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Chapter 2
Environmental History

Dan Scurlock, Wingswept Research, Albuquerque, New Mexico

HISTORIC PERIODS
Spanish Colonial A.D. 1540-821
Mexican A.D. 1821-1846
Territorial A.D. 1846-1912
Statehood A.D. 1912—present

INTRODUCTION

Humans are a major component of the environ-
ment, and all human activities impact the environ-
ment, which includes other humans. Researchers
have only recently focused on spatial and temporal
impacts of historic human activities on the land and
water of the Middle Rio Grande Basin. Interrelation-
ships of these and the effects of periodic severe cold
periods, early or late frosts, droughts, insect infesta-
tions, and other “natural disasters” such as epidemic
diseases, earthquakes, fires, and floods have been
minimally explored but not systematically studied.
Furthermore, the equally complex history of plant
and animal introductions and extinctions by humans,
although generally understood, still need additional
research of their temporal and spatial occurrence and
impact on other biotic components. Finally, the role
of world view exhibited by various groups as related
to environmental impact, change, and future resource
management needs must be considered.

Various groups in the Middle Rio Grande Basin
ecosystems have greatly affected the processes and
evolution of plant and animal communities during
the historic period, A.D. 1540 to the present. The
human-generated impacts and changes, through ac-
tivities such as farming, hunting, ranching, mining,
logging, stream impoundment, and recreation, have
affected ecosystems’ structure, function, and eco-
dynamics over the past 450 years. Some of these ac-
tivities have reduced vegetative cover and, combined
with periodic droughts and fires, have resulted in
high rates of surface run-off due to precipitation and
associated erosion. Silt from this process has, gener-
ally, increased through time and the resulting impacts
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onriparian plant and animal communities have been
severe in places such as the Middle Rio Grande Val-
ley and Rio Puerco. Other impacts such as introduc-
ing exotic speciés of plants, animals, and toxins, di-
verting water for irrigation, and constructing dams
have also brought dramatic changes to riparian eco-
systems. This chapter summarizes human impacts
and their interaction with the Middle Rio Grande
Basin.

OVERVIEW OF ENVIRONMENTAL HISTORY

Climate

Weather records dating from the late 19th century
to the present indicates that most of the region (ex-
cluding the mountains) is a continental plateau with
arid to semi-arid climate. Salient characteristics in-
clude an average annual precipitation below 15
inches; high solar radiation; low relative humidity;
moderate, but wide ranges of diurnal /nocturnal and
seasonal temperatures; and high evaporation and
transpiration rates (Taft 1980: 1; Tuan et al. 1973: 185—
189). In the higher mountain ranges flanking the river
valley, adjacent mesas, and foothills, subhumid and
humid climatic conditions prevail. Average annual
precipitation is higher, up to 30 inches; in contrast to
the lower elevations of the region, not all available
moisture is evaporated or transpirated (Tuan et al.
1973: 192-195). Higher winds and lower seasonal
temperatures occur here also.

Almost half of the average annual precipitation for
the Rio Abajo falls from July to September or during
the growing season (Tuan et al. 1973: 30, 33, 50). Pre-
cipitation fluctuates widely about the mean, and most
summer rain is of high intensity and associated with
thunderstorms. Average annual precipitation ranges
from 7.25 inches at Pefia Blanca to 8.31 inches at Las
Cruces (Gabin and Lesperance 1977: 114, 327-364).
Mean monthly (July) high temperatures for the Rio
Abajo range from 76.2° F at Pefia Blanca to 82.2° F at
Las Cruces. Mean lows (December) for these two lo-
cations are 31.1° F and 37.6° F. The growing season



ranges from 189 days at Cochiti to 198 days at San
Marcial (Bennett 1986: 46-47).

Winds in the summer are predominantly south-
erly, in the winter they are northerly, and in the spring
northwesterly to southwesterly. March and April are
the windiest months; Albuquerque averages 16 se-
vere dust storms during this two-month period
(Bennett 1986: 42-45; Tuan et al. 1973: 111).

Detailed climatic records before 1850 are limited,
although tree-ring data provide some understand-
ing of climate fluctuations and long-term patterns.
Chronicles of Hispanic expeditions, missionary re-
ports, and some government documents from the
Colonial Period (A.D. 1540-1821) mention or describe
some weather phenomena such as droughts, floods,
severe cold, and deep snow. These environmental
factors influenced or directly impacted many activi-
ties, notably travel, agriculture, livestock raising,
warfare, hunting, and gathering. Drought and oth-
erwise sporadic short-term and long-term precipita-
tion were significant limiting factors and were inter-
related with such environmental conditions as soil
erosion, decreases in wildlife populations, changes
in plant community species density and composition,
and changes in surface water hydrology.

Extended cold winters, or shorter periods of be-
low normal temperatures associated with high winds
and snow (blizzards) and above normal snowfalls,
had significant impacts. Events of these kinds com-
monly occurred during the “Little Ice Age,” which
gripped New Mexico from about the mid-fifteenth
to early 19th centuries. Adverse effects of this cold
period included human fatalities, crop and livestock
losses, and general unrest and suffering. The warm-
ing period and relatively frequent droughts that fol-
lowed, especially from the 1860s to the 1950s, ad-
versely impacted ranching economics, farming eco-
nomics, and human population shifts and trends.

No comprehensive systemic study has been made
of scientifically recorded climatic records, which date
from the late 1840s to early 1900s in the Middle Rio
Grande Basin. Associated data, such as stream flow
records of the last 120 years or so, are just now being
synthesized and analyzed. Comparative climatologi-
cal data from tree-ring studies await attention as well.

In general, local climate and available construction
materials dictated selection of building materials,
with terron, or sod blocks, extracted from riverine
wetlands, adobe bricks and/or stone used in the
lower to mid-range elevations, and logs used in the
higher, temperate, mountain locations.
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Floods

Floods, due either to spring runoff resulting from
the melting mountain snowpack or from intense
summer rains, have played a significant environmen-
tal role in the Rio Grande’s hydrology and associ-
ated land-use activities during the historic period.
Before the construction of major flood control struc-
tures on the upper Rio Grande and major tributaries
in the 1930s, late spring and summer flooding of
stream valleys was common. Maintenance of vari-
ous climax plant communities was, in part, depen-
dent on these seasonal floodwaters. This relationship
will be discussed later in this chapter.

Reports of adverse impacts of these floods on Rio
Grande Pueblos date as early as 1591, when De Sosa
visited a flooded Santo Domingo village (White 1935:
12). Destruction of mission churches and farmlands
was the most commonly documented impact of
flooding during the Colonial Period.

Droughts

Probably the singlemost significant climatic factor
affecting human populations negatively during the
historic period was drought. Occurring regionwide,
droughts damaged or destroyed crops and range-
lands, devastated wildlife populations, and depleted
water supplies. These impacts sometimes resulted in
widespread loss of human life and the shifting of
human populations. For example, the dry years of
1561-90, 1640, and 1663-69 contributed to or caused
the abandonment of pueblos along the Galisteo
drainage and in the Salinas Province (Abo, Quarai,
and Gran Quivira) (Hackett 1937: 17; Schroeder 1972:
48; Vivian 1964: 153).

Historical documentation from the mid-seven-
teenth century to the late 19th century corroborates
analyses of more recent detailed weather records,
which suggest the occurrence of a major drought in
the region every 20 to 25 years (Tuan et al. 1973: 64).
These periodic droughts, increasing use of surface
and ground waters, and intensive grazing have gen-
erally resulted in dramatic changes in the flora. These
changes will be discussed later in this chapter.

Fire

Wildfires caused by lightning are a common phe-
nomenon from July to September. American Indians
used fire as one method of clearing the bosque for



cultivation. Woodland and range fires in the Rio
Abajo were not suppressed until this century. In the
prehistoric and historic periods, American Indians
burned grasslands and woodlands to drive game
animals to a location where they might be more eas-
ily killed, as well as to stimulate new plant growth
(Cooper 1960: 138; Harris 1966: 416).

Woody shrubs and small tree species such as
fourwing juniper, saltbush, and pinyon encroached
on semi-desert grasslands near the valley as a result
of fire suppression. Range fires usually kill small
woody species, while grass regeneration is stimu-
lated. Removal of dense stands of dry grasses by
overgrazing also reduced available fuel for range fires
and decreased competition from grasses, allowing
propagation and growth of woody plants (Harris
1966: 416—418; Lymbery and Peiper 1983: 14-15). In-
terestingly, Josiah Gregg (1966: 202) in 1844 suggested
that the grasslands of the Southwest would eventu-
ally be replaced by shrubs and trees due to suppres-
sion of range fires.

Infectious Diseases

The impact of introduced European diseases such
as smallpox on American Indians has been relatively
well documented in New Mexico; more Indians died
of epidemics in the Colonial Period than from any
other single cause. These serious maladies contrib-
uted significantly to unrest in the province, some of
which resulted in several Pueblo revolts in the 1600s
and increased raiding by nomadic Indian groups. The
latter phenomenon was related to severe, extended
drought conditions in the 1640s, 1660s, and 1770s to
early 1780s, and it produced the most catastrophic
periods of conflict and war in the Colonial Period.
The annual Pueblo calendar of religious events was
interrupted, and socioeconomic systems were frag-
mented due to these two environmental factors.

RESOURCE USE IN THE SPANISH COLONIAL
AND MEXICAN PERIODS

The Spanish brought with them new technologies
and many new domesticated plants and animals that
had a decisive impact on Pueblo, Navajo, and Apache
diet and landscape. Introduced livestock included
sheep, goats, horses, mules, burros, oxen, cattle, hogs,
and chickens. Introduction of metal tools such as the
axe, which made cutting green wood easier and
faster, as well as iron-tipped plows and weapons, had
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an increasingly significant adverse impact over time
on habitats of native fauna, flora, and soils. New culti-
gens included wheat, barley, cabbage, onion, lettuce,
radish, cantaloupe, watermelon, and several species
of fruit trees, as well as native Mexican Indian crops
such as chile, cultivated tobacco, tomato, and new
varieties of corn and beans. Some introduced non-
cultigens, such as alferillo and horehound, became
established in fields and other disturbed areas.

Spanish Colonial settlement land use patterns gen-
erally were similar to those of the indigenous, sed-
entary American Indians in the region (the Pueblos).
Settlers chose land with good soils along or near
water sources that could be used for ditch irrigation,
domestic water, and livestock watering. The commu-
nity land grant system used in northern New Mexico
accentuated this pattern, with the principal concen-
tration of settlers in a plaza, watered by an acequia
madre-sangrias, fed by streams or springs, and with
agricultural fields stretching between the acequia
madre and the river or stream source. Irrigation farm-
ing of some lands led to salt buildup. in soils, and
clearing lands impacted local plants and animals.

Spanish villagers constructed dwellings at the up-
per ends of their fields, above the acequias, forming a
settlement pattern resembling a string of beads, or
cordillera. Often this occurred on the north slope of
the river valley, to take advantage of solar radiation
in the colder months.

Ejidos, or the common lands of grants, were the
sources for wood (for building as well as fuel), build-
ing stone, and grasslands as summer forage for live-
stock. Hunting and gathering activities also occurred
in the ejidos. Commonly hunted animals included
deer, elk, and rabbits. Fuelwood, building stone and
wood, medicinal plants, and edible plants were col-
lected in these areas as well. The cycle of adverse
impacts on biotic communities in these areas, which
would greatly accelerate in the Territorial Period, was
put into motion in the Spanish Colonial era.

After the Spanish-Comanche Peace of 1786 gave
some respite to conflicts with nomadic Indians, the
ciboleros, or buffalo hunters, who had adopted the
annual fall hunting tradition of the Pueblos, increased
their trips onto the eastern plains from the Middle
Rio Grande Basin. An estimated 12,000 bison were
harvested annually from this time into the first half
of the 19th century. Combined with the market for
buffalo robes created by Anglo traders after 1821,
virtually all the buffalo were exterminated or driven
from the eastern plains of New Mexico.



Limited mining in the Colonial Period by both Span-
iards and Pueblos impacted local areas. The best known
of these locales are the turquoise and lead mines in the
Cerrillos area and north of the Sandia Mountains. Pin-
yon, juniper, and oak were cut for “smelting” fuelwood,
mining timbers, and structures. Some local water pol-
lution was generated by these mining activities.

During the Mexican Period, some of the effects of
settlement and land use on the natural environment
were recorded by both government and ecclesiasti-
cal officials. Overgrazing around old settlements and
nearby valley and upland rangelands, begun in the
Colonial Period, intensified. Some of the choice graz-
ing areas in the region were cienegas and other wet-
lands, which were heavily impacted by livestock
during this period. Livestock trails turned into lin-
ear arroyos, and silt-laden run-off increased.

Padre Martinez of Taos complained about the ef-
fect of both hunting and trapping on the wild ani-
mal populations of the traditional use areas of Taos
Pueblo and the Jicarilla Apaches. Trappers, includ-
ing some Mexican and newly arrived Franco- and
Anglo-Americans, began intensively harvesting bea-
ver pelts in the rivers and streams throughout north-
ern, central, and southwestern New Mexico in the
early 1820s. Beaver populations were quickly deci-
mated overall in the region and even extirpated in
some streams; in response, the Mexican government
issued a moratorium on trapping in 1838.

Anglo-American traders, such as the Bent broth-
ers, directly contributed to the decimation of fur ani-
mals across southern Colorado and northern New
Mexico. American Indians, especially nomadic
groups such as the Plains Indians, eagerly hunted
and trapped to obtain goods offered by traders. With
this focus on hide harvesting and processing, day-
to-day and season-to-season elements of their way
of life were disrupted.

Around the gold, silver, and copper mines in the
Ortiz, Sandia, and Jemez mountains, the land was
denuded of trees by wood cutters to make support
timbers and charcoal for the mines. The relatively
sharp increase in livestock numbers, especially sheep,
during this period was due to the growth in mining
markets to the south in Mexico (and later Califor-
nia). This intensive and widespread grazing resulted
in loss of vegetative cover in various locales. Grass
shortages on Spanish land grants led, in part, to en-
croachment of Mexican flocks and herds on Pueblo
crop and range lands, erosion of hillsides, and the
siltation of river and stream beds.

15

RESOURCE USE IN THE TERRITORIAL PERIOD

The arrival of relatively large numbers of Anglo-
American military personnel, ranchers, and settlers,
beginning in 1846, had a significant impact on New
Mexico’s environment. Although these groups did
not introduce many new domesticated plants and
animals, their implementation of more intensive
land-use patterns, coupled with a new technology,
increasingly contributed to the ongoing erosion of
hillsides and siltation of river beds, as well as the
extermination or reduction of several animal species.
Military forts, mining camps, and railroad construc-
tion made heavy use of natural resources such as trees
for both building and fuel supplies, harvesting of
native grasses for “hay,” and killing local game, such
as grizzly bears, black bears, bighorn sheep, deer, elk,
pronghorn antelope, and several species of birds for
food and sport. Major stream pollution occurred at
many mining sites, killing associated fauna and flora
and poisoning water supplies. Many of these min-
ing sites were abandoned, leaving open pits and
shafts and toxic spoil deposits. Air quality was also
negatively impacted by the railroad and mine smelt-
ers. These technologies were the first serious sources
of noise pollution in the Territorial Period.

Early saw mills in or near such settlements as Santa
Fe, Taos, and Albuquerque resulted in the first ex-
tensive clearcutting of forests. As a result, soil ero-
sion was accelerated at these locales, and habitat loss
contributed to the reduction of game animal popu-
lations.

The growth of the range cattle industry in New
Mexico after the Civil War led to increased grazing
of grasslands. Cattlemen employed a strategy of se-
curing sections of the public domain having water
sources to control larger areas for grazing. During
the mid-1880s, a severe winter followed by a drought
and another cold winter led to the massive reduc-
tion in livestock numbers and ultimately the range
cattle industry. After the introduction of barbed wire
and windmills, open range gave way to fenced pas-
tures. Overgrazing along streams, at other wetland
sites, and at windmill tanks occurred.

Anglo ranchers, unlike Native and Hispano Ameri-
cans, suppressed range fires. This action, combined
with overgrazing, caused native plant species such
as broomweed, cholla, prickly pear cactus, sage-
brushes, and less desirable grasses to spread and in-
crease on pristine grasslands. The exotic Russian
thistle and several introduced grasses also prolifer-



ated. Consequently, the carrying capacity of New
Mexico’s rangelands was reduced significantly dur-
ing this period.

Intensified irrigation farming impacted stream
hydrology and increased salinization and waterlog-
ging of soils in the Middle Rio Grande Basin in the
late 19th and early 20th centuries. This resulted in
the loss of thousands of acres of agricultural land by
the early Statehood Period and was a factor leading
to the creation of the Middle Rio Grande Conser-
vancy District in 1926. The drainage systems, dams
and reservoirs, and levees which followed produced
anew set of environmental problems, such as a rapid
drop in shallow ground waters, flooding of habitat,
and diminution of native bosques, all of which have
only recently begun to be addressed.

Toward the end of the 19th century, homesteaders
claimed and farmed much of the public domain, with
population growth centered in central and eastern
New Mexico. They plowed virgin shortgrass plains
and dry-farmed crops such as broom corn, milo,
maize, and pinto beans. These newcomers also raised
livestock on their small claims, which generally con-
tributed to overgrazing, and in some areas these land-
use practices contributed to the environmental im-
pacts which resulted in the Dust Bowl of the 1930s.

Railroads were both influenced by and, in turn,
affected the environment in several adverse ways.
Topography, in particular the requirement for low
grades and the need for water for steam engines ev-
ery ten miles, played a significant role in the choice
of route. Rail routes generally followed stream val-
leys, causing damage to riparian biotic communities
and polluting streams. Train engines were often the
cause of range or forest fires (ignited by ashes and
sparks) and other environmental changes.

Railroad construction also impacted forests
(mainly for ties and locomotive fuel) and streams
(siltation from exposed soils). Animal populations
were subjected to additional pressures as commer-
cial hunters harvested meat animals to feed the rail-
road construction crews. Deer, pronghorn antelope,
and elk were the main game species; elk populations
were eradicated in some areas.

Hot springs, long visited by both American Indi-
ans and Hispanics, were used for medicinal and rec-
reational purposes; often Anglo promoters built ho-
tels or spas near the springs, and some lobbied suc-
cessfully for a railroad connection. Cold water
springs were tapped for irrigation, domestic use, or
livestock water. Many springs were impacted, both
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in terms of water quality and quantity. Some no
longer flow today due to intensive mining of water
and periodic droughts.

Commercial, subsistence, and sport hunters dur-
ing the late 19th and early 20th centuries had sharply
reduced or exterminated populations of native game
animals such as pronghorn antelope, elk, bighorn
sheep, and Rio Grande turkey. This over harvesting
resulted from the lack of regulatory game laws, more
efficient firearms and ammunition, an increasing
number of hunters, and a philosophy that there
would always be wild animals of any kind to hunt.
In response, the New Mexico Game and Fish Depart-
ment was created by the territorial legislature in 1904.
Both state and federal regulatory laws were subse-
quently passed. These regulatory actions supported
by hunters went on to help restore populations of
many native game species.

RESOURCE USE IN THE STATEHOOD PERIOD

During the preceding period farmers, ranchers,
and the general hunter population had killed large
numbers of predators, notably the grizzly bear, gray
wolf, Mexican wolf, coyote, and mountain lion. Be-
ginning in the second decade of this century state
and federal agencies joined in an effort to extermi-
nate the grizzly and the two wolf sub-species. By the
1930s, they had almost eradicated two of the three; a
few Mexican wolves survived in extreme southwest-
ern New Mexico until the 1950s.

Under the management of federal and state agen-
cies, several animal species (bighorn sheep, elk, and
wild turkey) were reintroduced to wildlife preserves
established at various locations in the 1920s through
1940s. At a later time the Game and Fish Department
introduced the ibex, barbary sheep, and oryx. Some
wildlife specialists view these animals as detrimen-
tal to indigenous species such as the bighorn sheep.

Other exotic animal species and many plants were
introduced and naturalized during this period and
became, or have become, ecological-economical prob-
lems by the 1950s. These species were either inad-
vertently or purposefully introduced. Some of the
introduced animals included the Norway rat, house
mouse, burros, horses, and several species of amphib-
ians and fish. The most troublesome plants are tree-
of-heaven, Russian olive, Russian thistle (tum-
bleweed), Siberian elm, and tamarisk.

During the New Deal, a massive effort at refores-
tation and environmental conservation was initiated



through several programs, most notably the Civil-
ian Conservation Corps (CCC), the Grazing Service,
and the Soil Conservation Service. The Grazing Ser-
vice was merged with the General Land Office and
became the Bureau of Land Management in 1934.

With the passage of the Antiquities Act of 1906, a
number of outstanding natural and archeological
areas were set aside for preservation management
by the National Park Service and the Forest Service.
Also, the state legislature created the New Mexico
Parks Commission, later renamed the State Park and
Recreation Commission, and some “natural” areas
were established under its administration.

In the last three decades several federal and state
agencies, as well as private organizations, have as-
sumed responsibilities for restoring and managing
indigenous ecocultural resources through biore-
mediation, restoration, and/or preservation. Progress
has been made, but much remains to be done to re-
store overgrazed rangelands and riparian areas, to
stop leaching of toxic materials from historic mining
sites, to arrest soil erosion in intensively grazed and
logged locations, to increase populations of rare and
endangered plants and animals, to foster continuance
of traditional ecocultures, and to improve water qual-
ity in all of these areas. The burgeoning population
and attendant development contribute to and exac-
erbate the adverse environmental impacts of the past
and produce new problems for all New Mexicans
today.

LITERATURE REVIEW

Only those sources, published and unpublished,
that specifically focus on the environmental history
of the Middle Rio Grande Basin are briefly reviewed
here. Generally, little investigation has been directed
at the interrelationship of humans and their biological-
physical environment. Most striking is the lack of a
reconstruction of the climatic regime and its impact
during the historic period. Although fire suppression
is usually regarded as adversely affecting species
composition, in fact the relationship of natural and
incendiary fires to biotic communities is not suffi-
ciently understood. Some recent fire history studies,
such as those by Baisan (1993) and Foxx (1981) for
the Sandia and Manzano mountains do, however,
provide starting points and direction.

No serious attempts have been made to identify
and document all introduced plant species into the
region and their impact. There are, however, many
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studies on the environmental history and ecological
impact of tamarisk (Campbell and Dick-Peddie 1964;
Crawford et al. 1993; Harris 1966; Robinson 1958,
1965).

General histories of human populations and the
river are found in: Baker et al. (1988); Calvin (1934);
Gilpin (1949); Kelley (1952), Sargeant (1987), Sargeant
and Davis (1986), Schroeder (1968, 1972, 1979), Tucker
(1992), and Welsh (1985). Eastman et al. (1971) have
published a paper on attitudes toward land, and
Oberg (1940) focused on cultural factors and land-
use planning. '

Finally, there are a number of archival guides and
references for the study region: Beers (1979), Bureau
of Land Management (1979), Burger (1990), Chavez
(1957), Colley (1972), Gallacher (1986), Jackson and
Teeples (1978), Jenkins, Simmons and Martinez
(1967), Jenkins (1968, 1969, 1970), National Archives
and Records Service (1973), O’Connor (1989), Rex
(1991), and Tyler (1984).

Data on human demography in the historic period
for central and northern New Mexico include:

Pueblo: Dozier (1983), Earls (1992), Simmons (1979a
and b), Thornton (1987);

Spanish: Bailey and Haulman (1977), Carroll and
Haggard (1942), Jones (1979), Nostrand (1992),
Olmstead (1975, 1981) Tainter and Levine (1987); and

Anglo: U.S. Census Bureau (1850-1990).

Overviews of the late prehistoric-historic Pueblos
in the basin, which address settlement patterns and
land-water use, are found in Abbink and Stein (1977),
Cordell (1979), and Riley (1987). Hodges (1938) re-
ported on irrigation water supply for each Pueblo.
DuMars et al. (1984) have published an in-depth
study of Pueblo water rights. Ford (1972) has done a
detailed view on the regulatory role of ritual systems
in counteracting environmental crises and stressful
periods of Eastern Pueblos and their environment.
Studies on the environmental adaptations of Zia and
Tewa Pueblos also have been published (Euler 1954;
Ford 1972, 1987). An early 20th-century study of the
relationship of Rio Grande Pueblos and valley physi-
ography was conducted by Hewett et al. (1913).
Hewett and Dutton (1945) published a general study
of Pueblos and their physical surroundings. Zubrow
(1974) produced a published study of the interrela-
tionships of population, climate, and contact with
Euroamericans on the historic Pueblos. His work,
including construction of a deductive model, found
that from post—1800 to the recent past the Pueblos



experienced some resource-related problems due to
Spanish and Anglo encroachment and resource us-
age. The historical data used by Zubrow, although
limited, corroborate Puebloan subsistence difficulties
during this period.

Maruy studies on the interrelationships of Hispanic
and Anglo land-water use and management from
1846 to the recent past have been published. Briggs
and Van Ness (1987), deBuys (1985), Harper et al.
(1943), and Hernandez et al. (1971) have addressed
Hispanic land grantees and their resources. Meyer
(1984) has published an in-depth overview of His-
panic use of water, focusing on community use, wa-
ter rights, irrigation, and litigation. Other settlement
pattern-resource use studies have been conducted by
Kelley (1955), Maes and Fisher (1937), Moir et al.
(1971), Simmons (1972, 1974), Sunseri (1979), Tainter
and Levine (1987), and Westphall (1983). Historic
management studies have been produced by
Rothman (1992), among others.

Many reports and papers on water control and
management exist for the basin. Some of the general
ones, including treatment of problems and issues, are
Albuquerque National Trust and Savings Bank
(1936), Burkholder (1928), Clark (1987), Dortignac
(1956, 1963), Follansbee and Dean (1915), Forsling
(1950), Hay (1972), Linford (1956), Nickerson (1945),
and Wortman (1971). Follett (1898) and Yeo (1910)
wrote a report on the conditions of water control sys-
tems in the Middle Rio Grande with emphasis on
water use facilities and irrigation. Welsh (1985) has
published a paper on management of the Middle Rio
Grande Basin water resources by the U.S. Corps of
Engineers.

The earliest written descriptions of the Middle Rio
Grande Basin, albeit general, were, of course, the
Spanish, beginning with Coronado in 1540 and oth-
ers in the late 1500s (Hammond and Rey 1940, 1966).
Other early colonial (to 1680) observers include
Vargas (Bailey 1940; Kessell and Hendricks 1992),
Benavides (1965), and Hodge et al. (1945). Observa-
tions on the general environment from Spaniards in
the 18th and early 19th centuries are found in Adams
(1954), Adams and Chavez (1956), Carroll and Hag-
gard (1942), Hackett (1937), Kessell (1992), and
Simmons (1982).

There are numerous journals and diaries of Anglo
explorers, settlers, military personnel (Abert 1962;
Bell 1965; Calvin 1968; Davis 1982; Frazer 1981; Gregg
1966, Pattie 1966; Wislizenus 1969) and state and fed-
eral resource investigators (Bailey 1913; Bryan 1927,
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1928; Burkholder, 1928; Cockerill et al. 1939;
Cooperrider and Hendricks 1937; Follansbee and
Dean 1915; Hodges 1938; Ligon 1927; Maes and Fisher
1937; Matthew 1897; Middle Rio grande Conservancy
District 1928; Poore 1893; Pynch et al. 1911; and
Wooton 1908) describing landscape, water, fauna,
flora, etc., dating from the mid and late 1800s and
the early 1900s. These provide the first relatively de-
tailed descriptions of fauna and flora, floods, graz-
ing, farming, and mining in the region. Some include
the first illustrations, drawings, lithographs, and
photographs of fauna, flora, farming activity, etc. The
first detailed maps of the region appear with early
U.S. Army reports. Scurlock (1988b, 1988c, 1993a, 1993b)
has used many of these sources in recent publications.

A major study of irrigation system development
from the late prehistoric period to 1945 in the Rio
Grande Valley was prepared by Wozniak (1987) for
the Historic Preservation Division. Evidence is pre-
sented to show that irrigation was a major influence
in the “development and character of New Mexico
society in the Rio Grande Valley from 1700 to the early
1900s.” Wozniak’s report also deals with government
reclamation projects and related socioeconomic
changes since the early 1900s. Simmons (1972) has
addressed Spanish irrigation practices for the basin.
A major unpublished study on water use and devel-
opment in New Mexico after 1846 was written by
Linford (1956), including discussion of federal and
state water projects.

A voluminous work on historic water use in the
state, primarily on the sociopolitical and manage-
ment aspects, was authored by Ira Clark (1987). R.E.
Clark (1958) has produced a paper on water law and
traditional Pueblo and Hispanic communities. Re-
ports on water statistics, irrigation, drainage, etc.,
have been published by Burkholder (1928), Follett
(1898), Middle Rio Grande Conservancy District
(1928), Poore (1893), Pynch (1911), Welsh (1985, 1987),
and Yeo (1910).

Fritts (1965), Gabin and Lesperance (1977),
Scurlock (1994), Swan (1977), Taft (1980), Tuan et al.
(1973), and Zubrow (1974) have all published reports
on historic climate and human interrelationships
with climatic events in central New Mexico.
Zimmerman Library has many volumes of published
U.S. Weather Bureau records from the late 1800s for
the region.

River hydrology and morphology, including
floods, are found in Bryan (1927, 1928), Bowen and
Sacca (1971), Carter (1953), Calkins (1937), Crawford



et al. (1993), Sargeant (1987), Sargeant and Davis
(1986), and Scurlock (1993b). Land grant records,
early government documents, and early maps, pho-
tographs, aerial photos, etc. contain untapped infor-
mation on these topics.

Historic and recent flora are treated in Allen (1984),
Bailey (1913), Brown (1982), Cooper (1960), Crawford
et al. (1993), Dick-Peddie (1993), Freehling (1982),
Gross and Dick-Peddie (1979), Harris (1966), Hink
and Ohmart (1984), Manthey (1977), Leopold (1951),
Minckley and Rinne (1985), Robinson (1958), Scurlock
(1988a, 1993a and b), Van Cleave (1935), Watson
(1912), and Wislizenus (1969). Data on the use of in-
digenous plants by the Pueblos are found in Hewett
and Dutton (1945). Spanish use of native woods is
found in Jones (1932).

The only historical vegetative studies of the re-
search region using paired photographs have been
done by Klett et al. (1984) and Sallach (1986). There
are, however, several studies of the surrounding re-
gion that will serve as models for paired photo re-
search in the Middle Rio Grande Basin (Athearn 1990;
Baars and Buchanan 1994; Bureau of Land Manage-
ment 1979; Humphrey 1987; Rogers 1982, 1984;
Veblen and Lorenz 1991; Zaidliez 1979). A major
drawback in using historic photographs is that even
the earliest images date after major vegetation
changes caused primarily by intensive grazing and
fire suppression had occurred.

Faunal studies of protohistoric sites in the basin
contain data on vertebrate species present and their
usages by American Indians. A few of the more im-
portant ones are Akins (1987), Crawford et al. (1993),
Marchiando (1977), Sublette et al. (1990), and Young
(1980). For the historical period, there are data on
mammals recorded by Allen (1903), Bailey (1971),
Carroll and Haggard (1942), Gregg (1966), Findley
et al. (1975), Ligon (1927), Linford (1967), Matthew
(1897), Moore (1986), Pattie (1966), and Warren (1942).
Historical data on birds are found in reports by Abert
(1962), Bailey (1928), Freehling (1982), Henshaw
(1875), Hubbard (1978), and Ligon (1927, 1961). The
works of Koster (1957) and Sublette et al. (1990) con-
tain historical data on Rio Grande fish, as does
Crawford et al. (1993).

Livestock numbers and grazing are covered by
Baxter (1987), Baydo (1970), Carlson (1969), deBuys
(1985), Denevan (1967), Eastman and Gray (1987),
Rothman (1989), Rowley (1985), Smith (1953), and
Wooton (1908). A survey of ranches and farms is
found in Cockerill (1959) and Cockerill et al. (1939).
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Siltation and erosion problems related to intensive
grazing are discussed in Bryan (1927), Cooke and
Reeves (1976), Denevan (1967), Dortignac (1956,
1963), Harper et al. (1943), Nickerson (1945), Pynch
et al. (1911), Wooton (1908), and Yeo (1910).

This investigator (Scurlock 1993b) has written an
overview of environmental history of the Rio Abajo
(the Rio Grande Basin from La Bajada-Cochiti to San
Marcial) for the Biological Interagency Team of the
Middle Rio Grande Bosque Management Project
(Crawford et al. 1993). Scurlock (1988c; 1993¢) has
also published papers on the historic environment
of the Camino Real and changes in the Middle Rio
Grande bosque, and co-authored two regional stud-
ies of northwest and southwest New Mexico which
included some environmental history (Scurlock
1988a; 1991). A monograph manuscript of an over-
view on the environmental history of pinyon-juniper
in the Southwest was recently completed and is being
reviewed for possible publication (Scurlock 1993a).

RESEARCH NEEDS, STRATEGIES, AND GOALS

Extant and new historical and archeological data
may provide the environmental context and baselines
to address the following problems:

1. Need a better understanding of the long-term
responses of ecosystem components—soils, nu-
trients, water, flora, and mycorrhizae—to past
and present perturbations caused by climate
change, fire, herbivore grazing, irrigation and
dry farming, logging, fuelwood harvesting, and
other human activities. Secondarily, these his-
torical data will shed light on how such re-
sponses influence ecosystem dynamics, stabil-
ity, and productivity of upland communities.

2. Need better understanding of upland biotic com-
munities, including the historic, spatial, and tem-
poral interrelationships with fluvial ecosystems.

3. Need better understanding of how humans
adapted to changing environmental conditions,
both “natural” and human-induced, and to de-
termine when and how these perturbations oc-
curred and what the consequences were. These
data will be used to determine sustainability of
traditional land-water activities today and more
importantly in the future.

4. Need better understanding of the evolution of
basin ecosystems in terms of human interactions
related to cultural elements—"“world view,” use



of resources, and economics—and how these
land-water use histories relate to conflicts be-
tween specific groups. Collected data for use in
planning future management for sustainability
of resources as related to differing group views
will afford a more sound basis for such decision-
making.

To assist in addressing these four major problems,
the following research sub-goals will be explored:

a.

b.

Reconstruction of historic climatic regimes for
the overall basin and specific locales.
Reconstruction of morphological dynamics of
the Rio Grande and major tributaries related to
floods and human-use management.
Reconstruction of water flow data and interre-
lationships with climatic fluctuations and hu-
man use.

. Reconstruction of historic fire occurrence spa-

tially and temporally.

Reconstruction of human-induced changes in
ecosystem components.

Reconstruction of overall and site-specific
spatial-temporal grazing history and impacts.

. Reconstruction of spatial-temporal overall and

site-specific farming history.

. Reconstruction of changes in plant and animal

communities and particular species populations
over time related to human use, climatic change,
and exotic species introductions.

. Reconstruction of human responses to these

changes.
Reconstruction of adaptations of various groups
to the same subregional, or area, environments.

. Examination of the similarities and/or differ-

ences in Pueblo agricultural techniques and pro-
duction along streams such as the Rio Grande
and Las Huertas Creek.

Delineation of eco-cultural areas based on
spatial-temporal distributions of specific groups
related to identifiable ecosystems.

m.Comparisons between the exploitation strate-

gies of different populations, e.g. Hispano and
Anglo livestock raisers utilizing the same re-
source area, as well as the impacts of utiliza-
tion.

. Construction of spatial-temporal models of eco-

systems, including humans as a major factor in
the dynamics and change of these systems (i.e.,
the Santa Fe River, Rio Puerco, Las Huertas and
Tijeras Arroyos, and sections of the Rio Grande,
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such as the Bosque del Apache and Isleta Pueblo
areas [including the wetlands]).

Models

The following four spatial and temporal models
of the Middle Rio Grande Valley historical ecosys-
tem will be tested using data collected and analyzed.
The resulting revised models will provide a context
for better bioremediation, evaluation of sustainability
of land-use practices, and development of appropri-
ate management programs.

Model I: Middle Rio Grande Basin in 16th century
Historic river hydrology-morphology:

Perennial flows; relatively deeper, larger volume
of water.

Transport of relatively low sediment load.
Braided, slightly sinuous, aggrading, shifting
sand substrate.

Overbank flooding with two peaks—April to
early June (snowpack melt, highest water flow);
August to September (intense precipitation on
watershed).

Shifting river channel and movement across
floodplain (avulsion).

Island and sand bar formation-destruction.

River-floodplain biological-ecocultural components:

Grass meadows, cienegas, charcos (ponds or small
lakes).

Varied, changing age structures of cottonwood-
willow stands.

Wildlife diverse and relatively abundant.
Some life forms present—wolf, river otter, mink,
whooping crane, Rio Grande turkey, shovelnose
sturgeon, and 11 other fish species (now extinct).
Limited Pueblo diversion of river for irrigation.
Ca. 30,000 acres of floodplain under Pueblo cul-
tivation.

Model II: Middle Rio Grande Basin in 18th to
mid 19th centuries
Historic river hydrology-morphology:

Somewhat decreased stream flows.

Flow widening and becoming more shallow.
Braided, sinuous, increasing aggradation.
Overbank flooding and avulsion more frequent
and severe.

Increased frequency of channel shifting result-
ing from intense floods.



e River banks and islands less stable.

¢ Increasing sediment load due to various land-
use practices.

River-floodplain biological-ecocultural components:

* More fragmented and reduced stands of cotton-
wood-willow communities due to intense
floods.

* Increased alkalinity and waterlogging of soils.

¢ Increased numbers of grass meadows, cienegas,
and charcos.

* Less stable and decreasing populations of fau-
nal communities.

e Increase to ca. 100,000 acres under cultivation
by Pueblos and Hispanos.

Model lll: Middle Rio Grande Basin in late 19th
century to early 20th century
Historic river hydrology-morphology:

¢ Continued decrease in flows, increase in sedi-
ment load, and aggradation of river.

* Flood frequency and intensity increased.

* Some scouring and incising of river channel due
to floods.

* Increased soil alkalinity and waterlogging.

* Rising water table, then lowering water table.

River-floodplain biological-ecocultural components:

* Highest (?) number of wetlands and associated
plant communities, then severe reduction to
lowest in historic period.

e Cultivated acreage increased to perhaps 125,000
acres by Euroamericans and Pueblos, then de-
creased to 35,000 acres due to environmental
changes.

* Increased alkalinity and waterlogging of valley
soils.

¢ A number of wildlife species extirpated.

* Less stability and severe decrease in wildlife
populations.

Model IV: Middle Rio Grande Basin in mid to
late 20th century
Historic river hydrology-morphology:
* Decrease in sediment load and aggradation of
river.
¢ Flood frequency and intensity decreased dra-
matically due to construction of major dams.
* Continuing lowering of water table.
* Channel straightened and bermed, channel
shifts virtually halted, and banks stabilized.

2]

River-floodplain biological-ecocultural components:

¢ Cultivated acreage increased to 58,000 acres.
Floodways cleared and channel modified.
Continued reduction of wetlands.
Construction of several ponds.
Some wildlife populations increased.
A few exotic plant and fish species introduced.
A few wildlife species extirpated.

BENEFICIARIES OF RESEARCH

In addition to'potential data uses by various pub-
lic ecocultural resource management personnel and
agencies, this study would be useful to a myriad of
other basin communities and organizations: Pueblos,
Hispanic land grant associations, the Middle Rio
Grande Conservancy District, universities and schools,
environmental groups, and private firms and individu-
als involved in Middle Rio Grande Basin research. Po-
tential uses include evaluating current resource use and
management, planning for bioremediation of specific
locales or areas, evaluating sustainability of current
land-use practices, locating field trip-study area sites,
and identifying critical environmental issues.
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