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Table 2. Attributes of various, wetland habitats of the American Southwest discussed in text. 

Attributes 

Altitude (m) 

Drainage position 

Climatic factors 

Basin physiography 

Flow classification 

Discharge characteristics 

Channel structural control 

Position in channel 

Surface water ephemerality 

Adjoining hillslopes 
characteristics 

Edaphic factors 

>2,000 

headwaters 

complete winter snow cover 

alternate freezing I thawing 

low-relief, broad depressions 

lotic or lentic (depression) 

no scouring floods 

little 

bank to bank 

perennial to briefly ephemeral 

extensive soil development 

conifer forest 

little exposed bedrock 

soils saturated, may dry 
seasonally 

Cienegas Riverine Marshes 

1,000-2,000 <1,000 

headwaters and low-order streams high order streams 

brief hillslope snow cover only no snow 

occasional insignificant freezing no freezing 
(brief edge ice only) 

relatively narrow valley floor Broad alluvial valleys distantly 
bounded by Basin and Range-type bounded by mountains 
mountains 

lotic lotic 

low probability of scouring floods higher probability of scouring 
floods 

relatively tight by bounding ranges 

along edge, leaving narrow 
channel or may cover channel 

perennial 

extensive soil development 

semi-desert or Plains I Great 
Basin grasslands or Madrean 
Evergreen woodland 

little exposed bedrock 

soils permanently saturated 

little, bounding ranges distant 

edge, backwaters, oxbows; 
substantial open water 

perennial 

alluvial, desert soils 

subdivision of Sonoran nf',O,,"1rtor-rnh 

large amount exposed bedrock 

soils permanently saturated 

soils seasonally anoxic-reducing soils perennially anoxic-reducing lower levels soil anoxia-oxidizing 

Vegetation 

Grazing 

Relative longevity 

high organic content in soils 

low percolation rates 

low, emergent sedges; grasses; 
riparian shrubs (Salix, Alnus) 

naturally and by livestock 

long 

surface-groundwater intersection moves upstream 
(Fig. 24C). Aggradation in cienegas produces increased 
gradients downstream which stimulate incision, so that 
alternating cienega and arroyo, as described by early trav­
elers, would be predicted. 

Historical information further indicates an tendency 
toward occurrence of low-statured, sedge-dominated, 
cienegas in headwaters, and tall-sedge dominated riverine 
marshes along lower elevation, higher order channels 
with flow. To some extent the pattern persists 
today. We propose that these two communities inter­
graded, interdigitated, and blended in a spatially and tem­
porally dynamic manner along the drainage gradients in 
response to numerous variables. 

At a yet undefined and dynamic point where stability 
sufficient for cienega maintenance is lost due to increased 
watershed size, cienegas give way to riverine marshes, 
assuming presence of perennial water. Release of channels 
from tight structural control of valley-bounding ranges 
also appears to be a factor in this transition. Riverine 

high organic content in soils 

generally low percolation rates, 
but may be inter-bedding of 
coarser lenses 

low, emergent sedges; riparian 
trees (Salicaceae) 

naturally and by livestock 

intermediate 

lower organic content in soils 

higher percolation rates 

tall, emergent vegetation 
(Typha, Pmagrnites) 

largely ungrazed 

short 

marshes were common in oxbows and backwaters of large 
rivers such as the Gila where it was perennial in the 
alluvial Phoenix and Safford valleys. Similarly, such 
marshes occurred along the lower Rio San Pedro and, 
were associated with the Rio Santa Cruz and Cienega' 
Creek on the broad, alluvial Tucson formation. The dis­
tribution of cienegas in these same systems is 
with narrower valleys and tighter structural l-UU.·W 

found further upstream. 
We propose that riverine marshes are and were main­

tained as transitory communities predictably removed by 
catastrophic flooding resulting largely from winter rain­
fall and runoff, or dried by channel migration across val­
ley floors. Being short-lived, such marshes do not accU-" 
mulate large amounts of organic material, and soils are 
less anaerobic than older organic soils. Greater discharges, 
of higher order channels under natural conditions also 
tend to maintain less anaerobic soils through greater per- ' 
colation rates. Hypothesized ecological and hydrological 
attributes of these related communities are summarized 
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in Table 2. On larger, impounded rivers where water deliv- River Continuum Concept outlined by Vannote et al. 
eries are constant, dams replace cienegas as water storage (1981) is thus largely inappropriate. Formerly, under less 
reservoirs and regulators of discharge. Extensive riverine variable, continuous flow regimes associated with wide-
marshes persist today below such ameliorating structures spread cienega-marshland communities, its principles 
IMinckley and Brown, 1982; Ohm art et al., 1975; Ohmart may have been more applicable. Yet, the downstream pro-
and Anderson, 1982). gression from cienega to riverine marsh communities 

Biological Significance of Cienegas. Within an evolu- remains based on a gradient of increasing instability, still 
tionary or geological time frame, cienegas are transitory, in violation of River Continuum principles. Subterranean 
and as such biotas obviously endemic to them have not processes carried out largely by bacteria in streambed 
evolved. However, their frequent association with springs, alluvia are certainly important in these systems and we 
which commonly have associated endemi.cs as a result of expect will prove to be principal factors determining 
greater permanence, and their role as refugia.for Tertiary what products are exported downstream. Export by sur-
and Recent species incapable of survival in the recently face discharges may be only temporally important. 
evolved, ephemeral arid-land systems, endow them with a Perpetuation of cienega habitat will require mainte-
level of reliction not found in other local aquatic sys- nance of permanent groundwater and a balance between 
terns. In this way cienegas are similar to springs of Death aggradation and degradation. Permanence achieved by 
Valley, Great Basin, Chihuahuan Desert, and elsewhere, pumpage, with attendent fluctuations and other disrup-
where relicts of Pluvial lakes and streams find refuge. tions, will scarcely achieve the cienega climax. Nor will 
This is especially evident in hydrobiid molluscs. These check dams and other erosion control devices unless they 
are minute, operculate, apulmonate snails of the genera intersect barriers to groundwater flow. Ideal structures 
Tryonia and Fontelicella, which have living r~presen- will seal alluvial cross-sections of drainageways near 
tatives in most spring-fed cienegas discussed here (J. J. headwaters, inducing bank and channel storage and caus-
Landye, Flagstaff, AZ, pers. comm., 1982). Certain fishes ing intersection of flowing groundwaters and surface. 
also are characteristic of cienega formations. Thick- Anaerobiosis of sediments will then occur, and the 
bodied chubs of the genus Gila are more abundant in cienega habitat should build to mound over the perennial 
cienegas than elsewhere. In our study area these include reach. Ultimately, sediments may build to allow local 
Gila intermedia, whose distribution in Gila River basin II climatic" change in access by aquatic/ semiaquatic spe-

- (Minddey, ·1973;Rinne;--t~76)ToneSporrds-1fhnost·exactly- - . -cies-to-pereflllial-wateI,aIitl· Saeaton-I M@.squite-commu--
to that of cienega habitat in the San Simon, San Pedro, nities will appear. Maintenance of open waters for verte-
and Santa Cruz basins. Gila purpurea may be the corre- brates such as fishes, and to provide diversity equivalent 
sponding species in the Rios Yaqui, Matape, and Sonora to that in historic cienegas, may require artificial deepen-
systems (Hendrickson et al., 1980). The endangered ing or control of some vegetative components by 
Sonoran topminnows (Poeciliopsis o. occidentalis, P. o. unnatural means such as local dredging or limited live- . 
sonoriensis) are now essentially restricted to cienegas and stock grazing. 
springs in the United States (Meffe et al., 1982, 1983). The present scattered distribution of cienegas makes 
Large river fishes such as Colorado Squawfish, Razorback them aquatic islands of unique habitat in an arid-land 
Sucker (Xyrauchen texan us), Roundtail Chub (Gila matrix. Among rapidly disappearing aquatic habitats of 
robusta), and others, were associated with riverine the Southwest, cienegas have a definite potential for per-
marshes in the San Pedro and Gila rivers when greater petuation, and should be given high priority as a unique 
and more stable discharges were maintained. Aggra- remnant of our natural heritage. 
dation in downstream parts of the San Simon and 
Santa Cruz rivers presumably excluded these last species. 

Southwestern streams, in both past and present condi­
tions, are unique in many ways. They differ from Euro­
pean and Eastern U. S. systems where most theory of 
stream ecology has been developed, and aspects in which 
they differ are critical in determining spatial and tem­
poral attributes of succession. Surface flows in more 
mesic regions are continuous and increase in volume and 
stability downstream. In the study region, surface flows 
maintained by bedrock in headwaters sink into alluvial 
fills or disappear from evapotranspiration downstream. 
Perennial surface discharges on lower valley floors may be 
present only where impervious dikes intersect alluvial 
aquifers. These streams are heterogeneous systems that 
display temporal and spatial discontinuities of disjunct 
surface discharges and intervening dry reaches. 

Contrary to the situation in more mesic areas, unpre­
dictability of flow continuity precludes development of 
biotic communities dependent on and stabilized by 
import from upstream communities. Application of the 
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