CONDENSED REPORT OF ATTRIBUTES OF AN ALLUVIAL RIVER AND THEIR RELATION TO WATER MANAGEMENT: RELEVANCE TO THE UPPER GILA RIVER BASIN, NEW MEXICO
Reference quoted: Trush, W.J., S.M. McBain and L.B. Leopold, 2000. Attributes of an alluvial river and their relation to water policy and management, Proceedings of the National Academy of Sciences, 97.22.1158-1163.
Condensed by Rebecca M. Summer

Extracted Abstract: “Rivers around the world are being modified by dams [and diversions] to accommodate the needs of a rapidly growing population. These regulatory efforts usually oppose the natural tendency of rivers to flood, move sediment, and migrate.. [with] unforeseen and unevaluated cumulative ecological costs. Historic and contemporary approaches to remedy environmental losses have largely ignored hydrologic, geomorphic and biotic processes that form and maintain healthy alluvial river ecosystems. Several commonly known concepts that govern how alluvial channels work have been compiled into a set of “attributes” for alluvial river integrity. These attributes provide a minimum checklist of critical geomorphic and ecological processes derived from field observation and experimentation, a set of hypotheses to chart and evaluate strategies for.. preserving alluvial river ecosystems.”
“Alluvial river ecosystems persist through a complex, interacting array of physical and biological processes. For any impetus imposed on the river ecosystem, e.g. a recommended flow release, we should expect a response, e.g. scouring sand from a pool. The significance of an impetus will depend on an appropriate threshold beyond which a specific response is expected.. Rarely, however is a single impetus imposed on a river ecosystem associated with a single response.”

“The alluvial river attributes can help river managers identify desired processes, then help prescribe necessary impetuses based on useful empirical relationships and thresholds developed by river geomorphologists and ecologists.” 

Attribute No. 1. 

“The primary geomorphic and ecological unit of an alluvial river is the alternate bar sequence. [These sequences] are the basic structural underpinnings for aquatic and riparian communities in healthy alluvial river ecosystems.”
“The fundamental building block of an alluvial river is the alternate bar unit, composed of an aggradational lobe or point bar, and a scour hole or pool. A submerged transverse bar, commonly called a riffle, connects alternating point bars.”

Attribute No. 2.

“Each annual hydrograph component accomplishes specific geomorphic and ecological functions. Annual hydrograph components (including winter storm events, baseflows, snowmelt peaks, and snowmelt recession limbs) collectively provide the impetus for processes that shape and sustain alluvial river ecosystems. These components are uniquely characterized by year-to-year variation in flow magnitude, duration, frequency, and timing.. A subset of all processes needed to create and sustain alluvial river ecosystems is provided by each hydrograph component. Eliminate or alter the interannual variability of the hydrograph components, and the ecosystem is invariably altered.”

Attribute No. 3.

“The channelbed surface is frequently mobilized. Coarse alluvial channelbed surfaces are significantly mobilized by bankfull or greater floods that generally occur every 1-2 years. As streamflow rises throughout a winter storm and during peak snowmelt, a geomorphic threshold for mobilizing the channelbed surface is eventually exceeded. This flow threshold typically occurs over a narrow range of streamflow and varies spatially.. grains on the channelbed surface are mobilized many times a year, but sometimes not at all in other years..”
Attribute No. 4.

“Alternate bars must be periodically scoured deeper than their coarse surface layers. Floods that exceed the threshold for scouring bed material are needed to mobilize and rejuvenate alternate bars.. typically by floods exceeding 5- to 10-year annual maximum flood recurrences.”

Attribute No. 5.

“Fine and coarse sediment budgets are balanced. River reaches export.. sediment at rates approximately equal to sediment input rates. Although the amount and mode of sediment stored may fluctuate within a given river reach, channel-wide morphology is sustained in dynamic quasiequilibrium when averaged over many years.. A balanced coarse sediment budget implies bedload continuity, that is, the coarser particle sizes comprising the channel bed must be transported through alternate bar sequences.”

Attribute No. 6.

“Alluvial channels are free to migrate. During lateral migration, the channel erodes older flood plain and terrace deposits on the outside bend whereas it deposits sediment on the bar and flood plain on the inside bend.. the long-term result is maintenance of channel width. Migration is one of the most important processes creating diverse aquatic and terrestrial habitats: sediment and woody debris are delivered into the river and flood plains are rebuilt on the inside of the meander. That the stream has occupied numerous locations in its valley is evidenced by direct observations of its movement over time, and by indirect evidence obtained if one digs deeply enough into the flood plain.” 
Attribute No. 7.

“Flood plains are frequently inundated. Flood plain inundation typically occurs every 1-2 years. Flood plain inundation attenuates flood peaks, moderates alternate bar scour, and promotes nutrient cycling.. As water covers the flood plain, flow velocity decreases. Sediment begins to settle, causing fresh deposits of fine sands and silts on the flood plain. This deposition promotes riparian vegetation regeneration and growth.”
Attribute No. 8.

“Large floods create and sustain a complex mainstem and flood plain morphology. Large floods – those exceeding 10- to 20-year recurrence events – reshape and/or redirect entire meander sequences, avulse mainstem channels, rejuvenate mature riparian stands to early successional stages, form and maintain side channels, scour flood plains, and perpetuate off-channel wetlands, including oxbows.. Infrequent large floods are critical for sustaining channel complexity because they change river location and morphology on a large scale and prevent riparian vegetation from dominating the river corridor.”
Attribute No. 9.

“Diverse riparian plant communities are sustained by the natural occurrence of annual hydrograph components. Natural, interannual variability of hydrograph components is necessary for woody riparian plant life history strategies to perpetuate early and late successional stand structures. Native riparian plant communities characteristic of alluvial river are adapted to, and thus sustained by, a constantly changing fluvial environment.. A sustainable supply of large woody debris from the riparian zone ultimately depends on variable age classes of woody riparian vegetation and a migrating channel.”
Attribute No. 10.

“Groundwater in the valley bottomlands is hydraulically connected to the mainstem channel. When flood plains are inundated, a portion of surface runoff from the watershed is retained as groundwater recharge in the valley bottomlands. The river corridor is hydraulically interconnected. Groundwater in the floodplain is closely connected to mainstem flows and can be periodically recharged by mainstem flooding.”
Comment:
The information provided by Trush, McBain and Leopold is extraordinarily significant to free-flowing alluvial rivers such as the Upper Gila River. The complex and interactive processes of the river system are directly dependant on the natural tendency of the river to flood, move sediment and migrate across and over the existing flood plain. It is imperative that river managers and policy makers keep in mind the crucial fluvial assumption: native species (flora and fauna) have evolved with the natural flow regime over eons of time. Violating this assumption may result in hydrologic, biologic or geomorphic consequences that are difficult to reverse. A maintenance strategy based on the alluvial attributes may be the most practical means to preserve and sustain the Upper Gila River ecosystems for generations to come.
Rebecca M. Summer
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