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Introduction

In 2002, the National Park Service (NPS) filed a water-right application for instream-flow
maintenance along Rincon Creek in Saguaro National Park East. The University of Arizona, in
cooperation with the NPS, planned and executed an investigation to determine relationships
between the structure and function of aquatic macroinvertebrate assemblages and the
availability of water in Rincon Creek.

While temporary or ephemeral waters are necessary to the survival of many organisms, some
are entirely dependent on long-term water availability. Without a reliable source of water, many
of these organisms cannot survive in arid regions. Organisms adapted to the harshness of arid
regions utilize specialized life history strategies that allow them to survive from one generation
to the next. For example, the giant water bug Abedus herberti (Lytle 1999) and the
hellgrammite Corydalus sp. (Carl Olsen, personal communication) are able to sense rapid
increases in stream flow and avoid flash floods by seeking shelter on land. Many other aquatic
insects are able to determine when a source of water has evaporated to the point where
continued survival is unlikely and migrate to fresh or larger sources of water (Williams 1996).

The structure and function of aquatic macroinvertebrate assemblages are useful indicators to
determine ecological condition of aquatic ecosystems (Rosenberg and Resh 1993). If
conditions are not suitable for survival of a particular assemblage of macroinvertebrates, faunal
dynamics shift as less tolerant species are succeeded by those better adapted to current
conditions. Macroinvertebrates are particularly useful as biological indicators in arid regions
where permanent sources of water, such as springs or large rivers, are scarce. In arid regions
of the southwestern U.S., ephemeral or intermittent systems greatly outnumber perennial
sources of water (US Geological Survey Environmental and Monitoring Assessment Program
data). The transient nature of aquatic systems in the region often results in no viable
populations of fishes thereby making aquatic macroinvertebrates logical bio-indicator species.

Due to low soil permeability, lack of interception by vegetation, and often mountainous terrain,
arid-land streams are “flashy” systems with a relatively high degree of disturbance making them
relatively unstable environments for aquatic species (Williams 1996). Relatively little is known
about the faunal dynamics and nutrient cycling of intermittent streams and how these might
change when a flowing stream transitions to a series of distinct, disconnected pools. Stressors
to aquatic life in such dynamic systems include significant daily shifts in physico-chemical
variables (dissolved oxygen, pH, etc.), high evaporation rates, and elevated water temperatures.



Aquatic systems in arid regions often exhibit a large degree of drainage-specific geographic
isolation resulting in a high degree of endemic speciation of organisms adapted to unique,
specific, and local environments.

Intermittent streams in the arid southwestern U.S. are still poorly understood and many
guestions remain about the structure and function of species which have adapted to living in
these extreme environments. For example, the hyporheic zone, the saturated area between the
stream bed and the local aquifer, of permanent waters in more mesic areas is often colonized
by a diverse array of aquatic macroinvertebrate species often found at great distance from the
actively flowing channel. Whether such colonization is possible in intermittent streams is the
southwest, such as Rincon Creek, was a focus of this project.

Objectives

The objectives of this study are to determine (1) the water needs of aquatic macroinvertebrates
found within Middle Rincon Creek in Saguaro National Park East to support the water-right
application filed by the NPS for this stream in the state of Arizona; (2) the effects of the
transition of a flowing stream (lotic) to a series of distinct, disconnected pools (lentic) on aquatic
macroinvertebrate assemblage diversity and composition and; (3) whether the hyporheic zone is
an important refuge for macroinvertebrates as the water within the channel becomes scare and
eventually disappears altogether. We hope to contribute to the body of knowledge about
streams and their macroinvertebrate populations in the arid western United States so that we
might better understand how these systems function.

Methods

Location of Stream

Rincon Creek is located in southern Arizona east of Tucson and is part of the Santa Cruz River
watershed. Its source lies in the Rincon Mountains near Rincon Peak and it flows across
Saguaro National Monument before emptying into Pantano Wash, the Rillito River, and
eventually the Santa Cruz River (Figure 1). Several other small mountain streams and washes
flow into Rincon Creek upstream of its confluence with Pantano Wash.



Figure 1. Topographic map of the study region
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Rincon Creek is an intermittent stream. Historically, periods of flow with the greatest longevity

occur during winter precipitation, early spring runoff of snowmelt from higher elevations, and

during intense, localized thunderstorms during the summer monsoon. Through spring and into

early summer, streamflow steadily decreases as temperatures and evapotranspiration rates

rise. Eventually, several distinct, disconnected pools form. The stream often flows again during

late summer with the arrival of the monsoons. During this time, it is prone to both minor and

major flash flooding. Pools, either from direct precipitation (“rainpools”) or from receding flow,

begin to form after the monsoons have passed. Depending on the amount and frequency of
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monsoonal precipitation, pools will either persist until the start of the winter rains or go dry.
Although there is great variability in streamflow, this generalized pattern of succession is often
repeated annually. During dry years, the number of available pools may decrease, and during
extended periods of drought the stream may remain dry the majority of the year. During wet
years, streamflow may persist throughout the year and never transition into a series of distinct,
disconnected pools.

The channel of Rincon Creek is composed of either a thin layer of loose substrate (alluvium)
overlying bedrock, or exposed bedrock without this alluvium. The bedrock is relatively
impervious when compared to the alluvial substrate, which consists primarily of silt and sand
with some gravel and cobbles. As the stream transitions from a lotic to a lentic system, pools
form in low-lying depressions.

Rincon Creek is surrounded by a narrow riparian area dominated by cottonwood (Populus
fremontii), various species of willow (Salix spp), and sycamore (Platanus wrightii). Riparian
vegetation provides shade to several large reaches. During periods of drying, other vegetation
may grow between pools, including grasses and aquatic macrophytes.

Sampling Sites

Three sampling sites were chosen for this study (Figure 2), all located downstream of the
confluence of Chiminea Creek with Rincon Creek. These three sites were selected because
they are known to be areas where water persists as discrete pools during periods of low or no
flow.

Pool A (Figure 3) was located approximately 140 meters below the confluence of Rincon and
Chiminea Creeks. The site is also the location of the NPS bubbler gauge. Pool A is bedrock
covered with sand, silt, and gravel with some small to medium-sized cobbles and contained
approximately 28.63m?* of water when full. Pool volume data was calculated from the stage-
volume equation for Pool A provided by Mark Briggs (y=0.49x%-2.74x+3.29) and water
depth/discharge information collected by the NPS bubbler gauge at Pool A (Appendix A).

Pool C (Figure 4) was located approximately 20 meters downstream of the road to the Madrona
Ranger Station. The channel consists of bedrock partly covered by a relatively thick layer of
sand/silt with gravel and a few medium-sized cobbles. When full, this pool contains
approximately 11.36 m® of water. Pool volume data was calculated using the stage-volume



equation provided for Pool C by Mark Briggs (y = 0.0224x> - 0.1599x? + 0.5059x - 0.4499) and
water depth information collected by National Park Service employees (Don Swann, Matt
Daniels, and Colleen Filippone) and volunteers (hamely Chuck Perger). Discharge data was
collected by the NPS bubbler gauge at Pool A (Appendix A). During periods of drying, the water
at Pool C shrinks to the lowest point, a bedrock lined pool with no other substrate covering it.
This site was chosen because this pool is one of the most persistent within the study reach.

Figure 2. Topographic map depicting the study reach. Sampling sites are marked with flags.
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Pool D (Figure 5) was located approximately 20 meters upstream of the USGS stream gauge,
300 meters downstream of the confluence of Rincon Creek with a large, unnamed wash, and
170 meters downstream of an additional smaller, unnamed wash. The channel of Pool D was
composed of bedrock overlain with a thick layer of sand/silt and contains approximately 57.37



m® of water when full. Pool volume data was calculated from the stage-volume equation
developed for Pool D by Mark Briggs (y =1.0979x* - 4.9086x + 4.7157) and the staff gauge data
collected by the USGS stream gauge. Discharge data was taken from the USGS gauge at this
site (Appendix A). This pool was prone to morphological changes as substrate was deposited
or scoured out with changes in flow.

In addition to these three sites, sampling was conducted upstream of the middle reach of
Rincon Creek at a site known as Madrona Pools (Figure 6). We included this site because 1) all
sites within the middle reach were dry for extended periods, 2) Madrona Pools was known to
have persistent pools year-round, so it gave us an indication of what biotic assemblages might
have occurred within the middle reach had water been available year round, and 3) Madrona
Pools might provide some information on dispersal and invertebrate drift into the middle reach.

Figure 3. Pool A, looking upstream
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Figure 4. Pool C, looking downstream.



