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Abstract. The hyporheic zone of three reaches of Sycamore Creek, Arizona consisted of an average
63 cm depth of predominantly sand or fine gravel (0.5-5 mm). Sediments were highly porous (19-
23% interstitial space) and interstitial water volume was 3-4 times that of surface water. Spatial
distribution of temperature, sediment organic matter, interstitial nutrients, and subsurface oxygen
indicate that physical-chemical conditions vary greatly within the hyporheic zone. Much of the
observed variability may be due to repeated disturbance by flash floods. Organic matter content of
sediment was low (0.08% by weight), variable, and generally declined with depth in shallow portions
of the hyporheic zone. Hyporheic water temperature was higher than surface temperature in regions
beneath the wetted perimeter in summer. Nutrient concentrations of interstitial water were enriched
compared to surface water; ammonium-N, SRP, and nitrate-N were 269%, 174%, and 327% of surface
concentration, respectively. Sub-surface velocity was low (0.62 mm/s), but vertical exchanges were
pronounced. Interstitial oxygen was high in regions of infiltration (downwelling), and was generally
reduced in discharge regions (upwelling), but subsurface patterns were otherwise complex. Vertical
linkages between surface and hyporheic zones provide a mechanism for mutual influences. Chief
among these are replenishment of interstitial oxygen by downwelling (and enhancement of aerobic

respiration), and nutrient enrichment of surface water at upwelling sites.
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Hyporheic zones of streams and rivers have
received much attention as zoobenthic habitat
(Coleman and Hynes 1970, Stanford and Gaufin
1974, Williams 1984, Stanford and Ward 1988)
and as important sites for fish reproduction
(Pollard 1955, Hansen 1975, Johnson 1980).
However, less attention has been directed to
ecosystem structure and functioning of hypo-
rheic zones. Further, little is known about link-
ages between subsurface and surface systems
and how these regions may influence each oth-
er.

Research emphasizing the role of ground-
water in streams (Wallis et al. 1981, Hynes 1983,
Rutherford and Hynes 1987) has focused on the
interface of sub-surface and stream water in
terms of nutrient dynamics and organic carbon
processing. Sub-surface water may be high in
dissolved organic carbon (DOC) (Wallis et al.
1981, Rutherford and Hynes 1987, Crocker and
Meyer 1987, Ford and Naiman 1989) and
groundwater that enters streams may enrich or
dilute DOC depending on conditions in the
aquifer and processes occurring in the hypo-
rheic zone. Crocker and Meyer (1987) empha-
sized the role of hyporheic sediments in the
generation of DOC from in situ decomposition

hyporheic, oxygen, ammonium, nitrate, phosphate, sediment, organic matter, hy-

of particulate matter. Hyporheic water may also
be high in nitrogen and phosphorus (Grimm et
al. 1981, Triska et al. 1989, Carr 1989, Coleman
1989). Bencala (1984) reported that stream water
solute transport was strongly affected by intra-
gravel flow and that solutes were retained by
hyporheic sediments. Such processes of reten-
tion, production, and transformation may gen-
erate a chemical environment in the hyporheic
zone that is very different from that of surface
water.

Exchange between hyporheic and surface
stream water is a dynamic feature of streams
(Vaux 1962, 1968, Bencala et al. 1983, 1984,
Grimm and Fisher 1984, Jackman et al. 1984,
Kennedy et al. 1984, Savant et al. 1987, Thibo-
deaux and Boyle 1987). White et al. (1987) lo-
cated regions of hyporheic-surface exchange in
a Michigan river by mapping interstitial tem-
perature. Mestrov and Lattinger-Penko (1977,
1981) reported linkage between a Yugoslavian
river and sub-surface water of the hyporheic
zone. They emphasized that distinct regions of
the hyporheic zone were affected differently by
river pollution, indicating variable interaction
with surface water. Stanford and Ward (1988)
addressed hyporheic-river interaction in Flat-
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head River, Montana where food for abundant
hyporheic fauna, located many kilometers lat-
erad to the main river channel, may be supplied
by hydrologic exchange.

The degree and location of exchange between
hyporheic and surface water can be affected by
the distribution of surface flora (Hendricks and
White 1988). Conversely, the distribution of
various aquatic macrophytes may be linked to
occurrence of hydrologic exchange (Fortner and
White 1988). Coleman (1989) attributed large
mats of filamentous algae to nutrient rich in-
terstitial water just 5 cm beneath the benthic
substrata. The distribution and abundance of
this benthic flora may partially depend on nu-
trient supply from the hyporheic zone.

Sonoran Desert streams are characterized by
sparse canopies and broad channels. Streams
are generally ‘underfit’ in that wetted perime-
ters occupy only a portion of the stream chan-
nel. Channel sediments are composed of sand
to gravel size alluvium that is frequently re-
worked by flash floods (Graf 1988).

We define the hyporheic zone in Sycamore
Creek as the saturated sediments and interstitial
spaces of alluvial material underlying and lat-
eral to the wetted perimeter where sub-surface
and surface water are actively exchanged. Most
biologists have defined hyporheic zones based
on distribution of interstitial biota (Williams
and Hynes 1974, Williams 1984, 1989). Some
distinguish beween phreatic groundwater char-
acterized by particular taxa (e.g., Bathynella-
ceans, Pennak and Ward 1986) and the over-
lying hyporheic zone; others recognize a distinct
‘community’ in the saturated sediments of the
stream bank (‘parafluvial’ sensu Williams 1989).
We recognize that different faunal habitats
probably exist within the interstitial environ-
ment of Sycamore Creek (A. J. Boulton, E. H.
Stanley, H. M. Valett, Arizona State University,
unpublished data), but employ the above def-
inition to emphasize our focus on water flow
and its influence on physical-chemical features
of the hyporheic zone.

The hyporheic zone in sand-dominated sed-
iments of runs and pools is strongly influenced
by discharge, but boulder and cobble substrata
of riffles are more stable and flows competent
to move these materials are very large and in-
frequent. Results reported here characterize
portions of the hyporheic zone underlying re-
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gions of the stream that are affected by annual
flash floods (Fig. 1).

The influence of the hyporheic zone on stream
ecosystem function was addressed in Sycamore
Creek by Grimm and Fisher (1984). Based on
research at a single site they showed that hypo-
rheic sediment to be an important metabolic
component; apparently autotrophic conditions
were actually heterotrophic when sub-surface
components were included in measurements of
stream respiration. On a larger scale, flood-me-
diated changes in distribution and volume of
hyporheic zones through erosion and redepo-
sition of large sand deposits have strong effects
on whole-stream metabolism (Grimm et al., in
press, S. G. Fisher, unpublished data).

Including hyporheic zones as part of stream
ecosystems emphasizes functional linkages be-
tween the stream and sub-surface water. Re-
gions of exchange have been identified in Syc-
amore Creek, but litle is known of their
structure. Interstitial oxygen can be high (Grimm
and Fisher 1984), but long periods of succes-
sional recovery generate large amounts of ben-
thic organic matter that may affect interstitial
conditions. Interstitial water of Sycamore Creek
is high in inorganic nitrogen, but little is known
about patterns of nutrient distribution in the
hyporheic zone (Grimm et al. 1981, Grimm and
Fisher 1984).

Objectives of research presented here were
1) to describe physical and chemical conditions
in the hyporheic zone of Sycamore Creek, Ar-
izona and, 2) to characterize regions of linkage
between the hyporheic zone and stream sur-
face.

Study Site

Sycamore Creek is located 32 km northeast
of Phoenix, Arizona USA. Watershed area is 505
km? ranging from 2164 to 427 m elevation. The
stream flows ca. 55 km from ephemeral head-
waters to confluence with the Verde River. Lon-
gitudinal profiles of typical Sonoran Desert
streams reveal three distinct components:
ephemeral reaches high in the watershed; in-
termediate transitional sections; and usually dry
alluvial stream beds at low elevation. Through-
out the transitional region, water is alternately
forced to the surface by outcroppings of im-
pervious bedrock material or absorbed into
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Fic. 1. Diagrammatic representation of the hyporheic zone, Sycamore Creek, Arizona. Vertical scale is

exaggerated.

deeper regions of channel alluvium (Wertz
1963). Distinct reach types (runs, riffles, pools)
are easily discernable within a 12 km transi-
tional region of Sycamore Creek. At the time of
this study, runs occupied 45% of total stream
length within the transitional region. Riffles
were as abundant as runs, while pools repre-
sented 10% of total length.

A single site was established at each of three
runs at ca. 650 m elevation in the transitional
region. Surface flow was continuous but of vari-
able discharge at sites Il and III during the study.
Flow was intermittent at site I and streambed
sediments were often dry.

Methods

Morphometry of sandy runs was determined
with a series of permanent transects oriented
perpendicular to the longitudinal axis of the
stream and spaced 20 m apart. Surface topog-
raphy was determined in reference to a level

line between fixed points on each bank at each
transect location. Sand depth was measured by
sounding with a steel rod to boulder or bed rock
surface. Hyporheic profiles for each transect
were sketched on a graphics tablet and treated
as a collection of serial cross-sections. Total sand
lens volume and volume of the saturated zone
were calculated from distance between tran-
sects and integration of serial sections using a
digitized software program (PC3D®, Jandell
Scientific, 605 Koch Road, Corte Madera, Cali-
fornia 94925).

Hyporheic sediments were sampled using a
series of 72.5 cm® cylindrical plexiglass cores
(4.3 cm dia.). Sediment porosity (percent pore
space) was estimated as water volume in satu-
rated cores. Sediment size classes (small, <0.5
mm; medium, 0.5-5 mm; large, 5.0-9.5 mm; ex-
tralarge, >9.5 mm) were determined by sieving
after drying 48 hours at 60°C.

Physical-chemical features of the hyporheic
zone were investigated by sampling a series of



