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Summary

The delta of the Colorado River has been partially revegetated

by the discharge of flood waters and agricultural drain water from

the United States to Mexico during the last twenty years.  The

current flood plain encompasses approximately 60,000 ha (150,000

acres) of riparian forest, emergent marsh and intertidal wetland

ecosystems.  The flood plain represents a large natural area amidst

agricultural and urban development.  The dominant woody species

throughout the delta flood plain, as elsewhere on the lower Colorado

River, is the exotic shrub, Tamarisk ramosissima (salt cedar). 

However, large areas of Populus fremontii - Salix gooddingii

(cottonwood - willow) native gallery forest have reestablsihed in the

riparian zone, while agricultural drain water from the United States

supports emergent Typha marshland containing endangered bird and fish

species.  The flood flows of the past twenty years also appear to

have stimulated the shrimp catch and other elements of the marine

ecosystem in the upper Gulf of California.  The delta ecosystems

currently contain more high-quality wildlife habitat than the stretch

of river from Grand Canyon to Morelos Dam in the United States.  The

water requirements to maintain these ecosystems appear to be modest

(less than 1% of the total river flow).  The needs of the delta

ecosystems should be taken into account in management plans to

maintain and enhance the riparian ecosystems of the lower Colorado
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River.
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Introduction

This report summarizes information on the effects of fresh

water flows from the United States on the riparian and marine

ecosystems of the Colorado River delta in Mexico (Figure 1).  There

has been little formal, scientific documentation of the Colorado

River delta ecosystems since Sykes (1937).  The report is based on a

variety of sources of information, including published reports,

government documents, unpublished data and personal observations. 

Some of the information is from reports and manuscripts still in

preparation or review.  The interpretations and conclusions offered

in this report are mine and not necessarily those of the scientists

and others who provided information.

The Colorado River delta in Mexico contains thousands of

hectares of habitats that have become rare along the river in the

United States (Glenn et al., 1996; Valdes et al., 1998).  These areas

are relevant to the United States' conservation interests for two

reasons.  First, the delta is an essential component of the lower

Colorado River riparian zone, which stretches from the Grand Canyon

in Arizona to the Gulf of California in Mexico.  Any scientific

management plan for the recovery of the Colorado River must include

the delta even if it is separated from the rest of the river by an

international border.  Second, the delta ecosystems are almost

entirely supported by waste water flows or flood releases from the



3 

United States.  Therefore, United States water management agencies

directly impact these habitat areas by controlling the flow of water

across the border.  U.S. water releases into the Gulf of California

not only benefit the riparian habitats, they also appear to stimulate

productivity in the marine ecosystem which supports important

fisheries and endangered species (Galindo-Bect et al., 1998).  

As with other desert rivers (Stanley & Warne 1993; Snead 1987;

Leichenko & Wescoat 1993; Hart et al. 1990), the lower Colorado River

ecozones have been severely disrupted by dams, flow diversion for

agriculture and channelization of the river bed (Briggs 1996; Busch &

Smith 1995; Stromberg & Patten 1991; Szaro 1989). Increases in river

bank salinity and other alterations of the riparian zone have favored

the establishment of invasive, salt tolerant species (Glenn et al.,

1998). Along most of the river the native gallery forests of

cottonwoods (Populus fremontii) and willow (Salix goodingii) have

been replaced by the introduced shrub, salt cedar (Tamarix

ramosissima), with a resulting loss in habitat for native fauna

(Ohmart et al. 1988).   

In recent years an effort has been made to remediate some of

the damage to the riparian zone in the United States (Anderson and

Ohmart, 1985; Briggs, 1996).   A multispecies conservation program

that is presently limited in scope to the mainstem of the River from

Lee’s Ferry, Arizona to the Southerly International Boundary with



4 

Mexico is being developed by the United States Department of the

Interior and stakeholders in Arizona, California and Nevada (Worthly,

1998).  The marsh and riparian habitats along the U.S. stretch of

river are now regularly monitored (M. Balogh, U.S. Bureau of

Reclamation, Boulder, Colorado) and taken into account when water

management decisions are taken (United States Bureau of Reclamation,

1996).  No official recognition is given to the delta ecosystems in

Mexico, however.

Finding water to use for riparian restoration projects in the

United States is difficult, as the Colorado River now serves

approximately 23 million people in the southwest United States,

northwest Mexico and the southern California coastal plain.  As a

result, most of the restoration projects in the United States are of

limited size (less than 100 ha)(Anderson and Ohmart, 1985).  They are

also expensive to implement and do not always produce the desired

results (Briggs 1996).  By contrast, the delta ecosystems described

in this report are primarily maintained by waste water and flood

flows and with proper management they can be sustained at relatively

low cost in terms of money or water.  

Water flows to the delta

Since the filling of Lake Powell behind Glen Canyon Dam in

1981, large volumes of water have been released to the Colorado River
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delta during wet years on the watershed (Figure 2)(flow information

supplied by International Boundary Water Commission and U.S. Bureau

of Reclamation, Yuma, Arizona).  From 1977-1997 releases to the delta

and the Gulf of California have averaged 3,550,000,000 m3 yr-1

(2,800,000 acre-ft), for a total of 71,000,000,000 m3 (56,000,000

acre-ft), which is about 20% of the total amount of water that flowed

in the river below Lee’s Ferry over those years.  There were

substantial flows in 10 of the 20 years.  However, the largest

releases were in the early 1980's, and flows after 1986 have been

more sporadic and of much lower volume.  The releases have been

associated with wet years on the watershed due to El Nino events in

1982-83, 1992-1993 and 1997-1998.  The 1993 flows were due to flood

releases from Painted Rock Dam on the Gila River, but all other flows

were releases from Lake Mead on the Colorado River.  The U.S. Bureau

of Reclamation has proposed new regulations and projects, including

off stream storage of water and privatization of the Welton-Mohawk

Irrigation District which are likely to reduce such flows,  without

considering the impact on the delta ecosystems (U.S. Bureau of

Reclamation, 1997).

Agricultural drain water from the United States also enters the

delta via the MODE canal carrying water pumped from the shallow

aquifer in the Wellton-Mohawk Irrigation District in Arizona (Glenn

et al., 1992; Burnett et al., 1993).  This water began to flow in
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1977 and averaged 160,000,000 m3 yr-1 (127,000 acre-ft) containing

2,000-3,000 mg L-1 salts (approximately 15% of ocean salinity) from

1978-1997.  Although this has been a fairly constant source of water,

the trend has been towards lower volumes and salinities of water over

the years due to lower pumping rates in the district and lower

salinities of the groundwater.  This water is discharged onto a

depression on the eastern shore of the delta north of the town of El

Golfo de Santa Clara where it has created the Cienega de Santa Clara,

a brackish wetland.  The Cienega forms an evaporation basin with a

limited connection to the Gulf of California (Burnett et al., 1993).

These combined flood releases and waste flows have had the

unplanned effect of revegetating a large portion of the delta below

the agricultural fields in Mexico, and of revitalizing the marine

zone during years of runoff (Glenn et al., 1996; Galindo-Bect et al.,

1998).  The following sections document the effects of these river

flows on the riparian and wetland ecosystems of the delta and on the

shrimp catch in the northern Gulf of California, which is taken as an

indication of productivity in the marine ecosystem.  A final section

estimates the river flows needed to sustain these ecosystems into the

future.

Revegetation of riparian and wetland habitats in the delta 

Prior to resumption of flows in the Colorado River beginning in



7

1979, the riparian zone of the river from Morelos Dam to the junction

with the Rio Hardy was apparently a dry ecosystem, dominated by

widely spaced Prosopis (mesquite) trees (based on inspection of 1972

aerial photographs and interviews with residents; Carlos Valdes,

unpublished data).  Below the junction of the two rivers the channel

has been perennial, due to the discharge of agricultural drain water

from the Mexicali Valley and tide water entering from the Gulf of

California.  A natural dam 35 km (21 miles) north of the mouth of the

river created a flooded area of approximately 35,000 ha (88,000

acres) below the junction of rivers (Payne et al., 1992).  This dam

was swept away by the floods of the early 1980's and today there is

no permanent water except in the river channel below the junction

(Payne et al., 1992; Glenn et al., 1996).  However, the overflow

water during flood years has created a vegetated riparian zone of

approximately 60,000 ha (150,000 acres) stretching from Morelos Dam

to the intertidal zone of the Gulf of California (Valdes et al.,

1998)(Figure 1).  The flood plain is enclosed within protective,

earth levees on the east and west sides which prevent flooding of the

agricultural fields.  This area includes the woody vegetation along

the main stem of the river as well as the wetland habitats in the

southeastern portion of the delta that receive agricultural drain

water.

The flood plain and associated vegetation have been mapped
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using satellite imagery, low-level aerial videography and ground

surveys (Valdes et al., 1998).  The image analysis was based on

interpretation of two, 1997 Thematic Mapper satellite images, one

acquired February 21 when approximately 100 m3 s-1 (3400 cubic ft. s-

1) was flowing to the sea but the vegetation response was at its

annual minimum, and the other acquired July 15 when the river was not

flowing but the vegetation response was maximal (Figure 3).  Spectral

analysis by the Soil Adjusted Vegetation Index (SAVI) method (Huete,

1988) mapped the vegetation by biointensity class.  The riparian

vegetation along the main stem of the river was divided into 4

classes, R1-R4, where R1 was the highest biomass intensity class and

R4 the lowest.  R1 vegetation formed a multilayered closed canopy

whereas the R4 class was sparse vegetation separated by bare soil. 

The SAVI analysis also recognized two emergent wetland classes,

consisting of vegetation and open water.  These were designated W1

and W2 where W1 had higher biomass intensity than W1.  The analysis

also differentiated intertidal areas vegetated with Palmer's

saltgrass (Distichlis palmeri), and open water areas.  Based on

ground surveys and low-level, aerial videography, the riparian zone

was divided into 7 zones based on the type of vegetation present, and

within each zone the intensity of vegetation was delineated using

SAVI analysis (Figure 4).  The acreage of each intensity class and

the dominant species in each zone are in Table 1, which also assigns
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the R1 vegetation of each zone into one of the six vertical structure

classifications recognized by Anderson and Ohmart (1986).  The

species composition and vertical structure class were used to

estimate the density of resident and migratory summer birds that the

R1 habitats could support (Anderson and Ohmart, 1986)(Table 1). 

Approximately half of the 60,000 ha (150,000 acres) of flood

plain area was covered with high biomass intensity vegetation (R1 or

W1)(Figure 4, Table 1).  Three types of habitats dominate the delta: 

1) deciduous, riparian forest along the main stem of the river; 2)

saltgrass flats in the intertidal zone; and 3), emergent (flooded)

wetlands supported by agricultural drainage water.  A more detailed

description of each zone follows.

Description by zones

Zone 1 extends along the river for approximately 10 km (6

miles) south of Morelos Dam.  Most of Zone 1 was not included on the

satellite images so the vegetation was mapped using ground surveys

and low-level, aerial photographs taken July 1, 1997 (United States

Bureau of Reclamation, Yuma Projects Office, Arizona).  This zone is

narrow and contains 170 ha (425 acres) of dense Salix goodingii

(willow) thickets, with occasional specimens of Populus fremontii

(cottonwood).  Most of the willows are under 4 m (13') and appear to

be the result of 1993 flooding, but some trees are as tall as 15 m
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(50') and appear to date back to the floods of the early 1980's. 

This zone is classified as Type III in terms of vertical structure,

as it is dominated by midstory vegetation with little understory or

overstory development.

Zones 2 and 3 are wider than Zone 1 and the R1 vegetation is

classified as open and closed gallery forest dominated by the

cottonwood-willow association (the native riparian forest association

of the Colorado River).  They contain approximately 1500 ha (3750

acres) of this habitat, most of which is in Zone 3.  The trees are in

different size classes that appear to correspond to floods of the

1980's (trees up to 15 m) and 1993 (trees up to 5 m). In places there

are extensive carpets of cottonwood and willow seedlings establishing

along the river banks, apparently from winter flood releases of 1997.

The flood plain widens in Zones 4 and 5 after the junction with

the Rio Hardy, and the river divides into numerous subsidiary

channels that rejoin into a single channel in Zone 6 as the river

approaches the sea.  The R1 vegetation in Zone 4 totals approximately

5200 ha (13,000 acres) and is a mix of mesquite, cottonwood-willow

and Tamarisk ramosissima (salt cedar).  Mesquite and salt-cedar

dominate the flats away from the river channels, whereas cottonwoods

and willows line the river banks.  By contrast, the 6000 ha (15,000

acres) of R1 vegetation in Zone 5 is a near-monoculture of salt

cedar.  Salt cedar is more salt tolerant than cottonwood or willow
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(Glenn et al., 1998), and the floodplain becomes increasingly more

salt-affected as the river approaches the sea.  This is partly from

the intertidal influence, which extends 56 km (34 miles) from the

mouth of the river due to the high tides of the northern Gulf of

California (Payne et al., 1992), and partly from the discharge of

saline agricultural drain water into the river via the Rio Hardy

system.  Zone 6 is too saline even for salt cedar, and the dominant

vegetation along the river banks is 442 ha (1105 acres) of Distichlis

palmeri (Palmer's saltgrass).  This is the only endemic grass in the

Sonoran Desert, and the grain was harvested by the Cocopah people

(Kniffen, 1931).

Zone 7 is not directly connected to the mainstem of the river,

but it contains the Cienega de Santa Clara, supported by drain water

from the MODE (85%) and Riito (15%) canals which originate in the

Wellton-Mohawk and San Luis irrigation districts, respectively

(Burnett et al., 1993).  This wetland contains 4200 ha (10,500 acres)

of emergent vegetation dominated by Typha domengensis (cattail) with

8 other hydrophytes occurring as subdominants (Zengel et al., 1995). 

It supports endangered Yuma clapper rails (Eddleman, 1989) and desert

pupfish (Zengel and Glenn, 1996) as well as significant wading bird

shallow-water habitat (Mellink et al., 1996, 1997).  Zone 7 also

contains El Indio wetland, supported by drainage water from San Luis

(volume unknown) and El Doctor wetlands, supported by natural
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artesian springs (Zengel et al., 1995).  These are smaller wetalnds

than the Cienega de Santa Clara and much of the vegetation is

classified as R1, because they tend to be dominated by salt cedar and

mesquite rather than emergent plants.  Zone 7 also contains 377 ha

(940 acres) of Palmer's grass in the intertidal zone below Cienega de

Santa Clara (Zengel et al., 1995).

Effect of Colorado River flows on the marine zone

The northern Gulf of California is a sensitive marine

ecosystem, now receiving some protection as part of the Biosphere

Reserve of the Upper Gulf of California and Colorado River Delta

(Morales-Abril, 1994).  It contains two U.S. and international listed

endangered species, the vaquita porpoise and totoaba fish.  It

supports shrimp and finfish fisheries on which the economies of San

Felip, El Golfo de Santa Clara and Puerto Penasco have traditionally

been based.  Local fishermen have suspected for many years that the

fish and shrimp stocks are dependent on flows in the Colorado River

(R. Cudney, University of Arizona Department of Renewable and Natural

Resources, master's thesis in preparation).  The resumption in flows

since 1979 has allowed a test of the relationship between river flows

and the shrimp catch at San Felipe, the nearest fishing port to the

mouth of the river from which long-term data are available (Galindo-

Bect et al., 1998).
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  Both shrimp catch and number of trawlers have declined

significantly over the last 20 years (Galindo-Bect et al., 1998). 

From 1977-1998 the San Felipe catch declined from a peak of

approximately 700 MT (770 tons) in 1984, to under 300 MT (330 tons)

in 1993, while the number of trawlers decreased from 62 to 22 from

1981-1998 (the years for which data are available).  The catch per

unit effort (CPUE), estimated by dividing the catch by the number of

trawlers, varied from 5 to 15 MT (6 to 17 tons) per trawler due to

changes in the structure of the industry with no evident time trend. 

The total annual landings were significantly correlated with flow in

the river (Table 2).  The strongest relationship was between shrimp

catch and the log of the previous year's river flow; the equation

describing this relationship is Catch (metric tons per year) = 207 +

93 x log Previous Year’s River Flow (millions of cubic meters).  The

lag between river flow and shrimp catch is expected, since shrimp in

the northern Gulf of California require approximately 1 year to reach

harvest size.  The logarithmic relationship shows that increased

volumes of flow yield diminishing returns of shrimp catch.  For

example, the 1997 flow of approximately 1,000,000,000 m3 yr-1 (800,000

acre-ft) will potentially increase the 1998 shrimp catch to 486

metric tons (535 English tons) in 1998, while a ten times greater

flow would only increase the catch to 580 metric tons (637 English

tons).
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The mechanism by which the shrimp catch is stimulated by river

flows is not understood.  The upper Gulf of California is high in

nutrients even in the absence of flow, hence inflow of nutrients is

probably not the mechanism (Hernandez-Ayon et al., 1993).  The

estuarine zone, including the intertidal portion of the river

channel, may provide a protected, low-salinity nursery area for

larval shrimp and fish fry when the river flows, into which predator

fish cannot penetrate(Day et al., 1989).  Fishery data for El Golfo

de Santa Clara from 1988-1998 show that the corvina catch has

increased by a factor of ten, and the catch increased most after the

river flows of 1993 (J. Carlos Barrelas, SEMNARP, private

communication).  Similarly, according to preliminary data from a

CONACYT study, vaquita and totoaba in the estuarine zone may be more

numerous in years following flooding (Silvia Manzania, private

communication).  The information compiled to date indicates that

additional and comprehensive studies on the effects of Colorado River

flooding on the marine ecosystem are warrented. 

Comparison of delta ecosystems with the lower Colorado River

ecosystems in the United States

We compared Zones 1-5 in Mexico to the riparian zone of the

Colorado River in the United States from Davis Dam to Morelos Dam

(Anderson and Ohmart, 1986; M. Balogh, U.S. Bureau of Reclamation,
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Boulder, Nevada)(Table 3).  (We redefined our habitat classes in

Table 1 to fit those currently in use by the U.S. Bureau of

Reclamation, hence Tables 1 and 3 are not exactly comparable).  The

vegetated, flood plain area in Mexico is 59,401 ha (150,000 acres)

compared to 34,096 (84,000 acres) in the United States (1997 data, M.

Balogh, U.S. Bureau of Reclamation, Boulder, Nevada).  Zone 1

contains the most significant acreage of willow thickets left on the

river.  Zones 2 and 3 contain 1,480 ha (4000 acres) of native,

cottonwood and willow gallery forest, considered to be the most

valuable type of riparian habitat (Ohmart and Anderson, 1988).  Zone

4 contains an additional 5,199 ha (11,000 acres) which are dominated

by salt cedar but on which cottonwoods, willows and mesquites are

present.  By contrast, the U.S. river stretch contains only 100 ha

(250 acres) of gallery forest and only 1460 ha (3600 acres) of land

on which cottonwoods and willows are present at 10% or greater

abundance.

Bird density has not been investigated in detail in the

riparian habitat of delta, but the species composition in the

Mexicali Valley is similar to the lower Colorado River in the United

States (Ruiz-Campos and Rodriguez-Merez, 1997).  Based on the

relationship between bird density and habitat type on the U.S.

stretch of river (Anderson and Ohmart, 1986), the delta can

potentially support 68,000 resident and 49,000 non-resident summer
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birds in the R1 vegetation of Zones 1-5.  Additional bird habitat is

provided in the lower-intensity vegetation zones (R2-R4 classes). 

The delta emergent wetlands (W1 and W2 vegetation classes) total

6,553 ha (14,500 acres), compared to 4,186 ha (12,000 acres) of

wetlands along the Colorado River in the U.S.  They may provide the

largest remaining habitat for the endangered Yuma clapper rail

(Eddleman, 1989) as well as habitat for other nesting (Mellink et

al., 1996) and non-breeding waterbirds (Mellink et al., 1997) at this

critical interface between the riparian and marine ecosystems.

Water requirements of the delta ecosystems

Figure 2 shows that the flows to the delta since 1979 have been

extremely variable in timing and magnitude.  Hence, any conclusions

about the water requirements of the delta ecosystems based on these

historical flows will be imprecise.  The following recommendations

are based on inference rather than direct evidence.  

Timing of floods.  The longest period without water since 1979

has been the five year period 1988-1992; over that time there was a

marked decline in vegetation vigor as determined by inspection of

satellite images showing the summer vegetation response (Glenn et

al., 1996).  On the other hand, inspection of the delta in 1997-1998

(Valdes et al., 1998) showed that the vegetation was dominated by

midstory trees that appeared to have germinated in 1993.  These trees
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survived 3 years without river flows (1994-1996).  Hence, flows

sufficient to induce overbank flooding throughout the riparian zone

are needed at least every 4 years just to maintain existing

vegetation.  Flooding at 3 year intervals could enhance the riparian

zone futher, by stimulating greater germination of native tree

species and washing salts from the river banks to discourage salt

cedar growth in Zones 4 and 5.  Spring and summer releases may have

the most simulatory effect on riparian growth and the marine

ecosystem, but the available evidence suggests that even winter and

fall releases are beneficial.  

Magnitude of floods.  The 1997-1998 flood releases were small

compared to earlier releases, but satellite images and low-level,

aerial overflights showed that the releases totaling 400,000,000 m3

(320,000 acre-ft) from February to April, 1997, at 50-100 m3 s-1

(1700-3400 cubic ft s-1) were of sufficient magnitude to flood the

entire 60,000 ha (150,000 acres) of flood plain between the levees,

and to contribute runoff into the Gulf of California and into Laguna

Salada, a below-sea-level depression west of the delta.  Further, the

1997 floods produced the vigorous vegetation response analyzed in the

July 15, 1997 satellite image, and stimulated extensive germination

of cottonwood, willow and salt cedar trees throughout the flood

plain.  Hence, we conclude that releases of this magnitude are

probably sufficient to maintain the riparian vegetation.  Larger
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floods may extend the acreage of native riparian forest especially in

Zone 4, which contains mixed vegetation, by reducing salinity and by

scouring salt cedar from the channels and flats (Stromberg and

Patten, 1991). Larger floods would likely stimulate the shrimp

landings to a greater extent than smaller floods, though with

diminishing returns (Galindo-Bect et al., 1998).

Annual maintenance flows.  A defect of the current hydrological

regime with respect to ecosystem management is the lack of perennial

flow below Morelos Dam.  A small annual base flow in Zones 1-3 where

most of the native riparian forest has reestablished would also allow

reestablishment of fish and would provide a constant water source for

birds and mammals (Ohmart and Anderson, 1988).  This area contains

about 10% of the total R1 vegetation of the flood plain, hence it

could likely be maintained with 10% of the flow required every 3-4

years, or 40,000,000 m3 yr-1 (32,000 acre-ft). 

Estimated minimum water requirements.  The minimum water

requirement (annual maintenance flow + 4 year, overbank flood flow)

calcualtes to be 520,000,000 m3 (112,000 acre-ft) over fours years,

or an average of 130,000,000 m3 yr-1 (112,000 acre-ft) which is much

less than 1% of the annual base flow in the river (20,000,000,000 m3

yr-1 or 16,000,000 acre-ft).  It is also far less than the flows that

have been released since 1979 (3,550,000,000 m3 yr-1 or 2,800,000

acre-ft).  Although more water would further improve the habitat,
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what is most critically required is not more water, but water

delivered on a reliable schedule, and a commitment that water can be

released at critical intervals to support the newly established

habitats of the delta.  Similarly, the wetlands maintained by

agricultural drainage water from the United States do not require

additional water, they only require that the current flows from

Wellton-Mohawk continue into the future, or that they are replaced by

water of similar quality and quantity.

Conclusions and Recommendantions

The Colorado River delta contains about twice as much riparian

habitat as the stretch of river from Davis Dam to Morelos Dam in the

United States.  It supports much more native riparian habitat in

Mexico than the United States stretch of river, and supports unique

habitats for water birds due to its proximity to the sea.  Most of

these habitats are maintained by waste water flows and recent flood

releases from the United States.  Judging by shrimp landings, the

flood flows appear to have a significant, positive effect on the

marine ecosystem, possibly by providing low-salinity habitat in the

estuary which may afford shrimp larvae and fish fry protection from

euryhaline predator species.  Sustaining these ecosystems will

require that a very modest flow of water be set aside for their

maintenance, as discussed above.

Currently accepted principles of conservation biology and
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watershed management require that an ecosystem such as the lower

Colorado River be managed as a whole rather than fragmented into

artificial units (Christensen et al., 1996).  The detla wetland and

marine ecosystems provide unique and valuable habitats which could be

maintained and improved with low expenditure of money and water. 

Most of the water which today enters this ecosystem is flood and

waste water, while the land area is regarded as unusuable for

agriculture due to susceptibility to flooding, yet the combination

has produced more prime riparian habitat than the stretch of river in

the United States.  A broad-based, multispecies conservation program

for the river that does not adequately consider the delta will not be

regarded as scientifically sound and will fail to consider what are

probably the most significant and cost-effective aquatic and riparian

conservation opportunities in the lower Colorado River basin.  Hence,

all interests would be served if the existing lower Colorado River

multispecies conservation program took the lead in forging an

international consensus on the need to conserve the ecosystems of the

Colorado River delta and upper Gulf of California in Mexico.  A

cooperative international agreement assuring sufficient quantities of

water, delivered at the right time, is needed to conserve the delta

and norther Gulf of California ecosystems for future generations.


