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Post-Wildfire Sedimentation in Desert
Mountain Streams and Effects on Lowland

Leopard Frog Habitat, Saguaro National Park

By John T.C. Parker and Don E. Swann

Abstract

Post-wildfire sedimentation in the Rincon Mountains of Saguaro National Park overwhelms
the sediment transport capacity of small desert streams and buries bedrock pools, known as tinajas,
that serve as habitat for the lowland leopard frog, a declining species in southeastern Arizona. An
increase in the frequency of large, severe, crown fires because of fire-suppression practices in the
late 19th and 20th century, as well as fragmentation of leopard frog habitat resulting primarily from
human activities, presents leopard frog populations with disturbances of unprecedented frequency
and magnitude. Tree-ring studies show that large, severe wildfires were rare, extreme events in the
Rincon Mountains before the middle of the 20th century. From 1989 through 2003, however,
Saguaro National Park has been the site of five severe wildfires and post-wildfire sedimentation
from such events has filled bedrock pools and destroyed leopard frog habitat in most stream
channels within the study area. Persistence of wildfire-induced sediment deposits in bedrock pools

has resulted in longer recovery periods for aquatic habitats in the Rincon Mountains than reported
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for similarly affected habitats in perennial stream channels in wetter environments. In Loma Verde
Wash, all tinajas that provided leopard frog habitat were buried within three years after the 1999
Box Canyon fire and remained so as of summer 2007. The degree to which other stream channels
were affected by post-wildfire sedimentation has not been well documented, but the near absence
of leopard frogs in Wildhorse Canyon in the late 1990s, followed by increasing populations in
subsequent years and high volumes of sediment remaining in some tinajas, suggests a similar
history as a result of the 1989 Chiva fire. Low populations of frogs in Madrona Canyon and Rincon
Creek may be indicative of wildfire effects following the 1994 Rincon fire. The most recent severe
wildfire, the 2003 Helens II fire, resulted in high volumes of sediment delivery from hillslopes to
headwaters of Joaquin Canyon Although evidence of watershed recovery was observed two years
after the Helens II fire, a slug of sediment moved downstream episodically and had buried at least
one large tinaja outside park boundaries by October 2005. Chimenea Creek, the only major stream
channel to escape significant impact from severe wildfires in recent decades, contained the largest
and healthiest leopard frog population as of summer 2007. About 40 percent of the watershed
above Chimenea Creek was burned by prescribed fires and managed wildfires since 1994, The
condition of Chimenea Creek suggests that fire-management policies that include prescribed fires
and management of small, naturally caused wildfires might offer protection for leopard frog

populations in Saguaro National Park from excessive sedimentation and destruction of habitat.

Introduction

The Rincon Mountain District of Saguaro National Park in southeastern Arizona contains
some of the last remaining habitat in the Tucson Basin for the lowland leopard frog (Rana
yavapaiensis), a species that was once common throughout the basin. Habitat loss resulting from

urbanization and exploitation of water resources has pushed the leopard frogs to the fringes of the
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basin where they now occupy small numbers of bedrock pools (known in the southwestern United
States as tinajas) in the canyons of adjacent mountain ranges. The desert mountains in which the
frogs reside are subject to a variety of hazards including drought, fire, and flash floods, all of which
are processes that have operated for millennia and to which the frogs have presumably adapted. In
the past two decades, however, the park has had four large, severe crown fires and one desert fire,
events that were uncommon under prehistoric conditions, At least three and perhaps all of tﬁose
fires have caused catastrophic sedimentation, filling tinajas with sand and gravel and destroying
them as frog habitat. These events appear to be unprecedented in frequency, if not magnitude, and
represent a threat to the continued existence of the lowland leopard frog in the park. The
management issues facing the National Park Service include protection of leopard frog habitat and
development of fire-management policies that will produce a more natural fire regime without
presenting an additional threat to park resources. To develop effective strategies, it is important that
park managers understand the fire history and ecology of the Rincon Mountains, the physical
processes that operate on watersheds and stream channels before and after fires, the relationships
between those processes and aquatic habitats, and the processes of watershed and stream-channel
recovery from disturbances.

All aquatic organisms that inhabit running waters are subject to disturbance as a result of
abrupt changes in stream discharge, varying influxes of sediment, nutrients, contaminants and the
instability of channel substrate (Meyer and others, 1988; Resh and others, 1988; Giller and
Malmgyvist, 1998; Cushing and Allan, 2001). The variables of stream discharge, water quality, and
channel morphology are dependent on climatic conditions, hydrogeologic properties, and human
activities that may vary greatly over time and space. Wildfires chan ge watershed characteristics,

such as vegetation cover and soil properties, in ways that can produce abrupt changes in hydrologic
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and geomorphic processes with a consequent change in aquatic ecosystems. Interest in the effects
of wildfire on aquatic habitats is relatively new and has focused primarily on macroinvertebrate
communities as well as chemical and nutrient changes (Minshall, 2003). The effects of wildfire on
vertebrate populations have been studied less extensively, and most studies have focused on fish
(Lamberti and others, 1991; Rinne, 1996; Howell, 2006). Pilliod and others (2003) summarized
peer-reviewed research into wildfire effects on amphibian populations. Of the 12 North American
studies included in the summary, only one examined population changes in a stream environment
(Gamradt and Kats, 1997); the authors of the rest of the studies looked at terrestrial amphibian
populations. There has been no published research on wildfire effects on amphibians in the
intermittent streams typical of the desert Southwest.

Desert-mountain streams are particularly harsh environments for aquatic life (Fisher, 1986;
Giller and Malmgqvist, 1998). Flow regime, a principal control on the distribution of aquatic life
(Bunn and Arthington, 2002), is characterized by extreme variability ranging from many weeks of
zero discharge to flash floods with peak discharges up to six orders of magnitude above average
stream discharge (Baker, 1977). Desert streams are also characterized by discontinuity and poor
integration of drainage systems, resulting in fragmentation of aquatic habitat (Cushing and Allan,
2001). Despite the particular severity of conditions in desert mountain streams, studies of flood
disturbance of aquatic environments in Sycamore Creek, a mainly intermittent stream in central
Arizona, have shown that macroinvertebrate and periphyton communities can return quickly to pre-
tlood levels (Gray, 1981; Gray and Fisher, 1981; Fisher and others, 1982; Grimm and Fisher, 1989;
Boulton and others, 1992). In addition to the extremes of the hydrologic system, desert mountains
in the southwestern United States are subject to frequent natural fires. Fire suppression practices in

the late 19th through the 20th century have led to particularly large and destructive crown fires that
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may have geomorphic consequences far more severe than those with which aquatic organisms have
had to cope in the past (Baisan and Swetman, 1990; Parsons and Botti, 1996).

In this paper we present an example of extreme biotic disturbance, namely the burial of
breeding and feeding habitat for the lowland leopard frog in the Rincon Mountains following large
stand-replacing wildfires. This level of disturbance is unusual in the nearly total destruction of
habitat within watersheds and the long post-wildfire recovery periods. We describe (1) the
mechanisms that produce the disturbance and the relation of excessive sedimentation to the wildfire
history of the study area; (2) watershed recovery and persistence of disturbance in stream channels;
(3) describe the effect of post-wildfire sedimentation on lowland leopard frog populations; (4)
discuss the potential for recovery of those populations that have been affected by post-wildfire
sedimentation; (5) discuss the prospect for future disturbances and the management options
available for attempting to protect park resources. This paper is based upon findings in an
mvestigation of post-wildfire sedimentation conducted 2004-2006 by the USGS in cooperation
with Saguaro National Park; descriptions of the data and the methods of data acquisition and

analysis are presented by Parker (2006).

Description of Study Area

The Rincon Mountain District of Sagnaro National Park encompasses 272 km® of rugged
upland desert and mountainous terrain east of Tucson. Elevation ranges from about 760 m along the
western edge of the park to about 2,600 m on Mica Mountain and Rincon Peak in the Rincon
Mountains (Figure 1). The park is mostly mountainous, but the most heavily visited areas are the
bajadas, the rolling land surface of ridges and valleys formed by overlapping alluvial fans, along

the base of the mountains at elevations between about 760 and 975 m.
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The climate is semiarid with summer and winter rainy seasons. Average annual precipitation is
about 300 mm near the base of the mountains and about 760 mm at the highest elevations (Bowers
and McLaughlin, 1987). During the summer monsoon season, convective thunderstorms typically
produce intense, short-lived periods of precipitation with a high degree of spatial variability. Winter
precipitation occurs as a result of regional frontal storms in which rainfall generally is less intense,
but can last for several hours to several days. Snowfall is common above 2,100 m in the winter
(Bowers and McLaughlin, 1987).

The predominant rock types of the Rincon Mountains are Precambrian granodiorite and
quartz monzonite that have intruded into older metasedimentary rocks. Deformation of the rocks
ranges from kilometer-scale fracturing to outcrop-scale foliation and folding. The rocks typically
weather to coarse, gravelly sand that covers most hillslopes, although steep slopes of exposed
bedrock are common.

Vegetation includes Sonoran Desert scrubland, which includes extensive stands of saguaro
cactus (Carnegiea gigantea) and other cacti as well as various yucca species and woody shrubs that
blanket the bajadas and lower mountain slopes. With increasing elevation, the hillslopes are
vegetated with grassland and scrubland, oak—juniper woodlands, juniper and pifion pine woodlands,
ponderosa pine forest, and mixed conifer forest (Bowers and McLaughlin, 1987).

Stream-channel positions within the study area generally are bedrock controlled, and the
variability of channel geometry primarily depends on the geologic structure and lithology of the
terrain over which the stream flows. Channels are typically narrow (5-15 m) and steep with
watershed relief ratios ranging from 0.121 to 0.221. Headwater elevations range from 1,425 m to
2,640 m. Generally, little sediment is stored in the channels, and flood-plain and alluvial-terrace

deposits are small and sparse.
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The bedrock pools, or tinajas, within the channels exhibit a variety of morphologies ranging
from nearly circular to linear and angular to irregular in plan view with depths from 0.5 to 3 m and
dimensions of 1-10 m along the maximum axis. Tinajas can be formed from ponding of water
behind flow obstructions, including bedrock outcrops, sills, and boulders; from plucking of rock
fragments and blocks from jeinted and fractured bedrock channels, and from abrasion by sand and
gravel in suspended sediment, as well as by chemical erosion (Wohl, 1998; Whipple and others,
2000). A tinaja may be the product of one or all of these processes.

Most tinajas unaffected by recent post-wildfire sedimentation have little sediment on the
pool bottom. A veneer of sand and gravel over a base of cobbles occurs in some tinajas, and others
have only a light layer of silt and organic ooze; however, commonly one tinaja in a chain of pools
is nearly filled with sandy gravel and the others contain little or no such sediment. Some pools have
alluvial banks and a thicker layer of sediment on the bottom than is typical of most tinajas. In a
survey of surface-water resources in Saguaro National Park, Macleod and others (2003) identified
75 perennial tinajas; however, a severe multiyear drought through the winter of 2006 had produced
possibly the driest conditions in the park since the 1950s, and a number of tinajas were reported dry
for the first time since at least 1996 when systematic monitoring began (Parker, 2006). Perennial
tinajas are probably fed through bedrock fractures by ground;water sources; however, no

investigation has been conducted to verify those water sources.

The Lowland Leopard Frog

The lowland leopard frog occupies aquatic environments in desert scrub to juniper-pifion
woodlands in the southwestern United States and northern Mexico. Once abundant in much of its

range, its population is now declining in southeastem Arizona, and the leopard frog has been
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extirpated from its range in southwestern Arizona and southeastern California (Sredl, 2005). This
population decline has led to designation of the lowland leopard frog as a Priority Vulnerable
Species in the Sonoran Desert Conservation Plan implemented by Pima County, Arizona and as a
Species of Special Concern by the Arizona Game and Fish Department (Arizona Fish and Game
Department. 2006). The lowland leopard frog also was selected an indicators of ecosystem health
for Saguaro National Park (Pima County, 2006).

Habitat of lowland leopard frogs includes perennial streams or perennial pools in
Intermittent streams, wetlands, and springs, as well as artificial environments such as earthen stock
tanks, irrigation canals, and backyard ponds. The frogs inhabit both shallow- and deep-water
habitats, the former offering emergent and perimeter vegetation for basking, and the latter offering
refuge from predators and possibly hiberation sites in undercut banks and root masses (Platz and
Frost, 1984; Arizona Game and Fish Department, 2006). Adult frogs may survive periods of habitat
desiccation by retreating into mud cracks, rock fractures, or burrows of other animals (Howland
and others, 1997). Fragmentation of lowland leopard frog habitat is probably a significant cause of
population declines, including extirpation from some areas without subsequent recolonization
(Sredl and Saylor, 1998).

Episodes of mass mortality of leopard frogs have been recorded in Arizona. In a 2-year
study of a lowland leopard frog population occupying several pools below springs in east central
Arizona, Sredl and others (1997) observed up to 90-percent mortality as a result of large floods and
a subsequent fungal infection. Coeval habitat loss due to siltation of several pools may have
contributed to the subsequent slow recovery of the population.

In Saguaro National Park, the tinajas that provide lowland leopard frog habitat are in first—

to third—order stream channels at elevations between 850 and 1,800 m in the Rincon Mountains
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(Figure 1). Lowland leopard frog individuals or populations have been observed by park staff in at
least 265 tinajas; leopard frog tadpoles or eggs, which signify a possible breeding population, have

been seen in 110 tinajas since systematic monitoring began in 1996.

Fire History and Management

Tree-ring studies of fire history in the Rincon Mountains show that fire was a frequent and
widespread phenomenon from 1657 to 1893 (Baisan and Swetman, 1990). Surface fires, generally
between 200 and 3,000 ha in extent, burned the understory of ponderosa and mixed-conifer forests
at intervals of 1-13 years in the vicinity of Mica Mountain. Mean fire interval was 6.1 years.
During this period, fires ignited by lightning in May and June could bumn for several months before
being extinguished by summer rains. Large, severe, crown fires apparently were rare before the
middle of the 20th century although Baisan and Swetman (1990) cite evidence of at least one such
fire of unknown age below Rincon Peak (Figure 1).

Fire frequency declined in the late 19th and into the 20th century in the Rincon Mountains
and throughout the Southwest as a result of fire-suppression practices and livestock grazing that
removed the forest understory (Baisan and Swetman, 1990). Except for large fires of 2,444 ha and
2,338 ha in 1943 and 1954, respectively, park records show only 409 ha burned from 1943 to 1988.
From 1989 through 2003, five wildfires bumed a total of 17,400 ha, more than three times the total
area of all other fires combined from 1943 through 2003 (Figure 2).

Fires have bumed through nearly 40 percent of the park’s forests, grasslands and scrublands
since 1989, involving about 50 percent of the forested areas and 35 percent of chaparral and desert
scrublands and grasslands (Parker, 2006). The only substantial areas of forested watershed that

have not been burned by unmanaged wildfire in the past 60 years include the Chimenea Creek
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watershed, except near the watershed divide; the western part of Madrona Canyon; and the eastern
to southeastern Rincon Creek watershed (Figure 1). About 40 percent of Chimenea Creek
watershed has been bumned in recent years, but almost all of that burned area was from prescribed
fires or managed wildfires, which are naturally caused fires that are monitored and allowed to burn
as long as property, human lives, and park resources are not threatened.

The spate of large, crown fires beginning in 1989 is most likely the consequence of fire
suppression conducted by the National Park Service, a practice common to all other federal lands
agencies beginning in the 1920s. On public lands throughout the western United States, high fuel
accumulations and tree densities increased the risk of catastrophic fires and changed the
distribution of fire-dependent vegetation (Parsons and Botti, 1996; Saguaro National Park, 2004).
In 1968, the National Park Service changed its policy of suppressing all fires within its Jjurisdiction.
Some fires were allowed to bum if they would contribute to the success of resource- management
objectives without threatening developed areas or cultural sites. Fire managers in Saguaro National
Park have employed prescribed burns since 1985 to prevent encroachment of woody vegetation

into meadows, to reduce fuel loads, and to restore grasslands (Saguaro National Park, 2004).

Fire, Hydrology and Geomorphic Processes in the Rincon

Mountains

Large, crown fires cause hydrologic changes that greatly amplify runoff and lower erosion
thresholds, thus producing large increases in the rate of sediment delivery to channels. Increases in
storm runoff of 30-400 percent are typical following such fires, and increases in peak discharges as

- high as 870-fold have been reported (Moody and Martin, 2001). The increase in runoff that results
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from the loss of storage in the forest and scrub canopy and leaf litter can result in extreme increases
in sediment load ranging from 4-fold to 220-fold (Martin and Moody, 2001; Veenhuis, 2002; Paige
and others, 2003) and produce catastrophic debris flows (Cannon and others, 1998).

Under normal supply-limited processes in mountain streams, most channel-bottom sand and
fine gravel is moved through the system within a few seasons, and little sediment resides in storage
in the channel bottom. Increased sediment from bumed watersheds can result in excessive
deposition of fresh sediment in stream channels that overwhelms the stream’s transport capacity
and results in significant change to channel morphology and hydraulic characteristics (Moody,
2001). The amount of time the sediment remains stored in the channels depends on the volume of
sediment available on hillslopes for transport, the period of time that is required for the conditions
to stabilize on hillslopes, the frequency and size of streamflows available for scouring the sediment
from the channel, and the physical characteristics of stream channels that govern the velocity of
flows through a particular channel reach.

In July 2003, three months before the inception of this project, the Helens 11 fire, a hot,
runaway wildfire caused by lightning, swept through the ponderosa pine and mixed-conifer forests
in the Mica Mountain area. Unlike the surface fires that regularly burned the understory with little
damage to the forest canopy before the late 19th century, the Helens II fire was a severe, crown
fire. The Helens II fire was particularly severe on the northern slope of Mica Mountain in the upper
Joaquin Canyon watershed, most of which is north of the park boundary where it drains into
Tanque Verde Creek (Figure 1).

Observations of post-fire conditions in the bum area were made during five field trips in

March, June, and November 2004, and in July and October 2005 (Parker, 2006). All of the field

11
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trips were reconnaissance-level surveys in which the main objective was to rapidly assess the
mechanisms of sediment transport and changes that occurred during the course of the study period.

From containment of the fire on June 30, 2003, to October 2005, precipitation totals at
Manning Camp, at an elevation of 2,417 m at the southern edge of the burn area, were slightly
below normal. The summer immediately after the fire was the wettest period with 377 mm of
precipitation falling from July 31 through October 31, 2003 (Parker, 2006). Annual precipitation
totals were about 83 and 87 percent of expected values in 2004 and 2005, respectively. A total of
eight storms with rainfall intensities greater than 10 mm hr'' occurred during the summers of 2003~
2005.

The main mechanisms of sediment erosion from hillslopes were sheetwash and rainsplash
as evidenced by splays of sand and gravel, erosion pillars and poorly defined, transient channels.
Rills were few, only 5-10 m long and no more than 15-cm deep, and there was some evidence of
small debris flows, such as coarse, overbank deposits along headwater tributaries (Parker, 2006).
The absence of deep guilies or landslide scars indicates that sediment was moved downslope
mainly by surface flow rather than as a mass. This sediment-transport mechanism is characteristic
of burned watersheds where the rapid delivery and accumulation of surface water to the bare
ground surface and consequent increased runoff results in minimal infiltration into the soil (Wells,
1987; Cannon and others, 1998; Cannon and others, 2001). The nature of erosion from the Rincon
Mountain hillslopes, namely the diffuse movement of sediment by rainsplash, sheetwash, and soil
creep, made assessment of change from repeated observations difficult. These are normal hillslope
processes (Selby, 1993) that were accelerated as a result of the changed hydrologic conditions

immediately following a wildfire. Measurement of the magnitude of changes in hillslope erosion
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resulting from wildfire-induced hydrologic change requires detailed monitoring that was beyond
the scope of this study.

By July 2005, Iess evidence was seen of continuing erosion from hillslopes. Movement of
sediment, however, was apparent in the appearance of charcoal-laden sediment in unbumned forest
areas and the deposition of sediment on the upslope side of tree trunks, stumps, and newly sprouted
vegetation, particularly stands of bracken femn (Preridium aquilinum). Sufface roughness had
increased on many slopes as a result of new vegetation growth and the accumulation of fallen trees
and broken branches from the stands of burned forest, and slopes that were still barren typically
were armored with gravelly lag. Although much of the bumed area looked as raw as it had
appeared in the first year after the fire, the patchy recovery of the hillslopes was clearly taking
place by revegetation and exhaustion of the available supply of mobile sediment. The effects of
this partial recovery on the rate and magnitude of hydrologic processes could not be measured for
this study, but in other studies in Western nmountain areas, runoff and sediment transport returned to
pre-fire levels within 2-7 years (Bolin and Ward, 1987; Moody and Martin, 2001). During cursory
surveys of older bum areas in the Rincon Mountains that had been affected by the Chiva, Box
Canyon, and Rincon fires, we saw virtually no unequivocal evidence of post-wildfire hydrologic
changes. Although woodlands had not reestablished in many areas—burned snags were commonly
the tallest vegetation features in the landscape—ground cover appeared as dense as in unburned
areas. Evidence of sheetwash erosion was sparse and could easily have occurred well after the fires.
Six years had passed since the Box Canyon fire, the most recent of the fires, and the recovery of the
watershed is not surprising in light of recovery times reported for other western watersheds.

Because only a small fraction of the older burn areas was surveyed, especially in the Chiva and
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Rincon burn areas, it is possible we overlooked evidence of continuing post-wildfire hydrologic
and geomorphic effects in those areas.

Even as the watershed of Joaquin Canyon showed evidence of recovery 2 years after the
Helens I fire, a slug of sediment continued to move episodically downstream, burying tinajas and
destroying some leopard frog habitat in the process. Joaquin Canyon drains the northern slope of
Mica Mountain, which was the most severely bumed area in that fire (Figure 1). A large, probably
perennial tinaja is about 3.3 km downstream of the burn area in Coronado National Forest north of
the Saguaro National Park boundary. Although the tinaja was not monitored regularly, lowland
leopard frogs had been observed in the pool prior to the fire. When the channel first was surveyed
for this study in June 2004, the tinaja contained water to a depth of about 0.5 m, but about 1 m of
black mud had been deposited along its right bank since the pool had last been observed by park
staff in July 2003. In the 2.2-km reach below the tinaja the only evidence of post-wildfire
sedimentation in the channel was patchy deposits of gray, fine-grained material that appeared to be
nearly all ash. The generally cobbly bouldery channel bottom downstream from the tinaja contained
little sand, and the lowermost tinaja showed no evidence of post-wildfire deposition. In the next
survey of the channel in June 2005, the tinaja was dry and was partially filled with 0.5~1 m of
gravelly sand. There was, however, still no evidence of significant sand deposition in the channel
below the tinaja. In October 2005, the Joaquin Canyon channel was visited for the last time in this
study, and the uppermost tinaja was observed to be completely filled with sediment. The front of
the sediment slug had moved downstream about 400 m, leaving 0.10 —0.50 m-thick deposits of
sand on the channel bottom. Another tinaja, about 1,100 m downstream from the first tinaja, had
not been significantly affected by excessive sedimentation and was still functioning as aquatic

habitat; one Sonoran mud turtle and four adult lowland leopard frogs were sighted.

14
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The pattemn of deposition in Joaquin Canyon then is rapid delivery of mobile sediment in
the headwater channels as a result of accelerated hillslope erosion, remobilization of this sediment
during short-lived summer streamflows and moderate winter streamflows, and the discrete,
episodic transport of the sediment slug downstream. The front of the sediment slug stopped at the
upper tinaja and did not continue downstream until the pool was completely filled, sometime
between June and October 2005. The record of tinaja-filling in Loma Verde Wash, in which tinajas
were filled from upstream to downstream over a period of 2 years following the Box Canyon fire,

suggests that this is a typical pattern of sedimentation in the channels of the study area.

Lowland Leopard Frog and Wildfire-Induced Disturbance

Aquatic organisms adapt to environments characterized by disturbance that occurs over a
wide range of temporal and spatial scales (Resh and others, 1988; Gore and others, 1990: Reeves
and others, 1995). Post-wildfire sedimentation of the magnitude seen after recent large, severe fires
in the Rincon Mountains represents a level of disturbance that probably occurred on a time scale of
centuries based on tree-ring derived fire histories (Baisan and Swetman, 1990). Extreme storms
also may have produced infrequent episodes of catastrophic sedimentation. In July 2006, a massive,
thunderstorm complex produced record precipitation in the Santa Catalina Mountains, which
neighbor the Rincon Mountains on the north. Following several days of heavy rainfall, the storms
of July 31 caused hundreds of hillslope failures that coalesced into catastrophic debris flows that
buried streams channels in several canyons. The event was historically unprecedented in southern
Arizona (Magirl and others, 2007). Similar catastrophic events may have affected prehistoric
stream channels in the Rincon Mountains and other desert mountains in southeastern Arizona with

consequent destruction of lowland leopard frog populations. Such events, however, would have

15
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occurred in an environmental setting that has been tremendously altered by human activities in the
past 150 years. Lowland leopard frog habitat that once existed in large streams and associated
wetlands in the valley bottom has been almost entirely eliminated by human activity. Habitat has
been reduced and fragmented to an extent that may prevent recovery of lowland leopard frog
populations from extreme fire or storm events. An additional modern source of disturbance is the
buming of non-fire-adapted Sonoran desert landscapes, such as occurred in the Chiva, Mothers Day
and Box Canyon fires (Figure 1). Exotic grasses, such as red brome (Bromos rubens) and
bufflegrass (Pennisetum ciliare), are believed to be a factor in increasing the frequency of fire in
desert-vegetation communities (Esque and others, 2003; Esque and Schwalbe, 2006). The burning
of low-elevation vegetation communities enabled fires to spread into the lower watersheds of
Wildhorse Canyon, Loma Verde Wash, and Box Canyon and may have contributed to increased
post-wildfire sedimentation as a result.

Destruction of lowland leopard frog habitat as a result of post-wildfire sedimentation came
to the attention of park staff after the Box Canyon fire of 1999, which burned 1,381 ha, primarily of
grassland, desert scrublands, and oak-juniper woodlands in the watersheds of Loma Verde Wash
and Box Canyon. At the time, Loma Verde Wash contained a large, healthy population of lowland
leopard frogs. Within a few months of the fire, 38 tinajas in Loma Verde Wash received the first
slugs of sandy gravel that buried all of them to a depth of 1-2 m within two years (Figure 3). The
tinajas remain buried as of spring 2007, nearly eight years after the fire. Since the last sighting of
frogs in Loma Verde Wash three years after the fire, no frogs have been detected during regular
surveys of the channel. Two tinajas were experimentally excavated in spring 2005; they remained

open during the following summer, but refilled with sediment as a result of heavy monsoon rains
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and streamflow in the summer of 2006. That tinajas were refilled during that period rather than
scoured suggests that abundant mobile sediment was still stored in upstream channel reaches.

Subsequent to the filling of Loma Verde Wash tinajas with sand and gravel, park staff
discovered at least one large tinaja in Wildhorse Canyon that had presumably filled after the Chiva
fire of 1989 and showed no signs of sediment removal when last observed in September 2004.
There is no record, however, of how many and during what period of time the 113 tinajas mapped
in Wildhorse Canyon filled with sediment following the fire.

The effect of excessive sedimentation in the lower reaches of the stream channels is to fill
the tinajas with coarse sand and fine gravel that displaces all or most of the tinaja volume available
for water. The sediment also blocks or absorbs the trickle of ground-water flow entering tinajas
from fractured bedrock, desiccating the tinaja and initiating a die off of riparian and emergent
vegetation, such as cattails (Typha sp.), that serve as cover for lowland leopard frogs. Finally, the
post-wildfire sedimentation destroys much of the heterogeneity of the tinajas, which typically vary
among each other in the amount and type of sediment in residence in and along the margins of the
pools. The degree to which frog populations are affected by such sedimentation depends on the
number of tinajas that are filled within a reach and the persistence of the tinaja-fill sand deposits

following their emplacement.

The absence of data on pre-wildfire conditions in most channels makes a quantitative
determination of sediment storage time elusive. The sedimentation history of most channels is
based mainly on indirect observations. From July 2005 to April 2006, park staff conducted surveys
of 23 tinajas in 7 stream channels to measure pool dimensions and probe sediment deposits to
determine depth of sedimentation and volume of the deposits (Table 1). All of the tinajas were in

channels below watersheds that had burned in the past two decades, although fires in the watershed
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above Chimenea Creek have been mainly prescribed bumns and managed wildfires. Tinajas in Loma
Verde Wash contained the highest volumes of sediment per pool volume with three of the seven
pools sampled having > 100-percent of pool capacity filled with sand and gravel. The mean
volume of pool capacity occupied by sediment for the Loma Verde pools was 81 percent, compared
to 17.3 percent for the remaining 16 pools in other stream channels. Wildhorse Canyon was the
only other channel in which a sampled tinaja was more than 50-percent filled with sediment. The
only other tinajas that were surveyed and had significant sediment fill are those in Madrona
Canyon, downstream from the 1994 Rincon fire (Parker, 2006).

Chimenea Creek is the only major drainage basin in the Rincon Mountains that has not been
significantly bumed by an uncontrolled crown fire in the past two decades. The volume of sediment
in the four tinajas in Chimenea Creek that were surveyed ranges from zero to 20 percent, and visual
surveys in spring 2007 of the other 20 tinajas with a record of lowland leopard frog populations
indicated a similar range of sediment volume. The recent fire history of the Chimenea Creek
drainage basin probably’most closely approximates the natural pre-suppression fire regime within
the study area, and the degree of sedimentation in tinajas is probably representative of normal
background sedimentation levels.

Observations of leopard frog populations may give some indication of the post-wildfire
sedimentation history in stream channels, aithough a number of factors can affect population counts
and interpreting the sedimentation history from these data is problematic (Parker, 2006). Saguaro
National Park staff has been monitoring leopard frogs since 1996 on a regular annual or seasonal
basis. There is no question that frog populations in canyons downstream from severely burned
areas have been affected by these fires, most likely from excess sedimentation (Figure 4). No frogs

were observed in Wildhorse Canyon tinajas during surveys in 1996, but a few individual frogs were
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observed in 1998; since that time, there has been a substantial increase in the number of frogs and
the number of tinajas supporting frog populations.

The effect of post-wildfire sedimentation on leopard frog populations in other drainages
generally has not been as well documented as in Loma Verde Wash and Wildhorse Canyon
(Saguaro National Park, unpublished data). Historically, Box Canyon contained leopard frog
habitat. No frogs have been observed in that channel since the Box Canyon fire, but populations
had declined before the fire. Frog populations have fluctuated in tributaries of Rincon Creek,
including Madrona Canyon, but have persisted in small numbers. The extent to which those
populations were affected by the 1994 Rincon fire is unknown. Likewise, frogs continued to persist
in a few pools in Joaquin Canyon as of summer 2007.

The slow recovery of leopard frog populations in the drainage basins of the Rincon
Mountains is in marked contrast to the recovery of fish populations in perennial stream channels
documented by Lamberti and others (1991) in the Cascade Mountains, Oregon, and by Howell
(2006) in the John Day River, Oregon. In the former study, cutthroat trout were extirpated from a
channel reach by a debris flow, but populations recovered to pre-disturbance levels by the
following year. In the John Day River study, post-wildfire floods, landslides, and debris flows
eliminated steelhead and rainbow trout in moderate to high-intensity burn areas immediately after
the fire, but fish began repopulating the reaches in the following year, and populations were near
pre-disturbance levels four years after the fire. The short recovery period for aquatic habitats in the
Oregon studies relative to that for tinajas in the Rincon Mountains, illustrates the difference in
resilience between habitats in mesic environments and those in semiarid environments. In mesic
environments, perennial stream flows are available to scour sediment deposits, transport pioneer

organisms, and provide water for food sources and reproductive habitat immediately following the



Document in Microsoft Internet Explorer9:24:10 AM jtparker
11/3/2007 preliminary draft/subject to revision

disturbance, as opposed to semiarid environments where subsequent stream flow is intermittent and
undependable.

The condition of leopard frog habitat in Chimenea Creek reflects the less catastrophic fire
history of the watershed (Figure 4). Leopard frog surveys conducted in 1998-2005 show
fluctuations in the number of frogs, but occupation of the channel by frogs was continuous
throughout that period. The tinajas in Chimenea Creek currently support the densest leopard frog
populations in the Rincon Mountains. The 24 tinajas in the channel exhibit a high degree of
heterogeneity with varying amounts and texture of sediment and varying pool size and depth. Small
patches of riparian and emergent vegetation are found at some pools. The patterns of leopard frog
occupation of the 24 tinajas show that the lower reaches of Chimenea Creek provide the most
consistently satisfactory habitat, with at least half of the tinajas between la and 1m occupied in
most years by adult and juvenile frogs and tadpoles (Figure 5). Frog habitat is considerably more
marginal upstream from tinaja 2a. The number of tinajas occupied by frogs in Chimenea Creek
declined in fall 2000. Although this occurred at the same time as the number of frogs observed in
Loma Verde Wash was declining, the reasons are not likely the same. Chimenea Creek was not
significantly affected by the Box Canyon fire, which only burned parts of the watershed that drain
into the channel downstream from the tinajas. In the marginal habitats of tinajas 2b through 2g and

2k, no frogs were observed after 2001 (with two exceptions).

Discussion

Sedimentation following large, crown fires is an extreme event that threatens the existence

of lowland leopard frogs in Saguaro National Park and undoubtedly in other desert mountains
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within the frogs' increasingly restricted range. The only prehistoric events that may have produced
similar sedimentation would have been similar wildfires and perhaps extreme storm events, such as
occurred in the neighboring Santa Catalina Mountains in July 2006. Either iype of event would
have been of low frequency with probable return intervals on a scale of centuries. Although those
hypothetical events may have extirpated some leopard frog populations, the low frequency of
events and the interconnectedness of leopard frog habitat in the Rincon Mountains to large streams
and associated wetlands in the valleys below apparently permitted recovery of frog habitat.

The Rincon Mountains have been the site of five large wildfires from 1989 to 2003. Fires of
this nature have become more frequent throughout the western United States because of fire-
suppression practices instituted on public lands in the late 19th century that disrupted the fire-
adapted ecosystems of western forests and resulted in increased forest density, underbrush growth,
and accumulation of dead wood that fueled the destructive fires of recent decades. The high
frequency of large wildfires, the slow recovery of habitat from excessive sediment deposition in the
semiarid environment, and the fragmentation of habitat imperil the continued survival of the
lowland leopard frog in Saguaro National Park.

Despite these developments, most leopard frog habitat that has been affected by post-
wildfire sedimentation has recovered to some extent, and the frogs have reestablished in almost all
of the canyons they occupied before the fires. Initial repopulation of Wildhorse Canyon, however,
may not have occurred until 1996, nine years after the Chiva fire. As of summer 2007, sediment
still filled the tinajas of Loma Verde Wash, nine years after the Box Canyon fire, and
experimentally excavated tinajas had refilled, offering no prospect of recolonization by leopard

frogs in the immediate future.
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Chimenea Creek is the only drainage basin in the park in which aquatic ecosystems are
functioning under a fire and hydrologic regime that approaches pre-European settlement conditions.
As of summer 2007, the tinajas in Chimenea Creek provided the best habitat and contained the
largest and healthiest lowland leopard frog population in Saguaro National Park. The absence of
leopard frogs in marginal habitats after 2001 is more likely the result of drought than post-wildfire
sedimentation, which could only have played a role after the 2003 Helens 11 fire. Because only 0.4
percent of the Chimenea Creek watershed was burned in that fire (Parker 2006), excessive
sedimentation probably was not significant, and frogs are expected to recover.

The continued existence of the lowland leopard frog in the park depends on the magnitude
and frequency of future wildfires, the amount of sediment deposited in channels and tinajas as a
result of such fires, the recovery period following excessive sedimentation, and the ability of frogs
to repopulate habitat once sediment has been flushed from the system. So far, only the Box Canyon
fire has resulted in extirpation of leopard frogs from an entire watershed. In Wildhorse Canyon,
leopard frog populations were greatly reduced but seem to be recovering. In Madrona Canyon and
Rincon Creek, small leopard frog populations exist, but the extent to which they were affected by
the Rincon fire and subsequent sedimentation is unknown. Sufficient evidence does not exist to
predict the extent to which habitat will be disturbed following future wildfires, but it does appear
certain that post-wildfire sedimentation presents an extreme stress to the leopard frog populations,
and continued high frequency of severe wildfires, especially when accompanied by drought or
other environmental stresses, could push some frog populations past the point of recovery.

The slow restoration of tinajas to functionality as leopard »frog habitat as a result of large
volumes of mobile sediment in storage upstream from the tinajas, infrequent scouring streamflows,

or changes in channel hydraulics caused by excess deposition, decreases the probability that
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leopard frog populations in affected channels will recover. Repopulation also is hindered by
fragmentation of habitat that creates barriers, such as buried, desiccated tinajas, to colonization
from healthy populations in other watersheds. Once a severe, crown fire has occurred, there are few
management options available for protecting leopard frog habitat downstream from the burn area.
Saguaro National Park fire managers have refrained from common post-wildfire treatments to
reduce sedimentation, such as grass seeding, removal of dead or scorched trees or emplacement of
structural controls (sediment traps, wood additions, weirs, check dams and gabions) in and near
stream channels. Such practices have been criticized for effects on post-fire forest recovery and
structure and long-term ineffectiveness (Beschta and others, 2004). Excavation of tinajas that have
been buried in sediment has not proven effective. Consequently, excessive sedimentation following
severe wildfires appears inevitable, although the total obliteration of habitat that occurred in Loma
Verde Wash does not seem to have occurred in all fire-affected stream channels.

Natural recovery of tinajas to functioning aduatic habitat can take a decade or more,
depending on the amount of sediment that is available for deposition from upstream storage sites
and on the frequency and magnitude of streamflows in subsequent years. Lowland leopard frog
populations apparently take longer yet to recover from the effects of habitat destruction and in the
most extreme cases, recolonization is impossible because of destruction of refugia and isolation
from other frog populations. Saguaro National Park managers have considered transplanting
lowland leopard frogs into canyons that have physically recovered from post-wildfire
sedimentation, but which have not been recolonized by frogs.

The presence of a healthy leopard frog population in Chimenea Creek suggests that
preventive management holds the greatest promise of protecting this aquatic habitats in Saguaro

National Park. The natural wildfire regime in the Rincon Mountains is one of extensive, high-
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frequency, low-intensity burns. Modern conditions preclude restoration of a completely natural fire
regime in the park, or in any other desert-mountain setting in which human land use is a significant
factor. Nonetheless, the practice of prescribed burns and managed wildfires in the Chimenea Creek
watershed likely has decreased the probability of severe wildfires and has not caused detectable
harm to aquatic habitats in the stream channel. Leopard frog populations in the park are at
continued risk from future wildfires, including those populations below areas that have burned
earlier and in which some recovery has occurred. The recovery of ground cover in the Wildhorse
Canyon and Rincon Creek watersheds and the presence of large areas that have not been burned in
the past two decades puts leopard frog habitat at possible risk. In addition, the presence of exotic
grasses in non-fire-adapted Sonoran-desert landscapes may present yet another modern hazard to
aquatic habitat in lower elevation stream channels. Implementation of prescribed burns and

removal of exotic grasses may alleviate the threat to leopard frog habitat in those channels.
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Figure.1 Location map of study area and extent of large fires occurring 1989~2003.
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Figure 2. Graph showing fire history in Rincon Mountains since 1943,







A. Before fire

B. After fire

Figure 3. Comparative photographs showing post-wildfire sedimentation in tinajas in
Loma Verde Wash from the Box Canyon fire of 1999. A. Spring, 1996. Open tinaja with
water visible in middle of photograph. B. Spring, 2001. Tinaja buried in sand.
Photographs by Don E. Swann, Saguaro National Park.



