Science of the Total Environment 664 (2019) 576–582

Contents lists available at ScienceDirect

Science of the Total Environment
journal homepage: www.elsevier.com/locate/scitotenv

The impacts of porous rock check dams on a semiarid alluvial fan
M.H. Nichols ⁎, V.O. Polyakov
Southwest Watershed Research Center, USDA-ARS, 2000 E. Allen Rd., Tucson, AZ 85719, United States of America

H I G H L I G H T S

G R A P H I C A L

A B S T R A C T

• Proximal watersheds treated with check
dams experience differing process responses.
• Watershed outlet measurements may
not represent internal watershed response.
• Check dams may create new concentrated ﬂow paths and incision on alluvial fans.
• Watershed restoration must address
both
channel
and
interﬂuve
degradation.
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a b s t r a c t
Low-tech rock check dams are widely used to address land degradation; however, assessments of their impacts on
runoff and sediment are lacking and are often limited to the ﬁrst few years after construction. In 2008, two small (4.0
and 3.1 ha) instrumented watersheds located 300 m apart on an alluvial fan on the Santa Rita Experimental Range in
southern Arizona were treated with 37 porous, loose rock check dams. Ten years after construction, the watersheds
are experiencing contrasting responses to treatment. The ratio of runoff to precipitation was higher after check dam
construction on one watershed and lower on the other, but not signiﬁcantly in either case. Statistically signiﬁcant
changes in peak runoff rate are not detectable 10 years after construction at either watershed. However, a statistically signiﬁcant reduction in sediment concentration was found on one watershed and no change was found at the
other. The check dams have altered channel grades. However, backﬁlling of the dams is nearly complete on one watershed and the other has remaining capacity. The alluvial fan setting poses a complex restoration environment due
to high sediment loads that deposit in response to vegetated areas of accumulated sediment creating conditions for
channel avulsion and new incising concentrated ﬂow paths. Check dams have a lesser impact on watershed outlet
runoff and sediment than on internal watershed channel morphology and vegetation establishment. With monitoring and maintenance, check dams can be an effective tool for grade stabilization, but watershed restoration requires
additional practices to address degraded interﬂuve areas.
Published by Elsevier B.V.

1. Introduction
Globally, check dams have been integrated into many projects to
mitigate land degradation, with varying degrees of success (Romero⁎ Corresponding author.
E-mail address: mary.nichols@ars.usda.gov (M.H. Nichols).
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Diaz et al., 2007; Xu, 2005; Nyssen et al., 2004). In semiarid regions of
North America, simple rock and brush structures have been used for
thousands of years to control erosion (Norton et al., 2002). During the
past few decades, there has been renewed interest in using check
dams to restore degraded watersheds in the southwestern US. Despite
the fact that early assessments of large-scale efforts to control erosion
in southwestern US rangelands using contour berms and check dams
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raised serious doubts as to using such practices (Valentine, 1947;
Peterson and Branson, 1962), currently, check dams are being constructed at numerous sites in southern Arizona and New Mexico. Projects are supported by programs such as the Arizona Water Protection
Fund (www.aswpf.gov), Arizona Department of Environmental Quality
(http://www.azdeq.gov/), and the Borderlands Restoration Network
(http://www.borderlandsrestoration.org/) to address land degradation.
In the southwestern US, alluvial fans are dominant landscape features comprising more than 30% of the landscape (Antsey, 1965).
Many of these alluvial fans are covered by grasslands that support cattle
production. Grazing can have substantial impacts on both vegetation
and erosion. Currently, the proliferation of trees and shrubs (Browning
et al., 2008) and the spread of non-native species (McClaran et al.,
2010) have changed the composition and distribution of grasslands in
the southwestern US (Gori and Enquist, 2003) affecting surface soil erosion (Abrahams et al., 1996). The Apache Highlands Ecoregion includes
more than 13 million acres of current and former grasslands of central
and southern Arizona, southwestern New Mexico, and northern
Mexico. Within this region, although many areas are degraded, approximately 29% of the lands have the potential to be restored (Gori and
Enquist, 2003).
Degraded landscapes are characterized by a lack of, or change in,
vegetative cover, bare soil, accelerated surface soil erosion, concentrated
ﬂow paths, and channel incision. Once incised, ﬂood ﬂows generated by
high intensity precipitation during the summer monsoon season travel
through the drainage network with limited opportunity to spread laterally and distribute moisture to soils. Check dams are a tool for controlling channel incision by altering sediment distribution. They can
induce deposition (Polyakov et al., 2014; Nichols et al., 2016), reduce
velocities and peak ﬂows as channel slopes are reduced (Mishra et al.,
2007), and allow time for moisture to soak into channel bed and
banks (Nichols et al., 2012) creating conditions for revegetation
(Nichols et al., 2016).
Check dams are commonly constructed of loose rock placed by hand
to build a semipermeable structure across a drainage pathway perpendicular to the ﬂow direction (Fig. 5a). The rocks may or may not be
bound in wire. Construction details, such as keying into the channel
bed and banks, are critical for minimizing failure (USDA-NRCS; Heede,
1978). However, even if properly constructed, check dams fail. Commonly, scour around a structure creates a new incision, or individual
rocks may be displaced downstream during high magnitude ﬂoods.
Check dams also have the potential to increase downstream erosion
(Castillo et al., 2007; Porto and Gessler, 1999) as runoff carried over
the dam erodes the plunge pool formed at the overfall.
In 2008, check dams were constructed in two rangeland research
watersheds to test the hypothesis that check dams would reduce watershed sediment yield, stabilize channels, and facilitate watershed restoration. The objectives of this manuscript are to extend previously
reported analyses (Polyakov et al., 2014; Nichols et al., 2016) to analyze
the impact of porous rock check dams on hydrologic and geomorphic
processes ten years after construction in a semiarid rangeland, and to interpret the results in the context of watershed restoration.
2. Materials and methods
2.1. Study site
The study site is located in the 20,000 ha Santa Rita Experimental
Range (SRER) (31° 48′ 55.2″ N; 110° 51′ 4.4″ W; 1160 m above sea
level) in the eastern Sonoran Desert 45 km south of Tucson in southeastern Arizona (Fig. 1). The SRER is located on an alluvial fan that extends from the base of the Santa Rita Mountains (McClaran et al.,
2003). Eight small subwatersheds within the SRER were instrumented
in 1975 by the USDA-Agricultural Research Service (ARS), and in the
fall of 2008, two of the instrumented watersheds located within
300 m of each other were selected for treatment with rock check
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Fig. 1. Check dam study site location map.

dams. Watershed SRER 5 (4.0 ha) and watershed SRER 6 (3.1 ha) are instrumented with rain gauges and Santa Rita runoff measuring ﬂumes
equipped with traversing slot sediment samplers (Smith et al., 1981).
The climate is semiarid with mean annual rainfall approximating
390 mm. Rainfall on the SRER is generated during both summer and
winter seasons, although almost all of the runoff occurs in response to
summer monsoon season (July–September) during which spatially variable high intensity rainfall generates ﬂash ﬂows (Polyakov et al., 2010).
As measured at the eight ARS instrumented watersheds, approximately
50% of total annual rainfall occurs from July through September
(Polyakov et al., 2010).
Watershed SRER 5 is drained through a well-developed 3rd order
channel network with 4% main channel slope gradient. In contrast, watershed SRER 6 has a less developed 2nd order channel network and a
steeper channel gradient (6%). Watershed characteristics are summarized in Table 1.
Vegetation on the watersheds is sparse and much of the contributing
area is bare ground. In general, vegetation on the SRER consists of
shrubs (mesquite Prosopis velutina Woot., hackberry Celtis pallida Torr.,
catclaw acacia Acacia greggii Gray), cacti (cholla Opuntia spinosior
Engelm, prickly pear Opuntia engelmannii Salm-Dyck, ﬁshhook barrel
Ferocactus wislizeni Britt. & Rose), and grasses (black grama Bouteloua
eriopoda Torr., Lehmann lovegrass Eragrostis lehmanniana Nees, Arizona
cottontop Digitaria californica Benth., Santa Rita threeawn Aristida
glabrata Vasey) (Martin and Morton, 1993). In 1974, prior to watershed
instrumentation and data collection, watershed SRER 6 was treated to
remove mesquite. When measured in 1986, the shrub cover on the

578

M.H. Nichols, V.O. Polyakov / Science of the Total Environment 664 (2019) 576–582

Table 1
General watershed characteristics.
Watershed

SRER 5

SRER 6

Area (ha)
4
3.1
Average slope (%)
3.9
3.5
Outlet elevation
1164
1159
(m)
Main channel
195
98
length (m)
a
Soil classiﬁcation Fine, mixed thermic Typic Coarse-loamy, mixed thermic
Haplargids
Typic Torriﬂuvents
Soil texturea
Combate loamy sand
Comoro loamy sand
a

Golden Software Surfer 15 (http://www.goldensoftware.com/
products/surfer).
The impact of check dams on watershed runoff was evaluated based
on the ratio of precipitation to runoff before and after construction.
Double-mass curves of cumulative precipitation vs. cumulative runoff
were plotted and evaluated for breaks in slope. As described by Searcy
et al. (1960), a break in the slope of a double-mass curve indicates
that a change in the constant of proportionality between precipitation
and runoff has occurred. In addition, t-Tests (evaluated at p = 0.05)
were used to compare means of measured values before and after
check dam construction.

Breckenfeld and Robinett (2003).

3. Results and discussion
untreated watershed was twice that of the treated watershed (Martin
and Morton, 1993). The study site is described in previous project manuscripts (Polyakov et al., 2014; Nichols et al., 2016) where additional detail can be found.
2.2. Check dam design and construction
In November 2008, 27 check dams were constructed on watershed
SRER 5, and 10 on watershed SRER 6. The semipermeable dams were
constructed by hand by placing loose 10 to 30 cm (4–12 in.) rock into
wire mesh which was closed around the rocks and tied with wire.
Check dam heights ranged from 0.15 to 0.6 m high and were up to
0.5 m thick. Each dam incorporated a low point near the center and
rocks were placed on the downstream side of each structure to prevent
overfall scour. Each dam was keyed into the channel bed and banks. The
locations of the check dams were determined based on relationships developed by Heede (1978) to identify the upstream extent of deposition
wedge expected to be induced by the nearest downstream dam. The
upper extent of deposition was the location of the next upstream dam.
2.3. Instrumentation and topographic measurement
A description of instrumentation and topographic measurements
summarized by Nichols et al., 2010 follows. Event precipitation, runoff,
and sampled sediment concentration are measured at each watershed.
Precipitation is measured with high temporal resolution weighingtype raingages. Runoff is measured with a Santa Rita supercritical
depth runoff measuring ﬂume (Smith et al., 1981). Transported sediment is measured at the outlet of each watershed in conjunction with
runoff using a traversing slot sediment sampler (Nichols et al., 2008) attached to each ﬂume. The sampler collects particles smaller than the
13 mm wide slot opening. Sediment sampling is initiated when ﬂow
depth through the ﬂume reaches 6 cm. Sediment concentration is determined in the laboratory for each sample, and event sediment yields for
each sampled event were computed by integrating the measured sediment concentrations multiplied by ﬂow rates over the time of the runoff. In addition to runoff depth limitations to sampling, individual
events may be inadequately sampled because of mechanical failures
caused, for example, by a rock stuck in the intake slot, or poor sample
quality, for example, from overﬁlled bottles or debris. As a result, sediment yield is not computed for every runoff event. Polyakov et al.
(2010) estimated that for the period of 1975 through 2008 missing sediment data associated with either ﬂows below the sampling threshold
or less frequent mechanical problems represented 46 and 33% of the
outlet sediment yields for watersheds SRER 5 and SRER 6, respectively.
Within each watershed conventional topographic surveys were conducted in 2007 prior to check dam construction using a total station to
measure longitudinal channel proﬁles and cross sections immediately
up and down channel from each dam site. Subsequent surveys were
conducted using a Real Time Kinematic global positioning system. Measurements were used to develop topographic models of the study site
and successive models were evaluated for topographic change using

3.1. Impact on runoff
Precipitation (P) during 2009–2017 measured at SRER 5 (339 mm)
and SRER 6 (348 mm) were slightly less than the long-term averages
(Table 2). Average annual runoff volume (Q) and Q/P ratio after check
dam construction were higher at SRER 5 than during the pre-check
dam period in contrast to lower average annual runoff volume and Q/
P ratio on SRER6 during the post-check dam period. However, the differences in average annual runoff volume are not statistically signiﬁcant
for each watershed. Average peak runoff rate was higher in both watersheds after check dam construction, but also not statistically signiﬁcant.
A more complete analysis of runoff characteristics can be accomplished
in the future by evaluating ﬂood frequencies before and after check dam
construction, but given the variability inherent in runoff on the SRER
(Polyakov et al., 2010) at the current time the post-construction period
of record is not long enough to conﬁdently interpret temporal patterns.
The contrasting impact of the check dams on runoff is reﬂected in
the double mass plot of cumulative precipitation and cumulative runoff
(Fig. 2). Both watersheds show clear evidence of a change in the relationship in response to treatment however, the impact on SRER 5 was
short-lived while the impact on SRER6 persists. Although located within
300 m of each other, each watershed is characterized by distinct soils,
vegetative cover, and the degree of channel network development.
Established grasses on SRER6 retard surface runoff contributing to inﬁltration into soils that are sandier than on SRER5 where runoff is routed
efﬁciently over bare soils and through an incising drainage network. The
runoff records prior to check dam construction show that measured
runoff from SRER 5 was approximately three time that of SRER 6
(21.8 mm/yr vs. 7.7 mm/yr, Polyakov et al., 2010). Differences in soil
type and water holding capacity of the soils that inﬂuence runoff response make direct comparison of treatment effect difﬁcult and point
to the fact that heterogeneity across rangelands will results in varying
responses to treatments.

Table 2
Characteristics of measured precipitation (P), runoff (Q), and sediment (S).
SRER5
Average annual P (mm)
Average annual Q (mm)
Average annual Q/P
Q producing P events (%)
Number of Q events with S samples
% of Q events sampled for S
SRER6
Average annual P (mm)
Average annual Q (mm)
Average annual Q/P
Q producing P events (%)
Number of Q events with S samples
% of Q events sampled for S

1975–2008

2009–2017

1975–2017

396.6
22.2
0.06
17
127
28.9

338.6
39
0.12
19.8
56
42.7

384.4
25.7
0.07
17.6
183
32.1

1976–2008

2009–2017

1976–2017

402.1
8
0.02
12.3
59
19.5

347.5
4.9
0.01
12.2
4
4.8

390.4
7.3
0.02
12.2
63
16.3
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Fig. 2. Accumulated precipitation vs. accumulated runoff measured at watersheds SRER 5 and 6 that were treated with check dams in 2008.

3.2. Sediment accumulation and longitudinal channel proﬁle adjustment
Sediment accumulated during the ﬁrst season of runoff experienced
by the check dams on SRER5 and backﬁlling was rapid. Three years
after construction, they were ﬁlled to 80% of their capacity (Polyakov
et al., 2014). On both watersheds, sand size grains dominate the particle
size distribution of deposited sediment (Fig. 3). Sand makes up, on average, 97% (standard deviation 4%) and 89% (standard deviation 7%) of the
sampled sediment upstream of check dams on SRER 5 and 6 respectively.
The average D50 measured on SRER 5 was 0.44 mm, which is smaller than
the 0.76 mm average D50 measured on SRER 6. Although there were no
longitudinal trends in particle size distribution, there were slightly more
silts and clays in samples collected from the upper end of SRER 5 than
from the lower reaches. However, the highest value measured of silts
and clays was 3.5%. Sediment continued to accumulate through 2018 effectively re-grading the main channel and its tributaries (Fig. 4). Clearly,
grade control and sediment retention can be accomplished with check
dams. However, although the impact on channel grade is persistent on
SRER 5, there is limited capacity to store additional sediment.
Sampling sediment in runoff is notoriously difﬁcult in semiarid landscapes where ephemeral channels only experience runoff, which occurs
as short-lived ﬂash ﬂoods, during a small number of ﬂows annually.
Prior to check dam construction, 32% of runoff events were sampled
for sediment at SRER 5 and 20% at SRER6 (Polyakov et al., 2010. Although a higher percentage of runoff events were sampled during the
post check dam period (43%) at SRER5, the difference in mean sediment
concentration in samples collected 1976–2008 (2.6%) is not statistically
different from the mean concentration (3.5%) from 2009 to 2017. In
contrast, the check dams on SRER 6 are not ﬁlled to capacity but they
have had a statistically signiﬁcant impact on sediment concentration.
Prior to check dam construction the mean sampled sediment concentration was 0.6% and was reduced to 0.3% after check dam construction.
3.3. Geomorphic considerations for check dam use
The contrasting morphological response to check dams between
proximal watersheds suggests that the roles of geomorphic setting,

Fig. 3. Particle size distributions for sediment accumulated upstream of check dams on
watersheds SRER 5 (top graph) and SRER 6 (bottom graph).
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Fig. 4. Longitudinal channel proﬁles measured in 2008 and 2018 showing check dam induced gradient changes on watersheds SRER 5 and 6.

soils, cover conditions, and base level inﬂuences are important determinants in project outcome and therefore should explicitly be included in
restoration planning. Alluvial fans are depositional environments
within which erosion re-organizes sediment (Bull, 1977). Across an alluvial fan, local slopes, soil, sub-watershed area, and the state of active
erosion or deposition can be highly variable. The impact of this variability on restoration outcomes is demonstrated by the differing responses
to check dams between two proximal watersheds. Generalized descriptions of process responses may not be helpful in managing expectations
for project outcomes, and points to the need for broad landscape scale
perspectives for more informed treatment decisions.
On SRER 5, sediment accumulated in response to the check dams
and local topographic changes have resulted in variable geomorphic responses among reaches within the channel network. Before the check
dams, the channel network upstream and out of the direct inﬂuence
of the base level controlling ﬂume was comprised of a dendritic pattern
of incising channels characterized by near vertical and eroding channel
walls in lower reaches. The degree of channel incision was less in the
upper reaches, but were actively incising. After nine seasons of runoff,
channel grades in the lower reaches have stabilized, but the upper
reaches continue to collect sediment with local elevations above the
original landscape surface. Aggradation did not stop after accumulation
reached the height of the check dams. Established vegetation in the
upper end of the watershed continues to induce sediment accumulation
such that local deposition slopes exceed those of the original channel
slope. New primary concentrated ﬂow paths have formed in these deposits, and continued sediment accumulation is causing channel avulsion and redirection of runoff pathways away from the original
drainage network. This evolution is summarized conceptually in Fig. 5.
The new concentrated ﬂow paths may in turn incise creating new challenges to grade stabilization.
Although the response at SRER 5 shows that check dams can effectively be used to stabilize and re-grade channels and enhance

vegetation (Fig. 6b and c), ten years after treatment, the large areas of
bare soil characterize the interﬂuve areas (Fig. 7). These areas were
not treated. This points to the importance of comprehensive restoration
approaches that address both channel and upland and interﬂuve degradation to accomplish watershed restoration. Watershed-wide vegetative cover is needed to reduce surface soil erosion and this requires
coupling in-channel and upland restoration strategies. It is important
to distinguish between techniques for treating degraded watersheds
(e.g., check dams vs. seeding) and restoration project objectives
(e.g., grade stabilization vs. erosion reduction).
4. Conclusions
We evaluated porous rock check dams in two instrumented rangeland watersheds to test the hypothesis that check dams would reduce
watershed sediment yield, stabilize channels, and facilitate watershed
restoration. Although the watersheds are within 300 m of each other,
after check dam construction the watersheds experienced contrasting
runoff and geomorphic responses.
Both watersheds experienced a change in runoff after check dam
construction. However, the change was short-lived on one watershed
and is persistent on the other watershed. This is attributable in part to
differences in watershed soils and vegetative cover. Heterogeneity in
watersheds characteristics typiﬁes many semiarid rangelands. Thus,
the realized response to check dams may not be consistent with general
process descriptions that anticipate reduced watershed runoff velocities
and sediment yields.
Check dams can be an effective tool for stabilizing and controlling
channel grade. However, the impact of check dams on watershed outlet
sediment concentration and channel morphology ten years after construction is also variable with watershed soils, vegetative cover, and
drainage network characteristics affecting responses. In addition, highly
variable rainfall and runoff suggest that long-term monitoring is critical
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b
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Fig. 5. Conceptual model of landscape evolution in response to check dams, a) incising
channel and newly placed porous rock check dams, b) initial accumulation of sediment
and establishment of vegetation, c) accumulation of sediment creating topographic high
regions that alter primary runoff pathways.

for accurately interpreting the process response to landscape treatments. Further, in environments where high sediment loads and ﬂash
ﬂood transport dynamics can rapidly alter local morphology, such as
on alluvial fans, local deposition may cause new concentrated ﬂow
paths, which in turn may incise. Ongoing monitoring and maintenance
are critical. Watershed physical characteristics and geomorphic setting
should explicitly be considered in site selection and in managing expected outcomes. In addition, terminology is important. Both bare soil
and incising drainage networks characterize many degraded
rangelands. It is important to distinguish between “erosion control”
and “gully or channel grade stabilization”. Although check dams are
shown to stabilize channel grades and alter in-channel conditions to
support vegetation, these changes do not alter interﬂuves thus, “watershed restoration” is not accomplished. However, with more time, the
seed banks associated with vegetated channels may contribute to
revegetating the interﬂuves.
Missing from our analysis is a cost/beneﬁt analysis. Given the marginal tangible impact of the check dams on SRER 6, and the

Fig. 6. Response to check dam on upper end of SRER 5 showing a) site condition during
construction 11/23/2009, b) sediment accumulation and vegetation on channel margins
4/18/2012, and c) buried check dam, sediment accumulation and established vegetation
2/1/2017. A complete set of photos can be viewed at https://apps.tucson.ars.ag.gov/
srcheckdams/.

development of new concentrated ﬂow paths induced by deposition
on SRER 5, it is difﬁcult to suggest generally that check dams be used
to treat degraded rangelands. Although site-speciﬁc information on watershed characteristics is critical in project planning, cost/beneﬁt analyses could provide important information for determining if an
investment in check dams is justiﬁed in a particular watershed, especially if physical and cover characteristics limit runoff and sediment responses to treatment.
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Fig. 7. Photograph of SRER 5 area adjacent to check dam treated channel showing vegetated channel area and sparsely vegetated interﬂuve.
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