Ecosystem Expansion and
Contraction i Streams

Desert streams vary in both space and time and fluctuate

dramatically in size
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verse and dynamic ecosystems.

Flow may vary between ex-
tremes, from high-discharge floods
to periods when surface water is
absent. Although much is known
about the role of floods in shaping
ecological processes, far less isknown
about the biological and chemical
changes that occur during periods of
water loss in stream ecosystems
(Boulton and Suter 1986, Stanley
and Fisher 1992). Nowhere is this
lack of knowledge more apparent
than in desert streams; these lotic
ecosystems exist in a setting defined
by water limitation, and periods of
declining or absent flow are com-
mon. However, water loss is by no
means unique to desert streams, be-
cause intermittent streams are found
in many different environments.
Moreover, escalating demands on a
~ finite water supply are increasing
- the likelihood of drying in streams
and rivers worldwide. Irrigation, im-
poundment, diversion, and ground-
water abstraction reduce streamflow
in mesic and xeric regions alike. In
arid and semiarid areas, large rivers
that are devoid of water are com-
mon, and in more mesic locales,
profligate water use decreases the
total amount of surface water present

Streams are hydrologically di-
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Models of streams
highlighting patch
structure, rather than
gradual transitions from
one zone to another,
emphasize the
importance of spatial
patterns of expansion
and contraction

and increases the likelihood that
water will be absent at certain times
and/or places, leaving the stream
bed exposed (Davies et al. 1994,
Postel 1992).

Documentation of water loss from
streams is a first, vital step toward
understanding how drying shapes
ecosystem structure and function.
Because drying is a spatially hetero-
geneous process, standard hydrologic
measurements, such as discharge (the
amount of water moving through a
cross-section of the channel per sec-
ond), are insufficient to describe
water loss in streams. Moreover, as
we demonstrate in this article, dif-
ferent patterns of drying can drive
different ecological changes. We
describe changes in surface water
distribution during both high- and
low-flow conditions in a Sonoran
Desert stream drainage. Our analy-
sis shows that streams are spatially

dynamic ecosystems that undergo
cycles of expansion, contraction, and
fragmentation; that conventional hy-
drologic measurements of water ve-
locity or volume passing a fixed point
represent only one aspect of hydro-
logic dynamism; and that change in
ecosystem size is a fundamental,
defining feature, not only of desert
streams, but also of all stream and
river ecosystems.

Hierarchical approaches to
stream studies

The general goals of ecological stud-
ies are to identify and describe pat-
terns in nature and to understand
both the underlying processes that
generate these patterns and their
larger-scale consequences. To this
end, many ecologists advocate the
use of a hierarchical approach to
describe and understand patterns in
large, complex systems (e.g., O’Neill
et al. 1986, Urban et al. 1987). A
system, such as a landscape, can be
characterized as a series of progres-
sively smaller subunits or patches
that have their own distinct struc-
ture and function. By dividing a large,
heterogeneous entity into smaller,
more homogeneous components,
complex spatial patterns can be ex-
amined at the spatial and temporal
scales at which they actually occur,
making these patterns easier to un-
derstand (Urban et al. 1987).

The complex physical structure
of a drainage basin is easily resolved
into a hierarchical classification of
subsystems (Frissell et al. 1986, Gre-
goryetal. 1991). For example, Grimm
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Figure 1. Hierarchical model of stream structure of the Sycamore Creek drainage,
showing four spatial scales and their corresponding patch types. (Modified from
Grimm and Fisher [1992].) Numbers indicate approximate spatial extent, in meters, of
patch types within each scale (e.g., runs, riffles, and pools are 10-100 m in length).

and Fisher (1992) described desert
streams as a system of patch types,
ranging from small particles, such as
stones and leaves, to entire drainage
systems. We use a modified version
of this scheme to demonstrate spa-
tial hydrologic dynamics in the Sy-
camore Creek drainage, which is in
Arizona’s Sonoran Desert. We focus
on four spatial scales, each com-
posed of its own unique patches of
similar size (Figure 1). These scales
are (from smallest to largest): reaches
(10'-10% m), sections (103 m), phases
(10* m), and finally the entire Sy-
camore Creek drainage itself (10° m).

Each spatial scale consists of two
or more distinct patch types or chan-
nel forms. Reaches occur as sandy,
shallowly graded runs, rock- and
gravel-filled riffles, or deep pools. Simi-
larly, sections can be either constrained
(i.e., with narrow channels and re-
stricted valley floors) or unconstrained
(i.e., with valley floors that exceed
100 m in width). The four phases are
defined by major changes in channel
slope and substrate. The upper boul-
der-bedrock phase is steep and, as its
name suggests, dominated by large
stones and bedrock. The canyon phase
is extremely narrow, with precipitous
hillsides and pools separated by abrupt
dropsinchannelelevation. The stream
then opens into the transitional phase,
which consists of a mixture of narrow
and broad, rocky and sandy channels.
The final patch type, the lower allu-
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vial phase, is found at the base of the
drainage and is characterized by ex-
tensive, deep alluvial deposits. At the
largest scale, the drainage itself con-
sists of two patches, the mainstem and
tributary channels.

Our consideration of spatial scales
ranging from tens of meters to sev-
eral kilometers in the Sycamore
Creek drainage not only reveals im-
portant hydrologic and ecological
information about each scale, but
also provides insights into between-
scale relationships. For example,
hierarchical models predict that pat-
terns occurring at larger spatial scales
constrain or control the characteris-
tics of smaller scales (Urban et al.
1987).We examine one such con-
straint on patterns of water loss and
consider how knowledge of con-
straints may be used to predict fu-
ture ecological states of the stream.

Desert streams as
model systems

Desert streams offer several advan-
tages as model systems for hydro-
logic and ecological research. First,
because they are characterized by
extremes in magnitude and variance
of discharge (McMahon 1979), hy-
drology plays a profound and funda-
mental role in shaping ecological
conditions in these streams. Second,
warm temperatures and abundant
sunlight foster high rates of produc-

tion; thus, changes in variables such
as primary production or inverte-
brate densities are often pronounced
and, therefore, easily detected. This
combination of extreme hydrology
and high productivity of desert
streams has been exploited to under-
stand the role of disturbance, such
as flash flooding, in shaping popula-
tion, community, and ecosystem pro-
cesses (e.g., Fisheretal. 1982, Grimm
1987, Meffe and Minckley 1987).
These same features make desert
streams equally amenable to under-
standing the importance of low-flow
dynamics in shaping ecological pat-
terns in lotic ecosystems.

A third advantage offered by
desert streams is that, unlike their
mesic counterparts, they can be ex-
amined easily at large spatial scales.
Because streams are relatively nar-
row, they are typically undetectable
with high-altitude (satellite) remote-
sensing techniques. Average stream
widths are often smaller than the
resolution of even the most powerful
satellites; thus, only riparian corri-
dors can be clearly recognized in
remotely sensed images (Muller et
al. 1993, Paris 1992). Moreover,
streamside vegetation often creates
a complete canopy over the channel;
as a result, the stream cannot be seen
from above, even from low-level air-
craft. Although data about charac-
teristics at large spatial scales can be
collected by ground-based tech-
niques, these approaches are ex-
tremely labor intensive. Conse-
quently, landscape-level research on
all but the largest lotic ecosystems is
typically restricted to examining pro-
cesses or activities occurring in the
surrounding watershed and then in-
ferring the potential effects of these
processes on the stream. Unlike their
mesic counterparts, however, desert
streams can. be seen clearly from a
low-altitude aircraft. Productive ri-
parian borders make channels a dis-
tinct green feature in a landscape of
muted colors. Flash floods carve out
broad, sandy channels, and under
normal conditions, surface flow oc-
cupies only a fraction of the total
channel width. Dark bands of water
are clearly visible against the lighter
sediment background, even from
great distances. Hence, these fea-
tures of desert streams make large-
scale investigations feasible.
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