thought that removal of stream bank vegetation would increase
stream flow, recent studies have shown that in some places open water has higher annual
water losses from evaporation than riparian trees from evapotranspiration (Leenhouts et al.,
2006).
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Mining is another activity that historically has had alarge place in the economy and land use
in the American Southwest. Some of the largest copper and gold minesin the world are
found here, and some cover many thousands of hectares. However, mining can cause major
impacts on riparian areas both adjacent and downstream by altering the local hydrology.
Mining not only dewaters the area, it removes vegetation and soil and changes the
topography, severely impacting the watershed. Instream and flood plain gravel mining can
cause ateration to the channel dimensions and increase sediment yield. Mining can also
decrease water quality by leaching heavy metals and toxic chemicals into the surface and
ground water (Ecosystem Restoration Web site, accessed Sept. 12, 2008,

http://ecorestorati on.montana.edu/minel and/gui de/probl em/impacts/defaul t.htm)

Agriculture has had along history in the southwestern deserts, and areas such as the Central
Valley in Cdlifornia provide much of the country’s food supply. However, most crops must
be irrigated due to the low annual rainfall. Impactsto local hydrology from agricultural
activities include:

o Increased salinity caused by clearing of native vegetation which raises the ground-
water reservoir;
o Reduced flows from ground-water pumping or stream diversions for irrigation;
o Increased nutrients and turbidity from the use of fertilizers that run off into the
streams across the land surface or through the soil, causing excessive algae growth;
o Fish, aguatic invertebrate and bird kills from pesticides that run off into the streams
or leach into the ground water.
(from South Australia Environmental Protection Authority Web site,
http://www.epa.sa.gov.au/water_impact.html, accessed August 7, 2008)

c. Water Resour ces | mpacts

The Southwest has experienced rapid growth over the past several decades, straining the
already limited water resources. Lack of surface water flows has placed increased reliance on
ground water for domestic, industrial, and agricultural uses. Ground-water pumping creates a
chain reaction of events that impact the local and regional ecology.

Ground-water pumping lowers the ground-water reservoir killing near-channel vegetation
whose roots no longer reach the aguifer, or desiccates the subsurface to the point that flow
frequently isreduced (Stromberg et al., 1996). Asriparian vegetation dies, stream banks
become unstable due to the loss of the reinforcing nature of the plant roots, resulting in bank
erosion (Groeneveld and Griepentrog, 1985). Lowering of the ground-water reservoir helps
the invasion of exotic and drought tolerant species. Alteration and degradation of riparian
vegetation can adversely affect wildlife species and human uses of those areas.

Dams and retention or detention basins are frequently used in the Southwest to store water or
as flood-control devices. They disrupt natural surface flow and sediment transport, interfere

with natural geomorphic processes, ater water temperatures, and fragment the natural stream
systems both upstream and downstream of the structure. Upstream locations may experience
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flooding, whereas downstream locations may be dewatered and become sediment starved. As
aresult, both vegetation and wildlife communities are altered.

Ephemeral and intermittent streams in the Southwest are often the recipients of effluent from
waste water treatment plants. Depending on the level of treatment, effluent can have various
effects on the stream ecosystem. For example, Walker et al. (2005) compared four effluent
dominated watersin Arizona and found that aquatic macroinvertebrates were most affected by
the levels of nitrogenous species, especially un-ionized ammonia, and mean diel dissolved
oxygen. Specificaly, diversity decreased with increasing levels of nitrogen.

As human population in the desert Southwest continues to grow, water resources will become
even more stressed. Ground-water pumping has long been an important source of water in
these areas; however, ground-water depletion, ground surface subsidence and impacts to
riparian areas are becoming more common. Further research and understanding of the
surface-water ground-water interactions is needed for better management of these resources
(Phillips et a., 2004; Newman et al., 2006).

d. Climate Change

Most climate models predict severe changes for the southwest U.S., including increased
warming and drying, intensification of droughts, and increased variability of precipitation.
These changes will result in less runoff, reduced snow packs, changes in streamflow patterns,
longer and hotter growing seasons, shifts in vegetation growth patterns, and changesin
wildfire regimes (CIRMOUNT Committee, 2006; Betancourt, 2007). The Intergovernmental
Panel on Climate Change (IPCC) model simulations suggest that the hydrologic cycle will
become more vigorous, with the possibility of greater droughts and/or floods in some regions
and reduced occurrences of these phenomenain other areas (Thompson, 1997). Most of these
impacts are already occurring to varying degrees, but acceleration over the next century will
make management of land and water resources more complex.

7. Discussion

a. Clean Water Act Context

The goal of the CWA isto “restore and maintain the chemical, physical, and biological
integrity of the Nation’s waters,” and to prevent pollution of those waters. Historically, desert
washes have been considered to be jurisdictional under the CWA (for example, 408 F.3d 1113
Save Our Sonoran, Inc. v. Flowers). However, as aresult of the Supreme Court decision in
the consolidated cases Rapanos v. United States and Carabell v. United Sates (“ Rapanos,”
2004), the definition of the Nation’s waters or waters of the United States jurisdictional under
the CWA has required additional clarification, specifically with respect to tributaries that are
“not relatively permanent” (i.e. ephemeral or intermittent streams). Recent guidance from the
U.S. EPA and Army Corps of Engineers (U.S. Environmental Protection Agency, 2007)
requires that a*“significant nexus’ exist between a non-relatively permanent tributary and a
traditional navigable water of the United States for the tributary to be jurisdictional under the
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CWA. Thissignificant nexus evaluation must consider flow characteristics and functions of
the tributary to determine if it has a significant effect on the chemical, physical, and biological
integrity of downstream traditional navigable waters.

We believe that the information presented in this report shows that ephemeral and intermittent
streams in the arid and semi-arid Southwestern U.S. are ecologically and hydrologically
connected to downstream waters, and have a significant effect on the chemical, physical, and
biological integrity of those waters.

Connectivity in non-perennial streams, however, can be difficult to demonstrate owing to a
lack of data. Stream gages and water quality monitoring sites tend to be in perennia reaches,
for example. Most ecological studies on wildlife or vegetation have been conducted in wetter
environments or in the uplands. Nevertheless, hydrologic models suggest that in arid and
semi-arid region watersheds flow in small tributaries does reach the perennial stream courses
(seefor example Levick et al., 2006). Other studies have shown that non-perennial streams
contribute nutrients, seed sources, or spawning areas necessary for biological and aquatic
health in downstream perennial waters (see for example Erman and Hawthorne, 1976; Howe
et al., 2008).

b. Ecosystem Goods and Services

Many sources recognize that the ecosystem goods and services provided by natural systems
are critical to the healthy functioning of the natural environment. They also recognize the
significant contribution of these goods and services to human welfare and well-being, both
directly and indirectly, and therefore the contribution to the overall social and economic value
of the natural environment.

Ephemeral and intermittent streams are integral parts of a watershed, and their condition
affects the health of the entire ecosystem. Healthy ecosystems perform a diverse array of
functions that provide goods and servicesto society. In this context, “goods’ refersto
materials that can be sold (e.g., drinking water, tourism, or timber), whereas “ services’
provide value but cannot be sold (biodiversity, wildlife habitat, or nutrient cycling) (Whiting,
2000; Wilson et al., 2004)

The Millennium Ecosystem Assessment (2005b) reviewed the consegquences of ecosystem
change on human well-being. Their multi-year study, published in 2005, presents a state-of -
the-art scientific appraisal of the condition and trends in the world’ s ecosystems and the
services they provide, as well as the scientific basis for action to conserve and use them
wisely. The report defines well-being as including “the basic material needs for agood life,
the experience of freedom, health, personal security, and good social relations, which
together, provide the conditions for physical, social, psychological, and spiritual fulfillment.”

From the Millennium Ecosystem Assessment (2005b):

Human well-being is supported by ecosystem services, which refers to the benefits
received by people from an ecosystem. These may include:
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e provisioning services such as food, water, timber, fiber, and genetic resources,
e regulating services such as the regulation of climate, floods, disease, and water
quality;

o cultural services such as recreational, aesthetic, and spiritual benefits; and

e supporting services such as soil formation, pollination, and nutrient cycling.

Ecosystems a so have value for human well-being through the cultural services they
provide, through, for example, totemic species, sacred groves, trees, scenic
landscapes, geological formations, or rivers and lakes. These attributes and
functions of ecosystems influence the aesthetic, recreational, educational, cultural,
and spiritual aspects of human experience. Many changes to these ecosystems,
through processes of disruption, contamination, depletion, and extinction, therefore
have negative impacts on cultura life and human experience.

In most cultures and regions, people generally prefer the aesthetics of natural
environments over built-up or urban ones. For example, real estate values tend to be
higher near protected open space, and reflect the willingness of peopleto pay for this
amenity (Wilson et. al., 2004). The benefits provided by nature have inspired art,
music and clothing throughout human history. Development and degradation of
natural areas have reduced these benefits. The use of natural areas for recreation and
tourism is growing as populations increase. Nature travel continues to increase, as
does nature tourism, or eco-tourism.

The previous sections of this report demonstrate that ephemeral and intermittent streams
provide all of these ecosystem services, and therefore support overall human well being in the
arid and semi-arid Southwest. One of the strongest points made in the Millennium Ecosystem
Assessment was the powerful impact of ecosystem degradation on people with lower
incomes, especially in developing countries. Lower income people depend more on natural
areas for well-being than more affluent people because they are less able to replace the
ecosystem services with purchased goods.

Although the Millennium Ecosystem Assessment report (2005b) did not address specific
ecosystems, such as ephemeral and intermittent stream systems, it did make a strong case for
the value of local ecosystemsto the cultural diversity and cultural identity of a society.
People have historically identified with their environment for their sense of culture and value
systems. Thisisespecialy truein arid and semi-arid areas where water isamajor concern
that receives significant attention and focus. Areas where water concentrates are cherished
and valued, whether or not permanent water is present. Desert cultures have traditionally
based their lives around water, rainy seasons and the times when theriversflowed. Thisis
still true in the desert today: whenever it rains enough to cause the ephemeral streamsto flow,
people flock to the rivers to watch the water (Figure 41).
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Figure 41. Photograph of the Santa Cruz River, Tucson, Arizona, during summer
monsoon flows. (Photograph: unknown)

c. Management Principles

Ecologically responsible land management attempts to meet economic and social objectives
while maintaining environmental health. It requires alandscape or watershed-scale approach
that considers cumulative impacts to ensure that al physical, biological, and chemical
components function together. For example, both the upland areas of a watershed and the
riparian or stream course areas must be in a healthy functioning condition for the entire
watershed to be healthy and to supply clean water for human and ecosystem use, and in many
cases, food and fiber production.

Landscape or watershed health can be described as a measure of the balance of anthropogenic
uses and ecological function or integrity (Jones et a., 2002). Ecological integrity isthe
condition in which the productivity of resources and ecological values, including diversity,
areresilient to disturbance and maintained for the long term (Reynolds, 1995). It involves
maintaining biodiversity, biological productivity, and ecosystem processes. Important aspects
of ecosystem integrity include energy flow through the food web, water and nutrient cycles,
disturbance/recovery cycles, biotic diversity, evolutionary processes, and human influences.
These characteristics and processes function at various rates and across multiple scales.
Maintai ning ecosystems requires maintaining these processes, it is not sufficient to only
preserve the individual pieces (Institute for River Ecosystems, 1997).

The management of arid and semi-arid lands has a direct impact on the hydrology and
geomorphology of the drainage network, in addition to wildlife habitat. Bull (1977) noted
that ephemeral streams are much more sensitive to climate or anthropogenic disturbance than
are perennial streams. Nadeau and Rains (2007) discussed a management approach that
considers how hydrologica and ecological systems function at various temporal and spatial
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scales. They described a watershed management approach that uses an integrated set of tools
(federal, state, tribal, local) and programs (voluntary and regulatory), includes all
stakeholders, and applies an iterative planning or adaptive management process to address
strategically priority water resource goals.

In arid and semi-arid regions, the functions of ephemeral and intermittent streams must be
recognized and appreciated to protect and manage them properly; they must not be relegated
to second-class status as compared to wetter systems elsewhere in the U.S. Ephemeral and
intermittent streams should not be considered in isolation from the entire watershed. Given
their vast extent and the accumulation of impacts to them over large areasin the rapidly
developing southwest, alandscape or watershed-scal e approach should be employed that
considers the cumulative effects on overall watershed function. Ecosystem protection would
be meaningless and ineffective if these supporting waterways were significantly degraded.

d. Resear ch Recommendations

Many of the underlying physical, ecological, and biological processes and linkagesin arid and
semi-arid region systems are not well understood or documented. This general lack of
information specific to ephemeral and intermittent streamsin the arid and semi-arid
Southwest leaves a wide range of research opportunities. For example, linking knowledge of
past hydrological and channel changes to present-day changesin arid and semi-arid region
streams should be a key research priority (Tooth, 2000a).

Nadeau and Rains (2007) noted the need for long term, large-scale monitoring and research
that are integrated across spatial and temporal scalesto help provide the theoretical and
empirical foundations necessary to identify problems and problem sources. For example,
more research is needed to determine and classify the suites of flora and faunal species
dependent on ephemeral and intermittent streams, and their preferred habitat types.
Instrumenting more arid and semi-arid region watersheds with precipitation and stream flow
gages would greatly advance the understanding of these systems.

The protection of intact sites and the establishment of “representative” sites would provide
reference areas for future studies and comparisons with impacted areas. Predictive models are
needed to understand the consequences of alternative management actions on hydrological,
ecological, economic and social systems.

Regarding wildlife, a better understanding of the species that inhabit these systems will aid in
our understanding of the significance of arid and semi-arid region streamsto wildlife. For
example, baseline inventories are needed to determine species composition, abundance, and
distribution as compared to adjacent upland or perennial areas. Specific ecological
information is needed for critical target species, such as habitat requirements and current
population numbers and distribution.

Much still needs to be learned about the ecological and hydrological interactions on

ephemeral and intermittent streams due to variability and the often highly episodic occurrence
of extreme events in these systems. There are unique challenges for work on these desert
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rivers. Sometimes the environments are inhospitable, but arguably the greatest challenge is
trying to use short-term projects to understand arid and semi-arid region streams whose
variable behavior sometimes demands years of data more than are needed on amesic river.
As noted, ephemeral and intermittent streams constitute the vast majority of drainage waysin
the Southwest and they play an integral role in overall watershed function. Futureresearchis
needed for both the long-term monitoring of these systems over arange of conditions, and on
developing modeling tools that can be applied to large temporal and spatial scales.

8. Conclusions

When functioning properly, arid and semi-arid region streams provide many of the same
services as perennial streams that affect water quality and ecosystem health. These services
include landscape hydrologic connections; surface and subsurface water storage and
exchange; ground-water recharge and discharge; sediment transport, storage, and deposition;
flood plain development; nutrient cycling; wildlife habitat including movement and migration
corridors; support for vegetation communities that help stabilize stream banks and provide
wildlife services; water supply and water quality filtering or cleansing; and stream energy
dissipation associated with high-water flows that reduces erosion and improves water quality
(USFWS, 1993; BLM, 1998). In addition, riparian areas associated with ephemeral and
intermittent streams help mitigate and control water pollution by removing pollutants and
sediment from surface runoff (Sonoran Institute, 2007). Thus, these streams play a significant
rolein the physical, biological, and chemical integrity of an ecosystem and must be afforded
the same importance as other wetter systemsin the U.S. in land management decisions.

Effective management of water resourcesin arid and semi-arid environments requires
awareness of the interdependencies of hydrologic, biogeochemical and ecological processes,
and collaboration between ecologists and hydrologists. Stream channel characteristics are
based on upland watershed and channel conditions, and physical characteristics such asthe
hydrology of the system-driven biological values. Non-perennial streams with active flood
regimes contain a high diversity of plant species that varies depending on the location within
the watershed. The complex longitudinal gradients along arid and semi-arid region streams
encompassing changes in flood intensity, climate, and water availability, result in awide
range of biological conditions along its length. Therefore, to protect water quality and
riparian habitat, a watershed-based approach to land management must be taken, involving al
stakeholders and applying best management practices. Newman et al. (2006) suggest
establishing a monitoring network in water-limited environments to facilitate this
collaboration, from the experimental design phase, through interpretation and modeling.

In the rapidly devel oping southwest, land management decisions must employ a watershed-
scale approach that addresses overall watershed function and water quality. Asshown in this
report, ephemeral and intermittent stream systems comprise alarge portion of southwestern
watersheds, and contribute to the hydrological, biogeochemical, and ecological health of a
watershed. Given their importance and vast extent, consideration of the cumulative impacts
from anthropogenic uses on these streamsiis critical in watershed-based assessments and land
management decisions to maintain overall watershed health and water quality.
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