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Check dams are common archaeological features found in ephemeral drainages throughout 
the American Southwest. Because of the region's environmental diversity, investigators 
have envisioned check dams as having served a number of functions. Interpretations of 
function have long been normative, based largely on ethnographic parallels that have 
recently been the subject of criticism. A contextual analysis involving evaluation of agri- 
cultural features in relation to the local environment and human-ecological conditions 
appears to be a more appropriate method of examining such features. Such an assessment 
of one recently discovered site in western New Mexico resulted in an interpretation of check 
dam function that previously had not been recognized in the Southwest. Analysis of runoff 
and sedimentation characteristics indicates that check dams in at least one locale served 
to protect large fertile tracts of downstream land from periodic inundation and influxes of 
poor-quality sediment. The implications of these findings are discussed in regard to other 
check dam sites in the region. 

SOUTHWESTERN ARCHAEOLOGISTS have long been interested in ancient "ag- 
ricultural landforms," modifications of surface relief related to cultivation (Go- 
lomb and Eder 1964). Among such landforms, check dams-groups or series 
of low alignments of unshaped rocks constructed across the bottoms of ephem- 
eral stream channels-have been of special interest, principally because they 
are both numerous and widespread. Check dams have been found in a variety 
of environmental settings throughout most of the Southwest. They have, for 
example, been reported from the lower Sonoran Desert (Masse 1979), where 
rainfall is sparse and erratic; from the Colorado Plateau (Vivian 1974), where 
the growing season is extremely short; and from the Mogollon region (Wood- 
bury 1961), where neither precipitation nor temperature normally inhibit ag- 
ricultural activities. 

The diversity of environments in which they are found suggests that check 
dams served a variety of purposes (Plog and Garrett 1972). Many researchers 
assume that check dams were built as agricultural terraces, albeit for a variety 
of reasons (e.g., soil moisture retention, frost protection). The notion that 
crops were planted behind and upstream of such features originated with eth- 
nographic studies of Hopi farmers conducted by Forde (1931) and Hack (1942). 
A few investigators (e.g., Hayes 1964) envision check dams as erosion control 
devices intended to keep cultivated slopes from losing soil. This interpretation 
is based principally on observations of Puebloan practices by Stewart and 
Donnelly (1943). DiPeso (1974:236-43, 1984) argues that trincheras, a form 
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of check dam found in higher elevations of the Sierra Madre of western Chi- 
huahua, Mexico, worked, in conjunction with linear borders and other features, 
to irrigate the flood plain of the Rio Casas Grandes by altering the hydrology 
and thereby increasing runoff. Based on data collected by Herold (1965), this 
interpretation is not widely accepted, probably because the scale of the system 
is too large to seem plausible and because such a check dam function has no 
support in the ethnographic literature. 

In spite of the large number of check dam studies and the possible diversity 
of check dam functions, research has largely relied on normative interpreta- 
tions, particularly ethnographic analogies. The appropriateness of such expla- 
nations has been criticized because they frequently involve red herrings (Cordell 
and Plog 1979:406, 407). Accordingly, Woosley (1980) has recently argued 
that, given the variety of environments found in the Southwest, prehistoric 
agriculture can best be understood by investigating specific, localized adaptive 
responses. She is correct. Agriculture is, axiomatically, the human manipulation 
of plants, soils, and landforms. Assessment of its related features, such as 
check dams, should, therefore, involve in-depth, systematic analysis of both 
the biophysical environment in which they are found and the habitation sites 
in their immediate vicinity (Butzer 1980:419). Explanations of function should 
be sought from the data, not inferred through the use of long-accepted, but 
possibly erroneous, a priori notions. 

The purpose of this paper is to use such an approach to analyze a recently 
discovered, prehistoric check dam site in the higher elevations of the San 
Francisco Valley, far western New Mexico. This study involves detailed ap- 
praisals of both ancient agricultural landforms and the physical environment, 
combined with an evaluation of the human-ecological conditions of the site. 
First, the habitational area of the site and the check dams are described. Next, 
the agricultural environs and major agro-ecological problems are elucidated. 
Finally, an interpretation of the check dams' function-one that previously has 
not been recognized in the Southwest-is proffered, with a closing discussion 
of its implications for other check dam sites in the region. 

CHECK DAM SITE 

Site USFS 06-04-109 is situated in the Gila National Forest, Grant County, 
New Mexico. It is located approximately 14 km south of the present-day village 
of Mule Creek near the divide between the drainages of the San Francisco and 
Gila rivers (Figure 1). The site is relatively isolated. Although others do exist 
in the general area, the nearest site is almost 2 km away. At an elevation of 
1925 m, rainfall and temperature are today suitable for dry farming, that is, 
agriculture dependent solely on the water available from rainfall without any 
use of runoff (Lawton and Wilke 1979:3-4). Indeed, such high elevations might 
be better suited for agriculture than lower ones during times of drought because 
they receive more-dependable, orographic summer rainfall (see, e.g., Schoen- 
wetter and Dittert 1968:50, 52). Precipitation averages between 400 and 500 
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Figure 1. The San Francisco and Neighboring Valleys 

mm annually (Houghton 1983). The growing season is greater than 150 days, 
and occasional midsummer freezes, that can make agriculture precarious (Mar- 
tin et al. 1956:192-97), occur only above 1980 m. Pines (Pinus ponderosa and 
P. edulis) characterize the highland slopes (Pase and Brown 1982). In some 
places, however, slopes are minimal, and woodlands give way to patches of 
open grassland (Figure 2), where grama grasses (Bouteloua sp.) dominate 
(Alexander et al. 1984:15). Although they have characteristics of alpine mead- 
ows, these grassy areas are both referred to locally and known technically as 
cienegas (Hendrickson and Minckley 1984). 

The site itself lies at the interface of gently rolling woodlands and a cienega 
(Figure 3). It is a Mogollon settlement of moderate size. The area that contains 
both ceramic and lithic artifacts and/or remnants of permanent habitation struc- 
tures is approximately 10,000 m2. Ceramics found on the site are of limited 
variety. Plain brown wares and corrugated wares are abundant. Painted wares 
include mostly Mimbres Classic Black-on-White and a lesser amount of Mimbres 
Boldface Black-on-White. Architecture, as evidenced solely by surface remains 
(Inset, Figure 3), includes four pueblo room blocks, containing approximately 
8, 10, 16, and 24 rooms, and one great kiva. Also, one surface depression 
may well be the remains of a pithouse. The ceramic evidence, in conjunction 
with the architectural remains, suggests that the site has at least two com- 
ponents. The possible pithouse and the limited amount of Mimbres Boldface 
Black-on-White ceramics indicate a small component dating between A.D. 750 
and 1000 (Anyon and LeBlanc 1980). The pueblo room blocks and the abundant 
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Figure 2. View of an Upland Cienega in the San Francisco Vaey 
Figure 2. View of an Upland Cienega in the San Francisco Valley 

Mimbres Classic Black-on-White ceramics are evidence of a larger component 
that dates between A.D. 1000 and 1150 (Anyon and LeBlanc 1980). 

Estimating the maximum number of persons that inhabited a prehistoric site 
at any one time is essential for contextual analysis. It is also difficult and calls 
for a great deal of caution. Difficulties with the contemporaneity of structures 
(Patterson 1963; Schacht 1984), the extent to which each structure was in- 
habited (Plog 1975), and the appropriateness of ethnographic analogies (LeBlanc 
1971) are commonly encountered in archaeological investigations. If it can be 
assumed that all structures were occupied contemporaneously and that every 
room was used, the most difficult problem is to ascertain the number of people 
represented by either the total floor area or each room. In one study, Cas- 
selberry (1974) found that the population of multiple family dwellings was 
approximately one-sixth of the total floor area measured in square meters. 
Applying Casselberry's figure to the approximately 800 m2 of pueblo floor space, 
we can project that as many as 135 people inhabited the check dam site. In 
separate studies, Hill (1970) and Longacre (1976) accepted each room as 
representing 2.8 persons. Using this figure, we can estimate a maximum 
population of 165 for the site. Probably no more than this number of people 
inhabited the site at any moment in time. 

The most important characteristic of the site is neither its age nor its size, 
but rather the check dams found in association with it (Figure 3). Twenty-five 
of these are located in a small tributary that drains the wooded, moderately 
sloping lands north of the site proper, and another fourteen are located in a 
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similar stream bed south of the habitation structures. A few fragments of check 
dams were also found in two tributaries draining the uplands east of the cienega. 
There are no other prehistoric agricultural features in the vicinity. Many of 
the check dams are nearly intact (Figure 4), but only fragments of others have 
survived into modem times (Figure 5). On the whole, the series of check dams 
in the northern stream channel is more complete than those in the southern 
channel (Figure 6) or opposite the cienega. Individual check dams in the north- 
ern channel are highly fragmented however, in part, perhaps, because of the 
comparatively steep gradient that has resulted in incision. In the southern 
channel, check dams are intact and easily identifiable only in the far upstream 
portion. A few fragments found further downstream indicate that the check 
dam series once probably involved most of the stream course. Vehicular traffic 
associated with ranching and most recently with pot hunting appears to be 
responsible for the destruction of check dams and, indeed, of much of the 
physical environment in this section of the drainage. Unfortunately, the extent 
of check dams in streams across the cienega and, hence, their importance and 
cause of deterioration cannot be determined at this time. It can only be surmised 
from their locational characteristics that they functioned in a manner similar to 
those in the streams draining the uplands surrounding the habitation site. 

The lengths of the check dams and the distances between them vary con- 
siderably. The longest dam measured approximately 15 m, the shortest only 
3 m. In one case, two check dams were only 3 m apart, while the distance 
between two others in the same stream bed measured 33 m. A direct asso- 
ciation in which intervening spaces are short on steep slopes and long on flatter 
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Figure 4. An Upstream View of a Series of Nearly Intact Check Dams in the Upstream 
Portion of the Channel along the Southern Edge of Site USFS 06-04-109 
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Figure 5. A Downstream View of a Series of Check Dams Breached by Erosion in the 
Channel along the Northern Side of Site USFS 06-04-109 

Figure 6. Profiles of Cienega Tributaries Containing Check Dams Illustrated in Figures 
4 and 5 
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slopes (see, e.g., Leopold and Bull 1979) was not found. Although the greatest 
distance between check dams is found at the downstream end of the northern 
series, where the stream gradient is only 8 percent, at least one intervening 
distance as small as 5 m is found along this stretch. Toward the upstream end 
of the series, where the slope is 15 percent, the distances between check 
dams might be expected to be short and indeed are as little as 3 m. However, 
some check dams there are separated by as much as 15 m. 

Given the lack of any clear-cut relationship between slope and intervening 
distance, the height of the check dams might be expected to vary in compen- 
sation (see, e.g., Schwab et al. 1981). For example, where both the slope and 
the distance between features are great, check dams might be expected to be 
higher than in places where the slope is low and the intervening distance short. 
Such is not the case here. Although erosion has damaged several check dams, 
all appear to have been approximately 0.3 to 0.5 m high at the deepest point 
of the stream channel (Figure 7). The check dams are not as well constructed 
and as uniform in appearance as those at some other sites in the Southwest 
(e.g., Rohn 1963:Fig. 2). Furthermore, they did not make maximum use of the 
available channel. 

Sediment has accumulated behind each check dam. It does not, however, 
extend all the way to the next feature upstream in those cases where spacing 
is great. The sediment trapped behind the check dams tend to be dark, coarse, 
and of slightly acid to neutral reaction (Table 1). The color is largely a function 
of organic matter. It has been at least 800 years since the sediment was 
deposited. Over this period, much organic matter, largely in the form of de- 
composed pine litter (needles and cones), has accumulated. The coarse texture 
is a function of both high stream velocity and depositional processes in the 
upstream reaches of drainages (Wertz 1966). It is also common behind both 
moder (Glassow 1980:51) and prehistoric (Sandor 1983:73) check dams in 
other parts of the Southwest. Fertility is low because of the nature of both 
the organic matter and the texture of the sediment. Pine litter is acidic, thus 
contributing to the moderately low reaction. The pH level is also determined 
in part by the sparsity of clay materials that hold available base nutrients, a 
condition which reduces the cation exchange capacity (Brady 1974:32-38, 99- 
106). Sandor (1983:254-57) argues that the low fertility of sediment trapped 
behind check dams is the result of nutrients being depleted by cropping. It is 
more likely, at least in this case, that the small clay fraction is the principal 
factor. 

On the basis of their length, height, spacing, total areal extent, locational 
characteristics, and sediment, it is apparent that these check dams were not 
constructed to create planting surfaces (terraces), as the most popular nor- 
mative interpretation would hold. The total cultivable area resulting from their 
construction is very small: less than 0.4 ha is involved in the two northern and 
southern series of check dams. These "plots" also had relatively low soil 
fertility. 
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If the prehistoric farmers had expended the energy to construct check dams 
to create terraces, it seems highly unlikely that they would have waited several 
years for sediment of poor quality to accumulate. It is more likely that they 
would have hauled in sediment, an activity that is labor intensive (Ashbee and 
Cornwall 1961; Erasmus 1965), but which has been documented elsewhere in 
the region (see, e.g., Donkin 1979:50, 102) and could have been carried out 
relatively quickly. At an average depth of approximately 0.25 m, the 0.4 ha of 
sediment behind check dams has a total volume of only 1,000 m3. Studies 
conducted under the auspices of the United Nations (1961:18) revealed that 
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TABLE 1 
Sediments Trapped Behind Four Intact Check Dams* 0 

Sample (0-10 cm) % Sand % Silt % Clay Texture Moist Color Reaction (pH) 

Check dam 7 86 8 6 loamy sand 7.5YR 3/2 dark brown 6.5 slightly acid 
Check dam 8 74 18 8 sandy loam 10YR 3/2 very dark greyish brown 6.2 slightly acid 
Check dam 9 74 20 6 sandy loam 10YR 3/2 very dark greyish brown 6.6 neutral 
Check dam 10 72 22 6 sandy loam 7. 5YR 3/2 dark brown 6.2 slightly acid 

*The four check dams for which sediments were analyzed and data are presented here are in the stream along the south side of site USFS 06-04- 
109. These check dams were sampled because they are the best preserved in the area. Check dam number 7 is the seventh one from the top of 
the drainage; number 10 is the tenth (see Figure 6). 
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"soft" sediment can be excavated by hand and carried 0.5 km in baskets at a 
rate of approximately 0.5 m3 per person/work day. At this rate, the sediment 
behind all the check dams at site USFS 06-04-109 could have been brought in 
by a labor force of 33 workers (one-fifth of the site's estimated population of 
165) in only 60 days. Hand-filling would have been faster than natural sedi- 
mentation and would have resulted in a better-quality planting medium. 

Furthermore, in some cases cultivation behind check dams would have been, 
as Woosley (1980:33) claims, "a highly capricious type of farming" because 
runoff in ephemeral streams is often of a sufficient velocity to have destroyed 
crops. The coarse texture of the sediment behind the check dams suggests 
that such conditions existed near site USFS 06-04-109. Given their charac- 
teristics, it is highly unlikely that the check dams were intended to create 
planting surfaces. Instead, they can best be explained as an effort to protect 
agricultural lands. 

AGRICULTURAL ENVIRONS OF THE CHECK DAM SITE 

The lands most probably used for farming prehistorically were the cienegas 
and the surrounding, moderately sloping woodlands. Within a 1 km radius of 
the check dam site is a total of 28 ha of cienega land (14 ha of which are 
adjacent to the site), 198 ha of woodland with slopes less than or equal to 20 
percent, and 88 ha of land with slopes greater than 20 percent (Figure 3). 

The cienegas have soils that are generally classified as fine-loamy, mixed, 
mesic Cumulic Haplustolls of the Manzano series of the Manzano-Ruidoso 
association (Parham, Paetzold, and Souders 1983:33, 80, 158). These soils 
are typically very dark brown (10YR 2/2), in part because they have a high 
organic content (2-3 percent). They are fertile, with a reaction that ranges 
from neutral (6.6 pH) in some locales to moderately alkaline (8.4 pH) over 
most of the area. Being cumulic, cienega soils tend to be deep and well drained. 
The effective rooting depth is often greater than 150 cm, and the texture varies 
according to depth from loam to clay loam. Permeability is, for the most part, 
moderate (1.5-5.1 cm/hr), and the available water capacity is usually very high 
(0.16-0.21 cm/cm). Runoff is slow, and the hazard of erosion is slight. Overall, 
edaphic limitations to agriculture, especially dry farming, are few. However, 
two related problems do exist. First, the slow rate in which water runs off the 
cienega can cause occasional inundation, or ponding; and rapid runoff from 
surrounding slopes exacerbates the ponding problem by contributing additional 
water. Second, the abrupt change of slope between the surrounding uplands 
and the cienega causes a marked decrease in stream velocity, which results 
in the deposition of coarse and less-fertile sediments not unlike those that have 
accumulated behind the check dams. 

Surrounding the cienegas are moderately sloping woodlands with soils classi- 
fied as clayey, montmorillonitic, mesic Lithic Argiustolls of the Luzena series 
(Parham et al. 1983:33, 79, 158). These soils are dark brown (7.5YR 3/2) and 
have an organic content of 1-2 percent. They vary greatly in reaction, being 
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slightly acid (6.1 pH) in a few places and mildly alkaline (7.8 pH) in most. 
Fertility, therefore, varies spatially but for the most part is adequate for ag- 
riculture. Although shallow, these soils are well drained. At 18-50 cm, the 
effective rooting depth is much less than in the cienegas. The texture is coarse, 
ranging from gravelly loams to gravelly clays, but the clay content can be as 
high as 60 percent in some cases. Accordingly, permeability is moderately slow 
(1.5-5.1 cm/hr), the available water capacity is very low (0.10-0.14 cm/cm), 
runoff is medium, and the hazard of erosion is moderate. These lands are not 
as good as those of the cienega. However, they are still highly suitable for 
agriculture, especially of a bur-plot type, such as that discussed by Sullivan 
(1982), or of some variations of the ecologically sound chitimene system found 
today in many parts of Africa (Manshard 1974:57-59). Rockiness and the shallow 
depth to bedrock are the principal edaphic limitations that directly affect ag- 
riculture on the moderately sloping woodlands. The high rate of runoff and the 
hazard of erosion are, of course, also of some consequence. 

As with the moderately sloping woodlands, the soils of the steeper slopes 
are classified as clayey, montmorillonitic, mesic Lithic Argiustolls. However, 
they are of the Luzena series of the Rock outcrop-Luzena association (Parham 
et al. 1983:44, 160). These brown (7.5YR 4/2) soils are lighter in color than 
those of the other areas, largely because they have an organic content of less 
than 1 percent. Soil reaction is neutral (6.6-7.3 pH). The development of these 
soils on steep slopes has contributed to their gravelly, clay-loam texture. The 
percentage of clay is most often between 35 and 60 percent. As a result, 
permeability is very low (1.5-5.1 cm/hr), as is the available water capacity 
(0.06-0.10 cm/cm). Although these soils are well drained, runoff is rapid be- 
cause of the high clay content, and the hazard of erosion is high. Limitations 
on agriculture are both numerous and significant. Undoubtedly, the greatest 
and most direct problems with these soils are their shallow depths and the 
presence of numerous rock outcrops. It is doubtful that slopes greater than 
20 percent were cultivated prehistorically. 

Given the techniques known to have been employed and the types of land 
known to have been farmed prehistorically in the Southwest, it can be surmised 
that people residing at site USFS 06-04-109 probably cultivated the cienegas 
and the moderately sloping woodlands, which were most suitable for agricul- 
ture. Of course, there is no way of confirming such a conclusion at this time. 
Other than the check dams discussed above, no earthen or rock features of 
prehistoric age are found in either the cienegas or the surrounding woodlands. 
It is most likely that the ancient farmers relied on brush devices, if anything, 
to divert, slow, or spread runoff. Such features have been used in the Southwest 
(Castetter and Bell 1942:158-61), are easily constructed and replaced as long 
as materials are available and there is a need for their use (Doolittle 1984:128), 
and would not have survived long enough to appear as archaeological evidence 
(Sauer 1963:161; Woodbury 1961:36). It is also possible that no other water 
diversion or conservation devices were necessary, as rainfall in the area is 
today, and presumably was prehistorically, more than adequate in both amount 
and timing (Carter 1945:84-85; Winter 1974:134). 
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The cienegas and the moderately sloping woodlands both would have been 
good lands for practicing prehistoric dry farming. Although the cienegas have 
somewhat better soils than the surrounding slopes, they are limited in areal 
extent and suffer ponding on occasion. In addition, their fertile soils can be 
buried by materials eroding off the surrounding slopes. The moderately sloping 
woodlands cover a much greater area than the cienegas, and, although not 
ideal or trouble free, they were cultivable. In sum, a total of 226 ha of land 
was most suitable for prehistoric dry farming within a 1 km radius of the site. 
The question now is whether a sufficient amount of food could have been 
produced on these lands to feed the 165 people who probably inhabited the 
site. The answer is clearly yes. 

Maize (Zea Mays) and beans (Phaseolus sp.) were the principal crops con- 
sumed prehistorically in the Southwest. These cultigens have similar caloric 
values per kilogram, approximately 3,600 cal/kg for maize and 3,400 cal/kg for 
beans (Leung 1961). On the average, each person requires approximately 2,400 
cal/day, or 876,000 cal/yr (Kirschmann 1975:233-34). If we use the caloric 
value for beans, because it is the most conservative, the caloric requirements 
of one person can be satisfied by 258 kg of maize, beans, or some combination 
of the two each year. In a recent study, Hastorf (1980:100) ascertained that 
as much as 850 kg/ha could have been produced prehistorically by dry farming 
without fallowing in the neighboring Mimbres Valley. This estimate, she found, 
had to be reduced by 40 percent because other studies (Staten, Burnham, and 
Carter 1939) of productivity demonstrated that individual fields in the South- 
west were either fallow or unproductive for an average of two out of every 
five years. 

On the basis of these findings, it can safely be assumed that ancient dry 
farming produced, on the average, 510 kg/ha. If we further allow for 15 percent 
of the crop being lost in storage (National Academy of Sciences 1978:76), only 
0.6 ha of the lands surrounding site USFS 06-04-109 would have been needed 
to support one person each year without any reliance on hunting or gathering 
wild foods. In other words, the 226 ha available within a 1.0 km radius of the 
site could have fed 375 people. The estimated maximum population of 165 
could have been fed from only 100 ha, or 45 percent of the land available near 
the site, especially if certain problems were overcome. Adequate land would 
have been available even if conditions were not as favorable for agriculture as 
they are today. 

AGRO-ENVIRONMENTAL PROBLEMS 

Two types of cultivable land exist at the site, each with unique problems 
that require attention: ponding and sedimentation on the cienegas and erosion 
on the woodland slopes. Because it is surrounded by higher elevations on three 
sides and tall trees on four, the cienega adjacent to the site almost has the 
appearance of being the center of a shallow, interior drainage system (Figure 
8). One intermittent stream does drain the cienega. It has, however, an average 
gradient of only a little more than 1 percent, with some places being virtually 
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Figure 8. View of Cienega Adjacent to Site USFS 06-04-109. (This view is looking due 
east from the site. The dark soil, sparse grass, and young junipers characterize the 
center of the cienega where ponding was a problem. Drainage is to the left. The stock 
tank on the right also appears in Figure 6 as the modem feature furthest downstream 
in the south stream.) 

flat, and one 5 m stretch even having a slight uphill grade. The longitudinal 
profile of the stream is discontinuous (Schumm and Hadley 1957), with repeated 
floor steps resulting principally from the inflow of tributary streams (Henderson 
1966:394-98). This condition is most clearly visible in the 200 m section of the 
stream course closest to site USFS 06-04-109 (Figure 9). Here, the two 
streams with confirmed check dams draining the uplands surrounding the site 
and the two streams with fragments of a few check dams draining the uplands 
opposite the site, east of the cienega, converge with the main cienega channel 
(Figure 3). Throughout its length, the main cienega channel has a natural cross 
section that is almost imperceptible. It is broad and very shallow with a flattened 
U shape (Figure 10). Slight stream braiding is also evident, and numerous 
depressions are found in those places where the tributaries converge with the 
principal cienega channel. Overall, such characteristics are indicative of a low 
discharge and a very slow velocity (Wilcock 1971), combined with sheetwash 
on the surrounding slopes and gullying in the upstream reaches of the tributaries 
(Butzer 1982:134-35). 

For the most part, the tributaries as they cross the cienega have profiles 
(Figure 6) and cross sections that are similar to those of the principal stream. 
Ponding has occurred where the tributaries converge with the main channel 
(Figure 11). Here, the tributary and main channel gradients are flat, or nearly 
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area is between the cross sections illustrated in Figure 10.) 
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so, and abundant grasses help to further reduce the velocity of runoff. Sum- 
mertime thunderstorms in the Southwest frequently produce great amounts 
of rain in very brief periods (Turnage and Mallery 1941:16-17), even during 
prolonged droughts (Schoenwetter and Dittert 1968:50). During and imme- 
diately after such storms, runoff can pool up on the cienega. It is because of 
this ponding that the Spanish word cienega, meaning swamp, marsh, or wet 
meadow, is applied to this area and others like it in the region (Hendrickson 
and Minckley 1984). 

Collection and analysis of detailed hydrologic data from the small drainages 
with check dams near site USFS 06-04-109 were not possible because both 
ancient and recent activities have altered the natural surface characteristics 
(Figure 6). However, little doubt exists that the problem of ponding on the 
cienega was as much a function of the rapid runoff from the surrounding slopes 
as it was of the poor drainage of the cienega itself. The ephemeral streams 
that drain the upland areas and empty into the principal stream of the cienega 
adjacent to the site each have a very small watershed (less than 3 ha). Drainages 
as small as these can be effective producers of runoff (Mueller 1972). Relatively 
speaking, they are more efficient runoff producers than larger drainages (Tad- 
more, Shanan, and Evenari 1960). For example, in one study, Shanan (1974) 
found that runoff can begin on small catchments after as little as 2.5 mm of 
rain, while larger watersheds required at least 7.0 mm of rain. Although these 
figures were determined empirically for another area, the principles from which 
they were derived (Morris and Wiggert 1972:376-86) are theoretically appli- 
cable to other places, including locales in the San Francisco Valley. There are 
at least five reasons why little water infiltrates during overland flow and, hence, 
why these small drainages effectively generate runoff. The streams have rel- 
atively steep gradients (see, e.g., Wheeler 1979); it takes only a short time 
for runoff to reach peak flow (see, e.g., Horton 1945); a substantial part of 
the surface area is characterized by impermeable rock outcrops (see, e.g., 
Betson 1964); the soils have a high clay content (see, e.g., Sandor 1983:56); 
and they are thin and easily eroded (see, e.g., Kirkby and Chorley 1967). 

Rapid runoff from the upland slopes has resulted in the erosion of sediments, 
the coarser ones of which have been deposited on the cienega (see, e.g., 
Butzer 1982:134). Under typical conditions, the Manzano series soils that 
characterize cienegas have a very thin, fertile A horizon, with a loam texture, 
and very thick clay loam B and C horizons. Those of the periodically inundated 
areas, however, are characterized by deep, sandy, and relatively infertile al- 
luvium that has resulted from anthropogenic erosion (Table 2). The thickness 
of this coarse alluvium decreases and the degree to which it has been reworked 
increases with the distance from the point where the slope changes abruptly, 
near the edge of the cienega, to the center of the cienega where the slope is 
nearly flat (Figure 11 and Table 2). The difference in the thickness of these 
sediments and the degree of reworking are the result of differential stream 
velocities. At the edge of the cienega, deposition is greater and the coarse 
alluvium is thicker and more uniform than at the center, because of the de- 



TABLE 2 
Cienega Sediments Compared to Typical Manzano Series Pedon 

Alluvium/Horizon Depth (cm) % Sand % Silt % Clay Texture Moist Color Reaction (pH) 
Core sample 1* 
Deposition resulting from 0-15 45 47 8 loam 7. 5YR 3/3 dark brown 7.0 neutral 

anthropogenic erosion 15-30 60 30 10 sandy loam 7.5YR 3/2 dark brown 6.4 slightly acid 
30-45 48 40 12 loam 7.5YR 3/2 dark brown 6.9 neutral 

Buried soil 45-60 14 50 36 silty clay loam 10YR 3/2 very dark greyish brown 6.4 slightly acid 
60-75 27 59 14 silt loam 10YR 3/3 dark brown 7.7 mildly alkaline 

Core sample 2** 8 
Deposition resulting from 0-15 67 25 6 sandy loam 7.5YR 3/2 dark brown 6.4 slightly acid 

anthropogenic erosion 15-30 66 28 sandy loam 7.5YR 3/4 dark brown 6.5 slightly acid 
30-45 64 28 sandy loam 5YR 3/2 dark reddish brown 6.5 slightly acid 
45-60 50 32 8 loam 7.5YR 3/2 dark brown 6.7 neutral 

Buried soil 60-75 17 57 18 silt loam 10YR 3/3 dark brown 6.5 slightly acid 
26 

Typical Manzano Pedon 
(Parham et al. 1983:80) 
A1*** 0-8 - - loam 10YR 2/2 very dark brown 8.0 moderately alkaline 
B2 8-65 - 10-25 clay loam 10YR 2/2 very dark brown 8.0 moderately alkaline 
Clca 65-90 - - 18-34 clay loam 7.5 YR 3/2 dark brown 8.4 moderately alkaline 
C2 90-150 - 18-34 clay loam 7.5YR 3/2 dark brown 8.4 moderately alkaline 

18-34 

*From center of cienega near the principal stream (see Figure 11) 
**From edge of cienega where the tributary stream gradient flattens markedly (see Figure 11) 

***Possibly alluvium resulting from anthropogenic erosion, and not an A horizon 
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creased velocity resulting from the marked flattening of the stream gradients. 
The coarse texture of these sediments is further testament to the high velocity 
of the streams draining the uplands (Butzer 1982:130). Silt and especially the 
fertile clay fraction are typically carried by streams, even at very slow veloc- 
ities. Sand, however, requires much more energy to be eroded. That it has 
accumulated, both on the cienega (Table 2) and behind check dams further 
upstream (Table 1), is indicative of high stream energy that has contributed 
to ponding and sedimentation on the cienega. 

The dark color of the alluvium is principally a function of the organic matter 
that has accumulated over the past several centuries. Illuviation of this organic 
matter, resulting in large part from ponding, is partially responsible for the 
dark color of the lower strata. This organic material is comprised of grasses, 
particularly Bouteloua sp., and coniferous litter that has washed down from 
the wooded slopes (see, e.g., Nabhan 1984). The abundance of such litter 
along with the paucity of clay has resulted in the mildly acidic reaction of the 
alluvium. 

Both periodic ponding and increased sedimentation would have been prob- 
lems for ancient cultivators. Ponding could, at least on occasion, have reduced 
or completely stopped the free entry of oxygen into the soil (Briggs 1977:89- 
90), fostered root diseases that cut the supply of plant nutrients (Poehlman 
1979:311), and caused lodging (Poehlman 1979:159-69, 307). All of these con- 
ditions could severely damage or totally destroy a crop. Influxes of coarse 
sediments of low fertility would have been a twofold problem. First, sedimen- 
tation could bury a young crop; and second, the deposition of coarse sediments 
as deep as those found near site USFS 06-04-109 would have modified growing 
conditions for the worse. Specifically, the optimal soils for maize cultivation 
are silt loams and clays greater than 50 cm deep (Thorne 1979:120). Such 
conditions are typical of Manzano series soils (National Cooperative Soil Survey 
1976). They do not, however, exist in those places where the cienega has 
been subjected to inundation and the deposition of coarse sediments. 

The rapid runoff has also contributed to the erosion of the surrounding 
woodland slopes. Evidence of erosion is clear and widespread. Rills are common 
over most of the slopes, and gullying is apparent, especially in the tributaries 
that contain check dams and empty onto the cienega. Indeed, gullies have 
breached many of the check dams (Figure 5). A few check dams were con- 
structed in small gullies that breached other dams. The presence of such 
additional and remedial or corrective features indicates that attempts were 
made to arrest accelerated erosion after the original check dams were built. 
Although the extent, impact, and timing of erosion cannot be determined at 
this time, it is clear that it existed in the eleventh century A.D., when agriculture 
was a widespread practice in the region and the check dams were built. It is 
unlikely, however, that the check dams associated with site USFS 06-04-109 
were built principally to control erosion on the upland slopes surrounding the 
cienega. Other features such as "linear borders" (Woodbury 1961:12-13)- 
rock alignments similar to check dams but located on adjacent hillsides probably 
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to impede sheet and rill erosion-are not evident on the slopes near the site. 
If erosion was a major problem on these uplands prehistorically, such features 
undoubtedly would have been constructed. Furthermore, if the check dams 
had been intended to preserve soil on these uplands, they would have conserved 
only 0.4 ha, the total area they encompass. The check dams appear to have 
been constructed in order to protect agricultural lands, but not those of the 
upland slopes. 

CHECK DAM FUNCTION 

For agriculture, the cienegas are the best lands in the vicinity. They have 
soils that are fertile, deep, rock-free, and of appropriate texture. They are 
also the only lands on which agriculture has been practiced in recent times. 
Periodic ponding and influxes of coarse sediments are the only factors of 
consequence that can keep agriculture from being successful on the cienega 
lands. There are, however, a number of ways these problems can be solved. 

Perhaps the simplest way is to construct series of check dams in the channels 
of the ephemeral tributaries that drain the upland slopes (Turner and Doolittle 
1978:300). Recent field studies indicate that 1.65 m of low rock alignment can 
be built per person hour (Fish and Fish 1984:156). At this rate, the confirmed 
check dams near site USFS 06-04-109 could have been built in a total of 236 
person hours. Assuming conservatively that only one-fifth of all the check dams 
constructed contemporaneously in prehistoric times have survived to the pres- 
ent and that the average work day was six hours long (Barlett 1980:152), we 
can calculate that the estimated labor force of thirty-three persons from the 
site could have built the entire check dam complex surrounding the cienega in 
only six days. Certainly this is not a great labor expenditure, especially in 
comparison to the benefits received. Maintenance also would not have involved 
much work, in part because it would have been carried out periodically (Doolittle 
1984). 

The importance of the check dams, however, does not necessarily lie in 
how easy they are to build and maintain, but rather in how effectively they 
alleviate the perceived problems. Series of check dams do in fact constitute a 
most effective means of controlling both ponding and alluviation on lands down- 
stream. As impediments to natural channel flow, check dams dissipate energy, 
thereby increasing the time it takes water to run off (Henderson 1966:174- 
80). Such decreases in stream velocity would give the cienega more time to 
drain, thus alleviating, in part or in full, the problem of ponding. Reducing the 
stream velocity would also have decreased the rate of erosion on the slopes 
and of gullying in the tributary channels. Furthermore, it would have greatly 
lessened the problem of sedimentation on the cienega. 

The effectiveness of the check dam complex was unquestionably greatest 
immediately after construction. It is highly probable, however, that the dams 
also functioned quite effectively after sediment had accumulated behind each 
feature. Hays and Palmer (1937) found, for example, that the runoff rate in a 

298 



CHECK DAMS FOR PROTECTING DOWNSTREAM AGRICULTURAL LANDS 299 

watershed containing check dams with sediment accumulations was approxi- 
mately one-half that measured in a similar and adjacent drainage without such 
features. Two factors are responsible for this reduction in velocity. First, the 
transformation of a smooth slope into a stair-stepped to "terraced" slope in- 
creases both the distance runoff must travel and the time it takes runoff to 
reach peak flow. Second, the collection of sediment behind the check dams 
decreases the slope angle or effective stream gradient. The sediment trapped 
behind the check dams can, of course, also alter the runoff characteristics. If 
the sediment in a drainage with check dams is no different from that in a similar 
drainage without check dams, the total discharge in each drainage will be 
identical, even though the runoff rates will be different. If, however, the sed- 
iment associated with the check dams is more permeable than that in channels 
without such features, some water will be absorbed, and both the runoff rate 
and the total discharge will be lower in the former drainage than in the latter 
(Brady 1974:238). Such is the case with the check dams at site USFS 06-04- 
109. Here, sediment trapped behind the check dams is coarser (Table 1) than 
that of the surrounding slopes and the drainage as a whole. In effect, the 
accumulated sediment helps to decrease the total discharge and, hence, the 
stream velocity. The accretion of coarse sediment, both behind and upstream 
of the check dams and on the cienega downstream, is, by itself, evidence of 
the very type of fluvial process that the check dams were designed to impede. 

Further evidence that the check dams were intended to control runoff and 
thereby remedy both ponding and sedimentation exists in the form of similar, 
modem water-control devices near the site. Indeed, both problems were more 
significant in times past than they are today. Recent ponding has been alleviated 
by a number of means. Earthen dams constructed in the cienega (Figures 6 
and 8) to create stock tanks have concentrated water in a few selected natural 
locales, rather than in several scattered ones. In one place, an earthen bund 
has been constructed to divert runoff around an orchard planted on land that 
previously was subject to ponding (Figures 6 and 8). Perhaps most important, 
a new channel has been excavated along the length of the cienega. This channel 
is straight, with a slightly concave profile and a trapezoidal cross section (Fig- 
ures 9 and 10). Straightening the formerly braided channel has had the effect 
of increasing the stream gradient and, hence, discharge velocity. The concave 
profile, although not making the average gradient much greater than that of 
the natural channel, has eliminated the flat spots. The deepening of the channel 
has aided in the draining of the flat areas and the collection of water into the 
stock tanks. Construction of earthen dams in the tributary channels has also 
helped to alleviate ponding by retaining runoff in the upland areas and has halted 
the sedimentation that otherwise would occur downstream. 

Eight earthen dams are located in the two channels containing ancient check 
dams near site USFS 06-04-109 (Figure 6). In at least two cases, these rel- 
atively recent features partially overlie their prehistoric counterparts. These 
check dams were built to retain runoff (see, e.g., Wanielista et al. 1984:147- 
50), probably during the 1930s (Heede 1960). A few large pinyon pines (Pinus 
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edulis) growing through some dams indicate that, although they are technically 
modem, the earthen structures are not new. Excavation behind the dams 
appears to have been undertaken as part of construction. Sedimentation has 
not, however, occurred to any great extent, even though the ponds created 
by the check dams may be as much as fifty years old. Today, the dams provide 
water for cattle, and they further protect the cienegas from ponding, thereby 
improving pasturage. Although differences among modem ranching, tree-crop 
agriculture, and prehistoric agriculture are numerous, the methods used to 
alter the hydrology are similar and the intentions of the builders are identical. 
The check dams at site USFS 06-04-109 were designed and constructed to 
slow the velocity of water flowing onto the cienega lands, thereby alleviating 
ponding and sedimentation problems. 

DISCUSSION 

The existence of a highly sophisticated, yet simple, prehistoric water-control 
technology at site USFS 06-04-109 provides yet another example of the hy- 
draulic competence of ancient people in the Southwest. As such, it invites 
comparison with other check dam sites in the region. The most logical can- 
didates for comparison are the sites in the Point of Pines area. This area and 
its relict agricultural features are appropriate for three reasons. First, the Point 
of Pines environment is similar in many ways to that of site USFS 06-04-109. 
Second, Woodbury's (1961) research there is the most widely cited study of 
prehistoric agriculture in the Southwest. Third, although his assessment is the 
most systematic to date and his interpretations are generally accepted without 
question or qualifications, Woodbury himself acknowledged possible shortcom- 
ings and encouraged that future research be revisionary in nature: "For nearly 
every aspect of the subject more information would be helpful. The general 
statements . . . are, therefore, subject to future modification or refinement" 
(Woodbury 1961:35). 

The check dams reported from Point of Pines have been interpreted as 
agricultural terraces. They are located across small, ephemeral channels that 
drain moderately sloping woodlands surrounding lower, relatively relief-free 
grasslands (Woodbury 1961:2). Stream gradients range from 5 to 21 percent 
(Woodbury 1961:12). The exact nature of the soils is unknown, but Woodbury 
(1961:3) described them as "sufficiently compact to prevent rapid penetration 
of moisture" and noted that "even a heavy downpour lasting 20 or 30 minutes 
will almost entirely run off." 

The Point of Pines check dams themselves are similar to those at site USFS 
06-04-109. They tend to be short, low, and spaced with no direct relationship 
to the nature and degree of slope (Woodbury 1961:12). The channels are not 
"terraced" to their maximum possible extent. The check dams also involve a 
very limited area, which is only a small percentage of the land available. The 
ten farm sites comprise only 30 ha scattered over an area of approximately 
260 km2 (Woodbury 1961:37, 2). Accepting that scores of other farm sites 
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were not measured, mapped, or discussed, Woodbury (1961:37) suggested 
that as many as 400 ha may have been associated with stone alignments that 
have long since deteriorated. He also noted that several times this hectarage 
probably was farmed without leaving any traces that are discernible today 
(Woodbury 1961:42). Much of this land, 26,000 ha, is nonforested (Woodbury 
1961:38) and, except in size, is similar to the cienega near site USFS 06-04- 
109. 

Given their location and irregular spacing, the small size of the total area 
behind them, and the vast amount of grassland suitable for cultivation, it seems 
plausible that check dams at Point of Pines might have functioned not as terraces 
but as a means of altering the hydrology and facilitating agriculture on the 
grasslands. As they did at site USFS 06-04-109, the check dams could have 
prevented ponding and sedimentation on the grasslands, where slopes are less 
steep than on the surrounding woodlands which suffer severe runoff. Or they 
could have worked in conjunction with brush devices to allow practice of an 
"Akchin" type of runoff agriculture (Woodbury 1961:9-10). In either case, 
Woodbury (1961:12) himself acknowledged that an important function of check 
dams was to slow runoff. Interestingly enough, moder earthen dams not unlike 
those of site USFS 06-04-109 were also found in some Point of Pines drainages 
with ancient features (ames A. Neely, personal communication). If we assume 
that the grasslands were cultivated, the check dams certainly would have 
protected those fields near the woodland-grassland ecotone where permanent 
habitation sites were located (Woodbury 1961:2). Fields in the grasslands but 
near the wooded slopes would also have been protected from excess runoff 
by the numerous linear borders that exist on adjacent hillsides (Woodbury 
1961:12-13). These rock alignments are found in most of the small drainage 
areas. Together, the check dams and the linear borders are complementary 
and more effective in slowing runoff than either type of feature alone. 

The purpose of this essay is not to refute the findings of Woodbury. If it 
were, fieldwork would have been conducted at Point of Pines. The features 
studied by Woodbury might well have been built as terraces; those at site 
USFS 06-04-109, however, appear not to have been. Evidence suggests they 
were constructed as true check dams, not terraces or erosion control devices. 
They were dams in the sense that they impounded water, albeit in small 
amounts and for brief periods. They literally "checked" the flow. The check 
dams at Point of Pines and other sites in the Southwest also might have been 
constructed for the purpose of protecting agricultural land downstream. Indeed, 
similar features have been found in ephemeral stream channels above several 
cienegas in the Pine Lawn Valley (personal observation; Harry J. Shafer, per- 
sonal communication). This interpretation certainly merits more consideration 
than it has been given. Similarly, other interpretations need to be explored in 
more detail than they have been in the past. Many interpretations of check 
dam function rely heavily on ethnographic analogy. The universal applicability 
of ethnographically based explanations in the Southwest has, of course, come 
under considerable scrutiny (Cordell and Plog 1979), especially where agri- 
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culture is concerned (Woosley 1980; Sullivan 1982). The evidence from site 
USFS 06-04-109 suggests that a combined, systematic environmental and hu- 
man-ecological assessment of each site is the most appropriate approach for 
understanding ancient agro-ecosystems. 
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