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Abstract 

Anthropogenic disturbances are increasing in arid lands, as are expectations to successfully 

minimize impacts to natural resources and reclaim sites to publicly acceptable levels. This 

research explores the effectiveness of reclamation practices on a 60 mile natural gas pipeline 

constructed in September of 2014 that spans from west of Tucson to the border of Mexico. First, 

a controlled field experiment was conducted to assess the effects of seeding, grazing, and 

trampling (vehicular, cattle, and human foot traffic) on the reclaimed pipeline Right-Of-Way 

(ROW). Vegetation establishment (native plant cover; undesirable plant cover; species richness; 

herbaceous biomass), soil movement, and plant functional group community development was 

compared among the treatments. Reclaimed ROW areas left to recover without seeding resulted 

in similar vegetation cover, species, and community composition as undisturbed desert areas, 

although the presence of undesirable species was greater. The combined impacts of grazing and 

trampling resulted in reduced vegetation establishment and increased soil erosion. Second, the 

impacts of the pipeline construction on ephemeral wash channels were analyzed in terms of 

channel morphology and riparian vegetation changes. Channel cross section dimensions were 

measured upstream of the ROW, downstream of the ROW, and within the ROW before and after 

the 2015 Monsoon season to evaluate impacts on channel morphology and erosion processes. 

High resolution aerial imagery taken before and after pipeline construction was used to evaluate 

changes in riparian vegetation cover. Reduced herbaceous vegetation cover downstream of the 

ROW was detected, which may have been the result of increased channel scour within the ROW 

and increased sediment deposition downstream of the ROW.  This research improves our 

understanding of and may aid in selection of appropriate reclamation practices. 
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Impacts of seeding, grazing, and trampling on semi-arid revegetation: Seeding 

alters plant community trajectory 

 

Abstract 

Questions: How do seeding, grazing, and trampling (vehicular, cattle, and human foot traffic) 

impact vegetation establishment and soil movement on a newly reclaimed pipeline right-of-way? 

Will these factors result in differing vegetation communities?  

Location: Southern Arizona (USA) 

Methods: We established 27 (30 X 45 m) plots and randomly selected nine seeded and nine 

unseeded within a pipeline disturbance, as well as nine adjacent undisturbed unseeded controls. 

Within each of the 27 plots, we established grazed-trampled, grazed-untrampled, and ungrazed-

untrampled sub-plots at regular intervals. One year after pipeline reclamation, we measured 

native plant cover, undesirable plant cover, species richness, herbaceous biomass, and soil 

movement. We analyzed the effect of seeding, grazing, and trampling on cover, biomass, 

density, richness, erosion, and compared vegetation community development.  

Results: Seeding with an 18 species seed mix resulted in greater native plant cover, species 

richness, and herbaceous biomass than was measured in both the unseeded plots and the control 

plots. The unseeded plots resulted in similar native cover and species richness compared to the 

control plots; unseeded and control plots also had similar species composition and comparable 

communities based on functional groups. However, cover of undesirable plant species was 

greater in the unseeded plots compared to the control plots. Sub-plots exposed to grazing and 

trampling resulted in lower native plant cover, species richness, and caused greater soil erosion 

than sub-plots protected from grazing and trampling.  
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Conclusions: The results suggest that seeding a semi-arid reclamation site may set the plant 

community on a trajectory to recover to a different plant community than existed pre-

disturbance. Preserving the soil seed bank and access to proximal seed sources may better allow 

natural vegetation recruitment in lieu of seeding. Managers should consider temporarily 

excluding grazing and trampling from a reclamation site for increased vegetation establishment 

and soil stability. 

 

Keywords: Erosion; Invasive species; Land management; Priority effects; Restoration ecology; 

Reclamation; Seed sources; Southwestern US; Vegetation communities; Vegetation 

establishment 

 

Abbreviations 

ROW = Right of way  

NMDS = Nonmetric multidimensional scaling 
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Introduction 

 

Arid and semi-arid lands worldwide experience land degradation from natural resource 

extraction and the accompanying infrastructure expansion (Whisenant 1999; Lambin & Geist 

2006). These industries typically have both the capability and the responsibility for at least 

partially reclaiming land degraded by these uses.  From the industrial perspective, understanding 

the best practices for reclaiming degraded lands is critical to fast, efficient, and publically 

acceptable reclamation. Arid and semi-arid grasslands have been particularly challenging for 

reclamation because they are slow to recover vegetation naturally (Lathrop & Archbold 1980), 

experience widely varying spatial and temporal rainfall patterns that limit vegetation 

establishment (Slatyer & Mabbutt 1964; Hoffman & Cowling 1990), and have soil fertility and 

moisture holding characteristics that can further arrest plant development (Bainbridge & Virginia 

1990). Without active reclamation in arid and semi-arid environments, some sites recover well 

but others may take centuries for post-disturbance recovery to resemble pre-disturbance plant 

communities (Batanouny 1985; Abella 2010; Berry et al. 2016).  

Direct seeding remains one of the most common active arid and semi-arid land 

reclamation treatments because of its low cost and applicability to large-scale disturbances 

(Bainbridge 2007). While common use would imply the established effectiveness of direct 

seeding for establishing desirable vegetation communities, instead research has yielded mixed 

and inconclusive results depending on the specific reclamation goals (e.g. Cox et al. 1982).  In 

some instances following a disturbance, the priority has been to quickly establish vegetation 

cover regardless of species composition in order to prevent soil erosion (Whisenant 2005). While 

preventing erosion remains important, there has been increased interest in examining the success 



9 
 

of more passive reclamation and understanding interactions between introduced seeded species 

and those species naturally colonizing from surrounding areas (Baasch et al. 2012; Chuman 

2015).  

The order and timing of species arriving to a disturbed site can have long-term impacts 

on the community trajectory and composition. These effects have been termed “priority effects” 

because the plant species that establish first can suppress later arriving plant species (Belyea & 

Lancaster 1999; Young et al. 2001). Priority effects can be a factor of species’ reproductive 

strategies; in arid regions early germination of native or exotic plants can provide a competitive 

advantage (Stevens & Fehmi 2011; Wainwright et al. 2012).  To forestall invasive and other 

undesirable species, seeded species are typically added shortly after the disturbance ends because 

desired species may have limited ability to quickly disperse into disturbed sites (Bossuyt & 

Honnay 2008; Seabloom et al. 2003). Seeding may not entirely prevent undesirable species 

because the movement of people and equipment inadvertently bring exotic plants during 

construction, maintenance, and the recreation that follows improved access (Hansen & 

Clevenger 2005).  

Ongoing uses of adjacent lands such as recreation and livestock production, both 

common uses of arid and semi-arid lands, can spill onto lands being reclaimed.  Vehicle tracks 

disturb the topsoil and cause soil compaction which impacts plant root development and overall 

vegetation establishment (Webb & Wilshire 1983; Batany 1985, Kinugasa & Oda 2014). Human 

foot trampling has been shown to reduce vegetative cover (Cole 1995). Trampling by cattle 

(independent of forage consumption), can reduce vegetation ground cover and biomass (Dunne 

et al. 2011). Livestock grazing that occurs before seedlings are well established on arid 

reclamation sites has been shown to reduce biomass and decrease vegetation community 
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diversity (Whisenant & Wagstaff 1991).  Even after seedlings establish, grazing early seral 

seeded communities has been shown to slow successional recovery whereas grazing had few 

impacts on mid and late seral communities (Milchunas & Vandever 2014).  Conversely, ungulate 

grazing and trampling has been prescribed to enhance revegetation efforts by proponents (Winkel 

& Roundy 1991; Martin & Wilsey 2006).  Grazing effects can be more damaging on poorly 

productive sites where species richness decreases while grazing can increase species richness in 

highly productive sites (Lezama et al. 2014).  

We hypothesized that seeding a disturbed area with a diverse mix of desirable native 

species will result in greater native plant cover, less undesirable plant cover, and greater species 

richness as compared to an unseeded area (hypothesis 1). To examine the ability of native plants 

to propagate from the adjacent undisturbed areas or from the soil seed bank; we hypothesized 

that unseeded plots will result in a different plant community with less native cover than control 

plots (hypothesis 2). We hypothesized that grazing will result in lower native vegetation cover 

and a different plant community than sub-plots protected from grazing (hypothesis 3). Areas 

being trampled in this study (lumped cattle, vehicles and people) will also inherently include the 

impacts of grazing; therefore we expected the impacts of grazing and trampling in combination 

to be greater than the impacts of grazing alone (hypothesis 4).  
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Fig. 1. The pipeline corridor spans between Tucson, Arizona and 

the border of Mexico through the Sonoran Desert in Southern 

Arizona. The experimental site is located roughly at the mid-point 

of the pipeline’s extent in the United States to minimize human 

interference.  

 

Methods 

Site Description:   

During September of 2014, a 96 km pipeline was constructed between southwest Tucson, 

Arizona USA and the border of Mexico at Sasabe, Arizona (Fig. 1). The study site was a 2.5 km 

section of the pipeline 30-m right of way (ROW) roughly 48 km south of Tucson (32° 15' 

12.4560'' N, 110° 54' 42.4404'' W). The site was nearly flat (< 5 m difference in elevation 

throughout the site) with silt loam soil at 775 m asl. The vegetation consisted primarily of shrubs 

Prosopis velutina and Vachellia constricta in the overstory, with sparse cacti, annual grasses, and 

annual forbs making up the 

understory. The study region had a 

history of heavy over-grazing by 

cattle since the early 1900’s and the 

study site continues to be moderately 

grazed by cattle during the winter 

months (December through 

February). The past grazing likely 

caused a shift from a native perennial 

grassland to a shrub dominated 

woodland (Browning & Archer 

2011). The study site receives an average of 

360 mm annual precipitation, of which 

approximately 53% (190 mm) comes during 

the hot summer monsoon season with the 
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Fig. 2. Experimental design along the 30 m wide pipeline 

corridor. The entirety of the study site runs approximately 

2.5 km in length and is located on public land that is leased 

for grazing by local ranchers. 

remainder in winter. (WRCC 2015). For the duration of the approximately yearlong study 

(September 2014 – October 2015), the study site received 390 mm of precipitation, which 

includes 212 mm precipitation from the summer 2015 monsoon season (NOAA 2015).  

 

Experimental Design: 

The study site was divided into 18 

homogenous plots that avoided confounding 

impacts from wash drainages.  In October 

2014, nine 30 X 45 m plots were randomly 

selected to remain unseeded and nine 30 X 45 

m plots to be the seeded (Fig. 2). Adjacent to 

the nine unseeded plots, nine undisturbed 

control plots (30 X 45 m) were established 

(Fig. 2).  

Within each of the 27 treatment plots 

(nine seeded, nine unseeded, nine control), we 

established three sub-plots: an exclosure that 

prevented livestock grazing (2 X 1.5 m), an 

exclosure that prevented trampling by people, 

vehicles, and large animals but allowed 

livestock grazing (2 X 1.5 m), and an open sub plot (2 X 1.5 m). The grazing exclosure was 

fenced with approximately five cm mesh to keep cattle and large wildlife out, whereas the 

trampling exclosure was a bare structure (without fencing) that allowed cattle or other large 
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grazing animals to extend their heads into to graze, but kept out vehicles and human or cattle 

trampling.  

To determine soil loss or deposition within each sub-plot, four nails were installed flush 

with the ground surface.  

 

Reclamation & Seeding Assumptions:  

The top 100 mm of soil was segregated before construction, stored for less than 30 days, and 

returned to the surface of the ROW after construction. For the seeded plots, seeds were drilled 

into the ROW to a depth of 19 mm during the first two weeks in September of 2014 at a rate of 

4.01 kg/ha pure live seed. The seed mix was comprised of 18 species of grasses, forbs, and 

shrubs native to the region (Table 1). The functional group break down of the seed mix by seed 

weight is: 40.8% woody species, 28.6% perennial grass, 8.1% perennial forbs, and 21.9% annual 

forbs.  

 

Table1. Percent pure live seed (PLS) of species found in the seed mix. 

Semi-Desert  Grassland Seed Mix PLS (%) 

Acacia greggeii  8.2 

Lycium andersonii  23.4 

Acacia constricta  10.7 

Digitaria californica* < 1 

Setaria macrostachya* 4.5 

Sphaeralcea ambigua* < 1 

Sporobolus cryptanthus* < 1 

Bouteloua eriopoda  < 1 

Leptochloa dubia* 2.4 

Bouteloua curtipendula* 19.2 

Baileya multiradiata* 3.8 

Penstemon sp.* 3.4 

Salvia columbariae* 2.9 

Escholzia californica* 3.0 

Plantago ovata* 3.8 
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* denotes species confirmed to be growing in the seeded portion of the study site within the first year of 

seeding based on monthly surveys 

 

 

Sampling Methods: 

Following monthly site visits, a 0.16-m
2
 quadrat was used to estimate foliar cover by species, 

density by species, and total standing biomass between 28 Sept and 12 Oct 2015 which 

represented post-2015 monsoon peak biomass production. A pilot study was conducted to ensure 

the quadrat size was appropriate to measure density at this site. Above ground herbaceous 

biomass (dead and alive) was clipped to the soil surface and dried for 48 hours at a 70° C. 

Species termed “native species” were those native to the Southwestern US and included all seed 

mix species (Table 1) as well as Atriplex canescens, Boerhavia erecta, Bouteloua aristidoides, 

Bouteloua rothrockii, Cypantha angustifolia, Eragrostis cilianensis, Haplopappus spinulosus, 

Panicum dichotomiflorum, Prosopis velutina, Tidestromia lanuginose, Trichloris crinita.  

Species termed as “undesirable species” did not occur at the research site prior to reclamation 

and were not in the seed mix. They included: Amaranthus palmerii, Brassica tournefortii, 

Ambrosia spp, Cirsium spp. The vertical difference between the soil surface and the base of the 

head of the nails were measured. 

 

Data Analysis: 

Total vegetation cover (%), total biomass (kg/ha), species richness (species/0.16 m
2
, and soil 

movement (mm) were log-transformed to meet normality assumptions (Shapiro-Wilk P = 0.09, P 

= 0.15, P = 0.14, P = 0.09 respectively). The data were back transformed for presentation.  The 

four vegetation response variables (native species cover (%), undesirable species cover (%), 

Lupinus spp. (2) * 11.6 

Chamaecrista fasciculata* 2.0 
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species richness (species/0.16 m
2
), total herbaceous biomass (kg/ha) were initially analyzed with 

a Multivariate Analysis of Variance (MANOVA) to determine significance of treatments (N = 

80; one plot was not used due to rodent damage). Once treatment significance was determined, 

univariate tests were used including the Tukey-Kramer multiple comparisons test to isolate 

effects. Soil movement (mm) was analyzed separately due to having fewer observations (N = 78) 

due to unrecoverable soil nail locations.   

 Nonmetric multidimensional scaling (NMDS) was used to identify trends in vegetation 

communities among treatment plot types. NMDS simplifies elements of a community into fewer 

dimensions to allow interpretation and communication of system changes (Gauch et al.1981). 

We split the vegetation cover (%) into six functional groups for NMDS analysis: undesirable 

species, native perennial grasses, native annual grasses, native perennial forbs, native annual 

forbs, and native woody species. The land management sub-plots (grazed-trampled, grazed-

untrampled, ungrazed-untrampled sub-plots) were analyzed and plotted separately from the 

reclamation plots (seeded, unseeded, control plots).  All data analysis was completed in SAS 

(SAS Institute Inc., USA). 

 

Results 

 

Based on the MANOVA analysis of the combined effect of effects of vegetation variables 

(native species cover, undesirable species cover, species richness, and biomass), the reclamation 

treatments (seeded, unseeded, control plots) were significant (P < 0.01), while the management 

treatments (grazed-trampled, grazed-untrampled, ungrazed-untrampled sub-plots) and 
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interactions between the reclamation and management treatments were not found to be 

significant (P = 0.28, 0.75 respectively).  

The seeded plots resulted in greater native plant cover (41.3%) than the unseeded plots 

(20.5%; P < 0.01) and the control (8.7%; P < 0.01; Fig. 3). Within the seeded plots, 24% cover 

was species from the seed mix, 3.5% cover was undesirable species, the remaining 16% cover 

was species naturally recruited from the seed bank and surrounding areas. The unseeded plots 

resulted in 7.5% cover of undesirable species, which was significantly higher than the control (P 

= 0.02). Seeding also had significant impacts on species richness as it resulted in an average of 

3.0 species/0.16 m
2
, which is significantly more species than the 1.6 species/0.16 m

2
 in the 

unseeded plots (P < 0.01) and the control (1.1 species/0.16 m
2
; P < 0.01). The control plots 

showed significantly less total herbaceous biomass (85 kg/ha) than the seeded (596 kg/ha; P < 

0.01) and unseeded (431 kg/ha; P = 0.01) plots. Seeded and unseeded plot biomass were not 

significantly different (P = 0.35).   

The ungrazed-untrampled sub-plots had greater native species cover (30.3%; P = 0.04) 

than the grazed-trampled sub-plots (14.7% native cover; Fig. 3). The grazed-untrampled sub-

plots had 25.5% native cover which was intermediate and not significantly different than either 

the grazed-trampled sub-plots (P = 0.09) or the ungrazed-untrampled sub-plots (P = 0.75). 

Ungrazed-untrampled sub-plots resulted in an average of 2.3 species/0.16 m
2
 which is greater 

than the grazed-trampled sub-plots (1.5 species/0.16 m
2
; P = 0.04). The grazed-untrampled sub-

plots were not different from either the ungrazed-untrampled plots or the grazed-trampled plots 

with 1.8 specie/0.16 m
2
 (P = 0.23; P = 0.69). Neither grazing nor trampling had impacts on 

undesirable species cover (%) (P > 0.51 for all combinations) or total herbaceous biomass 

(kg/ha) (P > 0.16 for all combinations).  
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Seeded and unseeded plots did not result in different soil movement than the control plot 

(P > 0.56 for all combinations); seeded plots lost 0.1 mm of soil, unseeded plots accumulated 0.5 

mm of soil, and control plots accumulated 1.2 mm of soil.  Grazed-tramped sub-plots 

experienced greater soil erosion with an average loss of 1.1 mm of soil whereas the ungrazed-

untrampled sub-plots accumulated an average of 1.7 mm of soil (P < 0.01). Grazing alone 

(grazed-untrampled sub-plots) resulted in an average of 0.9 mm of soil accumulation, which was 

not different from the grazed-trampled sub-plots (P = 0.05) and the ungrazed-untrampled sub-

plots (P = 0.61).   
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Fig. 3. Mean values of A) native species cover, B) undesirable species cover, C) species richness, and D) total biomass with 95% confidence 

intervals. Reclamation treatments significantly different from each other are indicated by uppercase A or B (p = 0.05); land management treatments 

significantly different from each other are indicated by lowercase a or b (p = 0.05).  
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The NMDS analysis showed unseeded plots developed a vegetation community similar to 

the control plots, whereas the seeded plots clumped into a different community (Fig. 4). 

Dimension 2 of the reclamation treatment ordination (seeded, unseeded, control plots) was most 

highly correlated with the “Undesirable” (R
2
 = 0.6) and “Perennial Grass” (R

2
 = 0.7) functional 

groups; Dimension 1 was correlated highest with the “Annual Forb” (R
2
 = 0.6) functional group. 

Bouteloua aristidoides (an annual grass) was the dominant understory species of both the control 

plots and the unseeded plots. While the seeded plots naturally recruited some B. aristidoides, 

they were dominated by seeded perennial grasses and forbs (Table 1). Trampling and grazing did 

not alter the vegetation community development enough to be distinguishable in NMDS analysis 

(Fig. 4).  

 

 Fig. 4. Results of the multidimensional scaling analysis comparing plant communities based on ecological 

functional groups emerging from A) reclamation treatments and B) land management treatments. The diverging 

vegetation community that resulted from the seeded plots is circled (4A).  
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Discussion 

 

General recovery: 

After growing for part of one growing season and all of another, the vegetation in the unseeded 

plots had similar species richness and native plant cover to the undisturbed control plots. This 

was unexpected based on other studies on semi-arid sites.  In a Southwestern US study of natural 

recovery decades after disturbance by agricultural and urban activities, Stylinski & Allen (1999) 

found that the cover of desirable native species did not return to a pre-disturbance state due to the 

colonization and persistence of exotic annual species immediately after the disturbance. In 

another study, Waller et al. (2016) found that seeding, especially in combination with other 

treatments such as herbicide application, burning, and tilling, was essential to promoting native 

plant cover and inhibiting weedy plant cover in a disturbed grassland in South Africa. The 

authors hypothesized that limited species seed dispersal capabilities of native species as well as 

competitive pressure from exotic grasses inhibited natural recovery. Low seed persistence in the 

soil seed bank was reported by Scott & Morgan (2011) in semi-arid grasslands of Australia 

suggesting that seed-rain recruitment is a more important mechanism for recolonizing disturbed 

sites than persistent seed banks. They additionally found that of the seeds persisting in the seed 

bank, ruderal annual grassland species dominated both the seed bank and standing vegetation in 

early stages of succession. In our study, native annual seeds were able to either persist in the 

stockpiled surface soil or disperse onto this narrow disturbance from adjacent intact desert.   

Both the seeded and unseeded plots produced greater herbaceous biomass and total plant 

cover than the control plots which implies that the disturbances to the existing vegetation or soil 

profile improved conditions. Both the removal of mesquite/cactus and increased infiltration have 
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been shown to improve conditions for herbaceous vegetation.  The undisturbed control likely had 

low ground cover and productivity compared to its potential because Southern Arizona has 

undergone land use change from grassland to woodland/shrubland due to altered fire and grazing 

regimes (Browning & Archer 2011). The newly occurring vegetation could have been stimulated 

by the removal of competing mesquite and cactus species during construction similar to the 

findings of Hessing & Johnson (1982) who studied the recovery of a different Sonoran Desert 

pipeline corridor. Improved vegetation metrics in seeded and unseeded plots compared to control 

plots could also be due to the soil ripping that occurred during reclamation, which has been 

shown to increase above ground plant productivity in arid grasslands (Miyamoto et al. 2004). 

 Grazing alone did not negatively impact native vegetation establishment, soil movement, 

or lead to an increase in undesirable weedy plant presence even though there was moderate cattle 

use in the study area during the winter months. Davies et al. (2015) similarly found that dormant 

season grazing on dry shrub-grasslands of Eastern Oregon, USA only temporarily reduce forb 

and grass cover and had no negative impact on desirable perennial grass basal cover or 

production, nor did dormant season grazing increase invasive species presence. Gornish & 

Santos (2016) examined the impacts of grazing on an annual grassland restoration site in 

California, USA that had been seeded with native species 10 years prior to the study and found 

that grazing led to decreased desirable seeded native plant cover, which resulted in a dominance 

of invasive species. Gornish & Santos hypothesize that drought conditions occurring during their 

study period played a role in the outcome as the invasive species may have competed strongly 

for moisture availability and the authors suggest that low intensity grazing may be appropriate 

for seeded sites in years not characterized by drought. Higher than average rainfall during our 

study period may have enhanced vegetation growth in the face of grazing; for example, Fynn & 
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O’Connor (2000) found that precipitation was more influential than grazing intensity on semi-

arid rangeland productivity in South Africa over a 10 year study period. 

 The combined effect of trampling and grazing (grazed-trampled sub-plots) reduced native 

plant cover, reduced species richness, and caused greater soil erosion as compared to the areas 

that were protected from both grazing and trampling (ungrazed-untrampled sub-plots). The 

impacted areas were visibly different as well with soil scars from vehicles, trampling, and animal 

trails on the pipeline ROW which remained throughout the study period. These findings support 

a number of other studies: Salihi & Norton (1987) found that grazing increased perennial grass 

seedling mortality in semi-arid rangelands of the Southwestern US, which the authors primarily 

attribute to livestock trampling;  Allington & Valone (2011) found that cattle grazing and 

trampling on arid grassland of Arizona reduced native plant cover and increases soil compaction 

(bulk density) over a long term period; Lezama et al. (2014) showed that grazing reduced species 

richness in grass and shrub lands in study sites ranging across Argentina and Uruguay. In a study 

simulating cattle trampling on a dry rangeland of Kenya, Dunne et al. (2011) found that 

trampling reduced plant cover, biomass, and plant regeneration. They also found that cattle 

trampling increased soil loss, which they attribute to reduced vegetation cover and disturbed 

topsoil structure.  Compaction of arid soils from vehicles and equipment operation was shown by 

Bainbridge & Virginia (1990) to reduce root growth of desert plants which inhibited seedling 

survival. 

 

Seeding & plant community trajectories: 

Unseeded plots resulted in nearly identical species composition and functional group community 

assemblage as control plots whereas seeded plots produced species composition and community 



23 
 

assemblage more closely resembling that of the seed mix rather than that of the control plots. 

While the species making up the seed mix are all native to the Southwestern US region and 

desirable rangeland plants, their initial establishment in seeded plots may lead to long term 

differences in vegetation communities compared to the surrounding desert communities 

according to the principles of priority effects where initial colonizing species may inhibit later 

successional species (Belyea & Lancaster 1999).  Passive revegetation (not seeding) has been of 

recent interest to the research community and has been found to be a viable option in arid and 

semi-arid grasslands throughout the world in several longer-term studies. Martinez-Ruiz et al. 

(2007), in a study on reclaimed mine tailings in Mediterranean grasslands, found that the native 

vegetation from adjacent undisturbed areas showed high capacity to colonize in disturbed areas 

and maintained or increased presence over four years of research. They found significant 

differences in species composition between seeded and unseeded areas the first two years of 

research, but the differences were no longer significant after year two (Martinez-Ruiz et al. 

2007). Baasch et al. (2012), taking a similar approach in dry grasslands in Central Europe, found 

species from adjacent sites were able to migrate into post-mining disturbed areas, which led to 

increasingly similar community composition and species richness between unseeded sites and 

undisturbed sites throughout nine years. Baasch et al. (2012) noted that seeds sources were 

readily available and site conditions were adequate for natural seed establishment. Fehsham et al. 

(2016) executed a chronosequenced study on old agriculture fields in Australian grasslands that 

reveals native annual grasses and forbs can quickly establish cover on disturbed sites without 

seeding due to high dispersal capabilities and proximal seed sources. Perennial grasses were 

slower to recover presence naturally because they have less effective dispersal strategies, but 

showed linear recovery patterns (Fensham et al. 2016).    
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Seeding may even be harmful to an ecosystem; Walker & Powell (1999) measured the 

differences between seeded and unseeded roadsides in the Mojave Desert and found that 

unseeded areas recovered to similar species richness and community composition as undisturbed 

areas whereas seeded areas were dominated by seed mix species after four years. Their 

community composition results resemble ours and they suggest that competition from seeded 

species may inhibit later succession, thus seeding maybe less effective for replicating pre-

disturbance plant communities (Walker & Powell, 1999). Tropek et al. (2012) measured 

arthropod communities to indicate ecosystem recovery on reclaimed mine spoils in a semi-arid 

region of the Czech Republic; seeding the spoils was shown to have negative impacts to the 

arthropod communities that developed in comparison to unseeded sites. Specialized arthropod 

groups preferred sites with spontaneous vegetation development because natural succession takes 

longer to develop so unseeded areas had greater heterogeneity, which provided better habitat, 

than seeded areas (Tropek et al. 2012). Tropek et al. emphasized that seeding should be used 

only in areas with well justified concerns. 

The unseeded plots in our study, however, allowed for greater establishment of 

undesirable weedy plants. In a synthesis of studies looking at plant succession in disturbed sites 

in the arid Southwestern US, strong evidence was found that annual plant cover, including weedy 

annual species, tends to establish quickly after disturbances (Abella 2010). Baasch et al. (2012) 

again reinforces our findings; they found unseeded treatment plots were colonized by 

rudimentary “undesirable” species as well as more desirable rangeland species from adjacent 

areas on mine tailings. Further, desirable rangeland species persisted and continued to propagate 

to a high degree after nine years despite the presence of weedy species, leading the researchers to 

conclude that the early colonizing undesirable species did not replace the target native species 
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over time (Baasch et al. 2012). A longer monitoring timeframe for our study would be needed to 

see whether undesirable species and seed mix species will persist in comparison to naturally 

recruited species. 

 

Management implications 

The need to apply seed to reclaim lands in this situation remains unclear.  The seeded areas could 

be considered better than areas without seeding in many respects, including having greater 

vegetative ground cover, suppressing undesirable plants, and increasing the number of species 

present which may make the vegetation more resilient in the face of stress such as drought. Not 

seeding and allowing natural recruitment resulted in species richness, native plant cover, species 

composition, and functional group community clustering that closely resembled the control plots, 

thus may end up blending into the surrounding areas better than seeded plots. Additionally, 

natural recruitment provided adequate ground cover to protect the soil from erosion. A pilot 

study could verify seed banks and dispersal abilities to dispel some of the pressure to use more 

active practices if the goal is to return a site to extant condition.  While universally agreed goals 

may not be possible and there is generally pressure to add seeds to reclamation sites, options 

remain available to create similar communities and aesthetics as the surrounding areas.  A 

compromise might be that the species seeded could be more closely matched to those already on 

the sites to avoid changing the vegetation community composition when seeding a reclamation 

site.  

 The contrast between a recently disturbed site and an undisturbed site usually shows the 

undisturbed site as better in all respects.  In our comparison, the disturbance showed a substantial 

positive effect (i.e. forage production improved in all reclamation treatments compared to 
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undisturbed desert controls) which at least implied that the surrounding lands were in degraded 

condition.  Our study design cannot resolve differences between removing woody species and 

cacti versus increasing infiltration and reducing compaction. We also partially attribute the 

robust vegetation establishment at this reclamation site (regardless of whether the area was 

seeded or not) to adequate precipitation and suggest that precipitation is an extremely important 

driver for successful reclamation projects in arid and semi-arid regions.    

Dormant-season cattle grazing did not impact vegetation establishment in terms of 

rangeland productivity nor did it significantly alter the community composition based on 

functional groups. However, the combination of grazing and trampling reduced species richness, 

reduced native plant cover, and caused soil erosion. The vehicle use especially in the first month 

after reclamation appeared at least anecdotally to have a substantial impact on later plant growth.  

The general prescription of keeping cattle and vehicles off reclaimed sites for at least two full 

growing seasons (Stevens 2004) seems warranted if it is possible.  
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Impacts of a reclaimed pipeline corridor on ephemeral channel systems: short-

term trends 

Abstract 

Ephemeral channels are considered highly sensitive to land disturbances due to having sparse 

vegetation, mobile bed material, and storm-by-storm driven hydrology. This research measures 

the immediate impacts of a reclaimed pipeline corridor on riparian vegetation and ephemeral 

channel morphology on a series of adjacent channels being traversed by the pipeline. High 

resolution aerial imagery taken before and one year after pipeline construction was used to 

evaluate changes in riparian vegetation cover downstream of the pipeline construction. 

Reduction in herbaceous cover, but not shrub cover, was detected downstream of the pipeline, 

which may have been the result of sediment depositional processes covering channel bed 

vegetation and altering channel pathways. Channel cross section dimensions and longitudinal 

channel profiles were measured upstream of construction, downstream of construction, and 

within the construction zone before and after the 2015 Monsoon season to evaluate changes in 

channel form that occurred from the initial runoff season after pipeline construction. Following 

the first runoff season, sediment scour was generally detected within the pipeline construction 

zone and sediment deposition downstream of the construction. We attribute the observed 

changes to the pipeline construction process disrupting channel soil structure. This study is only 

able to present the short-term channel response trends from a series of moderate runoff flows.   

 

 

Keywords: Erosion, Xeroriparian Vegetation, Channel Morphology, Dryland Channels, Cross 

Sections, Anthropogenic Disturbances, Construction, Stream Crossings 
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Introduction 

Dryland ephemeral stream systems, characterized by channel flow in response precipitation 

events, play a central role in the dryland water cycle (Gimm & Fisher 1992), shape the physical 

landscape (Tooth 2001), and provide essential habitat for desert flora and fauna (Larned et al. 

2010). Due to increased soil moisture, ephemeral channels support greater densities of shrubs 

and grasses compared to the sparsely vegetated surrounding landscapes (Coulhard 2005). This 

vegetation can stabilize the channel banks and induce sediment deposition which modifies arid 

channel morphology (Graf 1978; Tooth 2001; Coulhard 2005; Sandercock et al. 2007). In 

particular, deep rooted shrubs on the overbank but still within the floodplain, have a stabilizing 

effect on channel morphology (Hoag et al. 2001; Osterkamp & Hupp 2010). Reduction in 

vegetative cover in and along the channels, often associated with land use change, has been 

associated with soil erosion (Thornes 1985; Wainwright & Thornes 2004; García-Ruiz 2015) and 

channel entrenchment in dryland environments (Valentina et al 2005).  

Two different processes determine ephemeral channel morphology: large infrequent flows and 

common moderate flows.  Large scale changes derive from intense but infrequent precipitation 

events which yield high discharges. These large discharge events are responsible for forming 

new channel features (Hassan et al. 2009) and the effects are visible for decades (Baker 1977; 

Friedman, Osterkamp, & Lewis 1996). In arid sand-bed streams, large flood events tend to cause 

an immediate widening of the channel followed a period of sediment deposition and vegetation 

infill during years without extreme runoff events (Friedman & Lee 2002). In periods of low flow, 

vegetation establishes on channel bottoms and banks which influences the sediment movement 

of each successive flow (Osterkamp & Costa 1987).  
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Sediment in alluvial dryland ephemeral systems tend to be well sorted; courser sand and gravel is 

deposited on the channel bed and finer sediment particles are partitioned out along channel banks 

and in the floodplain (Malmon 2004). Dryland channels have high bedload sediment transport 

capacity in comparison to perennial systems due to having unarmored sand and gravel channel 

beds combined with flashy hydrology (Laronne 1993; Billi 2001).  Sediment transport capacity 

increases with discharge magnitude and may require a threshold discharge magnitude to produce 

any sediment movement (Dorn 2015); however, over the long term, the more numerous small 

flows accomplish most of the transport as opposed to the infrequent extreme flows (Malmun 

2004). In arid and semi-arid regions of the Western US, sand or gravel channels beds are 

frequently underlain by a cemented soil layer from accumulated calcium carbonate substrate 

where depositional processes dominate (Gile et al. 1966). The structural developmental of 

caliche layers depends on the age of the landform; the calcium carbonate layer will increase in 

expression over time in the time-scale of tens of thousands of years (Machette et al. 1985). The 

cemented layer (caliche) forms a semi-impervious stratum that slows water percolation, thus 

increasing soil moisture availability in the top portions of soil profiles in riparian areas which 

allows more robust vegetation communities compared to upland soils (McAuliffe 1994).  

Relatively little is known about ephemeral stream systems response to anthropogenic 

disturbances (Poesen & Hooke 1997; Tooth 2000; Boardman 2006).  For construction projects, 

dryland ephemeral channels are generally considered to be highly sensitive and to have great 

potential for soil erosion in response to land disturbances due in part to having narrow riparian 

corridors, unstructured and unconsolidated bed material, and thunderstorm-driven hydrology 

(Skidmore et al. 2011).  Generalized factors associated with high channel erosion response to 

construction projects include projects that remove riparian vegetation during construction and 
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projects within the channel (Skidmore et al. 2011; Thorne 2014). Disturbances that remove 

riparian vegetation cover can accelerate stream channel erosion rates (Vanacker et al. 2014), 

channel scour, and lateral channel movement in response to disturbances (Thorne et al. 2014). 

Construction activity in and around stream systems can initially result in sediment deposition 

downstream of disturbed areas but then tend to progress into a state of scour downstream of the 

construction once the disturbed sediment has been removed (Wolman & Schick 1967).  

As a disturbance, buried pipeline construction projects present some unique challenges due to 

their linear footprint, which can cross hundreds or thousands of stream channels, and their being 

emplaced underground which can allow the return of land surface features.  The installation of 

buried pipelines has been shown to result in long term alterations to: soil physical and hydraulic 

properties (Naeth et al. 1987), vegetation (Lathrop & Archbold 1980), and stream channel 

morphology (Castro et al. 2015). Recovery of arid lands to pre-construction conditions depends 

on local precipitation patterns, soil type, and landform position (Berry et al. 2016; Xiao et al. 

2016) which can vary widely across lengthy pipeline infrastructure networks. Current best 

management practices for buried pipeline construction crossing ephemeral channels include: 

crossing streams at a perpendicular angle, maintaining a vegetation buffer around the riparian 

corridor, burying pipe deeply enough to prevent pipe exposure or failure from large storm events, 

using sediment barriers during construction to keep excess sediment out of waterways, and 

revegetating or artificially stabilizing the channel, depending on the situation (Castro et al. 2015).  

Our research examines the immediate impacts of a reclaimed pipeline corridor on ephemeral 

channels. The objective of the study was to quantify the short term changes in ephemeral channel 

morphology and riparian vegetation in response to a pipeline construction project using a 

combination of field and remotely sensed methods. In a rainfall year without extreme storms, one 
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would expect low-level channel scour to occur within the unconsolidated sediments of the 

pipeline construction zone especially during the first run-off season. Loose sediment would then 

be expected to affect the downstream channel.  The movement of sediment from the construction 

could be expected to decrease of vegetation from the channel sides and bottoms downstream of 

the pipeline construction.    



38 
 

Methods 

 

Study Site 

A 17 km stretch of a 96 km natural gas pipeline Right-Of-Way (ROW) traverses the semi-arid 

Sonoran Desert Altar Valley Watershed basin between Tucson, Arizona and the border of 

Mexico at Sasabe, Arizona.  We selected 16 adjacent channels crossed by the pipeline ROW on 

undeveloped public land, primarily used for cattle grazing. The pipeline ROW crosses the 

channels (1049 - 1158 m asl) around the midpoint between the head of the channel and the 

downstream terminating confluence with the Altar Wash (Figure 1).  

Upland soils in the study area are typically very gravelly sandy loams whereas soil within the 

channels tend to be sandy loam alluvial depositions in the top of the soil profile underlain by a 

cemented clay layer approximately 90-150 cm down in the profile (USDA Soil Survey Staff 

2016). Vegetation in the study area is characterized by shrubs in the overstory and semi-arid 

grassland species in the understory; riparian areas around the ephemeral wash channels exhibit 

greater densities of shrubs on the overbank, primarily Velvet Mesquite (Prosopis velutina) and 

Desert Broom (Baccharis sarothroides). The selected channels lacked paved roads or other 

major anthropogenic disturbances within their drainage basins upstream of the pipeline ROW.   
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Figure 1. Location and general topography of the study drainage basins separated into small and large wash categories and 

where they cross the pipeline. Precipitation data was obtained from a weather station just south of the selected washes (NOAA 

2016a; SASABE 7 NW, AZ US GHCND:USC00027622 station). 

 

 

Pipeline Construction Background 

In August-September 2014, a 30-40 m wide pipeline ROW was mechanically cleared of 

vegetation, surface soil stockpiled, and 91 cm diameter pipe was installed in a trench 3 m wide in 

the center of the ROW. The depth the pipe was buried varied across the rolling landscape, but the 

specified depth beneath ephemeral channels traversed was 1-3 m below the anticipated 

maximum scour depth at the bottom of each channel. All channels examined in this study were 
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reinforced prior to soil backfilling with interlocking concrete blocks called Articulated Concrete 

Block Mats (ACBMs) (Submar Inc, Houma, LA, USA) below the channel bottom at the 

estimated depth of the former cemented layer to compensate for the soil structure changes due to 

construction. The backfilled surface was sculpted to blend with previous contours and the ROW 

was drill seeded with a suite of native shrubs, perennial grasses, and perennial forbs within a 

month of completing construction. Channels banks within the ROW were additionally hand 

planted with container stock of arid riparian shrubs Desert Willow (Chilopsis linearis), Velvet 

Mesquite (Prosopis velutina) and Fairyduster (Calliandra eriophylla). 

 

Riparian Vegetation  

Based the USGS’s National Hydrography Dataset river features, 16 channels traversing the 

pipeline were selected and categorized into 8 small washes and 8 large washes (Figure 1). Small 

drainage basins averaged 219 ha
2
 whereas large drainage basins averaged 1568 ha

2
.
  
High-

resolution vertical othro-rectified aerial imagery taken from low flying aircraft (6.7 cm cell 

resolutions, 3-band color imagery) was used to compare vegetation cover before (30 July 2014; 

Cooper Aerial Co., Tucson, AZ, USA) and after (14 September 2015, Spatial Intel, Highlands 

Ranch, CO, USA) pipeline construction (Figure 3).  Vegetation cover was estimated using 

transect belts, 3 X 83 m for small washes and 3 X 220 m for large washes, 25 m upstream, on the 

ROW, and 25 m downstream of and parallel to the ROW edges (Figure 2).  Widths of riparian 

areas (including braided channels) were delineated in ArcMap GIS (ESRI Inc., Redlands, CA, 

USA) by the abrupt increase in riparian shrub density that occurs around each channel (Figure 2). 

Transect lengths were determined by taking the average of the riparian widths by size category 

and subtracting 20% from the estimated average riparian width to ensure all transects were well 
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within the riparian areas. Transect lengths were standardized to avoid possible subjectivity in 

riparian widths from distorting vegetation cover outcomes.  

Within transect belts; polygons were digitized for aerial cover for both herbaceous and shrub 

cover. Shrubs were determined by the size and spherical shape of the shrub crown, a darker color 

hue, and a distinct texture. Bare ground and rock were distinct in the imagery (Figure 2). 

Vegetation smaller than 25 cm
2 

were considered bare.  

 
Figure 2. The transect belts located upstream (left transect) and downstream (right transect) of the ROW 

implemented on Thomas Wash. The riparian area is easily distinguished by the dense shrubs and change in soil 

color. Pre-construction imagery is shown (Cooper Aerial Co., Tucson, AZ, USA). 

 

 

Channel Morphology 
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Channel cross section measurements were made to match the vegetation transects (upstream, 

within, and downstream of the ROW) except that measurements were made post construction 

(March-May 2015) and again after one summer monsoon season (January-February 2016) for 10 

channels of similar drainage basin size (8 of which correspond to the 8 small washes examined in 

the riparian vegetation portion of this study; the other 2 are individual channels within a braided 

large wash also used in the vegetation portion). Channel cross sections were measured at 0.3 m 

intervals, with additional intermediate intervals added at points of abrupt topographic change 

(e.g. steep banks). Cross section areas were computed using standard analysis protocols (USGS 

2011). Within the same 10 channels, channel profiles were measured longitudinally down the 

channel thalweg, starting at the upstream ROW cross section and ending at the downstream 

ROW cross section in 6 m intervals. 

 

Statistical Analysis 

We applied an experimental design similar to the Before-After-Control-Impact (BACI) approach 

for comparing riparian vegetation changes with an analysis method intended for comparing a 

single control site to a single impacted site using one dataset from before impact and one dataset 

after impact, as recommended by Schwartz (2012). We assume that the upstream ROW 

measurements provide an un-impacted control and the post runoff and construction downstream 

ROW measurements represent the potential impact.  Having a comparison was important to find 

differences attributable to the pipeline separate from the year-to-year variability inherent in these 

dynamic ephemeral stream systems. Change in vegetation cover was analyzed using a mixed 

effect Analysis of Variance (ANOVA) test for herbaceous ground cover (%) and shrub cover 

(%). The impacts of year (before vs. after ROW construction), transect location (upstream vs. 
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downstream of ROW), and size class (small vs. large drainage basin) were modeled with 

ANOVA and the BACI effect was tested in the position by year interaction, size by year 

interaction, and position by year by size interaction. Significant ANOVA and BACI effect results 

were then analyzed using Tukey Kramer comparisons to tease out driving interactions. All 

statistical analysis was performed in SAS (SAS Institute, USA). 

Change in channel morphology was analyzed by comparing the percent change in cross section 

area and change in thalweg depth that occurred between survey periods among the three cross 

section positions (upstream, within, downstream ROW). Percent change in cross section area 

was calculated by dividing the net area of scour or deposition that occurred between survey 

periods by the total cross section area of the first survey period for each of the 30 cross section 

locations. Calculating percent change normalized the differences in channel widths. The mean, 

standard error, and maximum values of change were calculated to assess initial trend. 

Longitudinal channel profiles were plotted to visually assess trends.  
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Results 

Precipitation 

Precipitation data collected from the climate station near the study area (Figure 1) from 1981-

2012 shows the study area receives an average of 464 mm annual precipitation, of which an 

average of 228 mm comes during summer monsoon season (July-September) as intense 

thunderstorms (NOAA 2016a). In 2014, the area received 431 mm total precipitation, of which 

291 mm occurred during July-September. In 2015, the area received 536 mm total precipitation, 

of which 358 mm occurred during July-September (Figure 3). Pipeline construction was 

completed in September of 2014, so this study assesses the impacts of the largest precipitation 

events that occurred during late monsoon season 2014 and entire monsoon season 2015 (Figure 

3).  

 

 

 

 

 

 

 

 

 

 

Riparian Vegetation 

 

The mixed effect ANOVA analysis on the isolated impacts of year, transect position (upstream 

vs. downstream), and drainage basin size (N = 32) did not significantly impact herbaceous 

vegetation cover (P > 0.15 for all variables). The BACI effect on the transect position (upstream 

Figure 3. Total precipitation by month during the study period with the largest single events that occurred each month during the summer monsoon seasons. The 
largest single event occurred in July of 2015 and amounted to 51 mm precipitation. (NOAA 2016a) 
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vs. downstream) by year interaction (N = 16) significantly impacted herbaceous vegetation cover 

(P = 0.03) where herbaceous cover downstream of the ROW was 0.8% less than upstream cover 

prior to pipeline construction, whereas herbaceous cover downstream of the ROW was 6.7% less 

than upstream cover after construction (Figure 4). The changes in herbaceous cover after 

construction were primarily driven by the Tukey-Kramer comparisons between the interactions 

of: upstream ROW, post-construction vs. downstream ROW, post construction (P = 0.02) and 

upstream ROW, pre-construction vs. downstream ROW, post-construction (P = 0.04). The BACI 

effect did not significant for herbaceous cover for the year by drainage size interaction (N = 16; 

P = 0.34), or the transect position by year by drainage size interaction (N = 8; P = 0.46).  

 Shrub cover tended to be greater in 2015 (45.0%) than 2014 (42.1%) though not 

significantly (P = 0.08; Figure 4). The transect position by year BACI effect interaction was not 

significant for shrub cover (P = 0.81) where differences between average upstream and 

downstream cover was less than 0.8% for both years. Shrub cover was not found to be 

significantly impacted by any other variable or combination of variables (P > 0.11 for all 

combinations).  
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Figure 4. Estimated riparian vegetation cover of washes (16) by A) shrub cover and B) herbaceous cover between 

years for the downstream and upstream of ROW position with standard error bars.  The data show 2015 was a better 

year for plant growth/cover compared to 2014.  The upstream herbaceous cover (assumed to be unimpacted by 

construction) increased in 2015 while the downstream herbaceous cover decreased likely due to the impact of the 

construction.   

 

Channel Morphology: 

Based on the percent difference in total cross section area calculated between the pre run-off and 

the post run-off cross sections, eight of ten upstream of ROW cross sections resulted in net 

sediment scour; nine of ten within ROW cross sections resulted in net sediment scour; seven of 

the ten cross sections downstream of ROW resulted in net sediment deposition (Figure 5). 
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Upstream of ROW averaged 4.8% (± 2.9; standard error used for this section) cross section area 

increase (scour), maximum cross section change was 14.8% increase, and the thalweg became an 

average of 3.7 (± 2.0) cm deeper.  Within ROW averaged 9.9% (± 4.3) cross section area 

increase (scour), maximum cross section change was 42.6% increase, and the thalweg became an 

average of 10.4 (± 3.0) cm deeper. Downstream of ROW averaged 5.4% (± 3.5) cross section 

area decrease (deposition), maximum cross section change was 33.1% decrease, and the thalweg 

became an average of 6.4 (± 4.8) cm less deep.  The longitudinal channel profiles generally show 

the same trend as the cross section analysis: scour within the pipeline ROW and deposition 

downstream of the ROW (Figure 6).  

 

 

Figure 5. Percent change in area of cross sections between the survey periods by position (%) is displayed as a bar graph on the 

left axis with standard error bars. The diamonds display the change in maximum channel depth (thalweg) of cross sections 

between the survey periods by position (cm) on the right axis with standard error bars. Channel scour between the survey 

periods is expressed as increased channel profile area and deepening thalweg, as is the case for Upstream ROW profiles and 

Within ROW profiles. Channel deposition between survey periods is expressed as decreased channel profile area and built-up 

thalweg depth, as is the case for Downstream ROW profiles.  
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Figure 6.  Longitudinal channel profiles displaying the approximately 30-45 m wide pipeline ROW construction zone segment 

distinguished by horizontal lines. The left axis of each profile was standardized between channels so that the gradient does not 

appear distorted. Trends show scour within the pipeline ROW (center segment) and deposition downstream of the ROW (right 

segment) as compared to the profile segment upstream of the ROW (left segment). One channel profile measurement is absent 

due to a missing dataset.      

.  
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Discussion 

 

Our post-construction surveys (both the vegetation and morphology data) show the cumulative 

effects of the latter half of 2014 and the complete 2015 monsoon season.  These two seasons 

were comprised of the common, moderate flows observed in most monsoons in the study area.  

The largest single event over the study period accumulated 51 mm of precipitation (July of 2015; 

Figure 3).  The approximate 100 year flood event in this region would occur in response to a 137 

mm precipitation event (NOAA, 2016b). Dorn (2015) on a study of the effects of rainfall 

intensity on sediment transport in a slightly more arid region of Sonoran Desert found that very 

little channel sediment movement occurs in response to precipitation events that accumulate less 

than 10 mm of rain and that the mass of sediment transported by the two largest events 

(accumulating 86 and 104 mm precipitation) exceeded the mass of sediment transported by all 

other events combined within the three year study period. Our study period included at least 9 

storms that resulted in precipitation greater than 20 mm.  We did not have any flows which 

would be expected to re-sculpt the channels but instead only the lower-level magnitude of flows 

expected to transport sediment bed material with each event. 

 

We found a significant decrease in herbaceous cover downstream of the pipeline construction 

while the shrub cover was unchanged.  Reduced herbaceous vegetation appears anecdotally to 

have been caused by the construction zone and resulting sediment deposition altering the primary 

flow pathways, thus covering or removing vegetation growing within the channel bed. Reduction 

of herbaceous vegetation downstream of the ROW may have an incremental effect on the stream 

system, in that without herbaceous vegetation spreading and slowing flow, less infiltration 

occurs, and flows become more concentrated, sediment hungry, eventually leading to channel 
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entrenchment; similar to how ephemeral channels generally respond to road crossings (Valentina 

et al. 2005). However the magnitude of the effect is likely to be low for several reasons.  First, 

naturally sparse vegetation patterns are common in this region. Second, reduced herbaceous 

vegetation would be expected after extreme runoff events as a part of the natural dryland 

hydraulic cycle. For example, Friedman et al. (1996) describes the long term response of a 

sandbed channel following a major thunderstorm event: the discharge removed most of the 

channel bed vegetation and course material that was transported during the event formed new 

channel features where vegetation was able to establish. Third, shrubs were unimpacted by the 

pipeline construction, and given that the rooting mass of shrubs have the strongest effect on 

stabilizing ephemeral channel features (Coulhard 2005; Valentina et al. 2005), the downstream 

channel structure appears little affected by the pipeline construction during our observation 

period.  A better understanding of the natural history of the dominant plant species would be 

needed to predict how those dynamics interact with both the flows and the sediment derived 

from construction.  

   

We observed a pattern of sediment scour occurring within the ROW and sediment deposition 

occurring downstream of the ROW, which we attribute extra unconsolidated sediment being 

made available by the pipeline construction and backfill processes. Wolman & Schick (1967) 

observed that areas undergoing construction can yield sediment concentrations exponentially 

greater than undisturbed areas, particularly within the first year following construction. Excess 

sediment was found to deposit downstream of construction sites, producing new channel bars, 

shifting channel bottom configuration, and blanketing over channel bed flora (Wolman & Schick 

1967).  While the surface soil was stored separately from the subsurface material and was 
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replaced in their respective positions during pipeline construction, the backfill process inevitably 

changed the composition of the channel bed material to include a mix of soil sourced from 

upland and channel areas whereas natural processes sort particle sizes in a specific way that 

produces a sand and gravel stream bed. The sediment transported off the ROW construction zone 

appears to have often been deposited just downstream of the ROW, as is apparent in channel 

cross sections as well as channel longitudinal profile measurements taken within 45 m of the 

construction zone. The longitudinal channel profile measurements also show that the gradient 

tended to flatten out downstream of the ROW, which would cause flow to decelerate, suspended 

sediment to drop out, and further sediment aggregation.  

This study design can only estimate changes to channel form a short distance downstream of 

construction, and cannot determine possible channel impacts the excess sediment might incur 

further distances from the disturbance. Chin & Gregory (2001) in a 12 year study on how 

ephemeral channels respond to newly constructed road crossings in the Sonoran Desert, found 

that channels tend to scour immediately downstream of road crossings, but that further away 

from the crossings, channel morphology adjustments did not react consistently by distance from 

the disturbance (Chin & Gregory 2001). 

  We hypothesize that if this study period is followed by several more years characterized by low 

to moderate flow and absent of extreme discharge events, vegetation will begin to colonize on 

the new sediment deposits downstream of the pipeline and form stable channel features. Tooth 

and Nanson (2000), similar to the findings of Freidman et al. (1996), found that in sandy bed 

ephemeral channels of Australia, vegetation establishes on channel beds during dry periods, 

which can directly initiate the formation for small bars, benches, or islands. Furthermore, as 
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shrubs begin to colonize said bars or islands, they stabilization, induce sediment deposition, and 

result in flow diversions (Tooth & Nanson 2000).  

Most channels exhibited small changes in downstream vegetation cover and cross section area, 

however there were a few outliers where the change was fairly extreme; these tended to be 

channels from smaller drainage basins where the channel was already narrow and incised prior to 

construction. Merritt and Wohl (2003) found that in arid ephemeral stream systems, deposition 

tends to occur along wide, low-gradient, unrestricted channels and scour tends to occur along 

steep and narrow channels. Influence of flood events to channel morphology is inversely related 

to watershed size and aridity of location; small drainage basins in regions with highly flashy 

precipitation patterns (such as exhibited in semi-arid regions influenced by summer monsoons 

storms) will tend to have more dramatic responses to precipitation events (Baker 1977). We 

suggest these narrow channels may require greater engineering interventions to prevent 

accelerated soil loss.  

 

Conclusions 

The impacts of the pipeline construction appear minor in the first two rainfall seasons.  Longer 

term observations would be needed to determine if the changes observed represent the 

incremental beginning of a larger impact or if these changes are within the normal variability of 

channel form and vegetation.  Observations during a large or severe rainfall event would also 

offer an interesting perspective on the long-term prospective for wash stability but it is difficult 

to predict when such events may occur.  The natural history of the wash vegetation (the seed 

movement, seedbank, germination, and establishment conditions) should be better documented 
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in conjunction with expected sediment movement within channels to allow more effective 

prediction of the recovery time after vegetation is lost.  If the construction has a long-term effect 

on the channel, the changes could be expected to propagate throughout the channel system and 

areas upstream of the construction will no longer be able to serve as an un-impacted comparison.    
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