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Channel Aggradation by Beaver Darns on a Small Agricultural 

Stream in. Eastern Nebraska 
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MSTUCT 

We assessed the effect of beaver dams on channel gadation of an incised stream in an 
agricultural area of eastern Nebraska. A topogaphic survey was conducted of a reach of Little 
hluddy Creek where beaver are known to have been building dams for twelve years. Results 
indicate that over this time period the thalweg elevation has aggraded an average of 0.65 m by 
trapping 1730 t of sediment in the pools b e h d  dams. Beaver may provide a feasible solution to 
channel depradation problems in this region. 
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In eastern Nebraska, most land, which at one time was tallgrass prairie, has been converted to 
agricultural land use. This conversion has impacted stream channels both directly and indirectly. 
One major impact of row-crop agriculture is the increase in overland runoff and peak flows in 
channels. Between 1904 and 19 15 many stream channels in southeastern Hebraska were 
dredged and straightened (Wahl and Weiss 19881, resulting in shorter and steeper channels. 
These changes have resulted in severe channel incision and stream bank instability in eastern 
Nebraska and throughout the deep loess regions of the central Tjniied States (Lohnes 1997). This 
trend towards continued channel degradation continues to this day (Zellars and H o t c ~ s s  1 997), 
creating environmental and economic concerns. 

Beaver aEect geomorphology of streams in ways that may counteract channel degrading 
processes. Beaver dams reduce stream velocities, causing the rate of sediment deposition to 
increase behind the dam (Naiman et al. 1986) and giving the channel gradient a stair-step profile 
(Naiman et al. 1988). In a forested ecosystem, Naiman et al. (1986) studied beaver dams in 4th 
order and smaller streams and found that small individual dams could hold 2000 - 6500 rn3 of 
sediment with an average of 10.6 beaveFdamsikm of stream. They calculated that 
approximately 10,000 m3 sedimentikrn of channel were retained by beaver dams in two forest 
watersheds in Quebec, Canada. 

Beaver dams may help stabilize and aggrade incised stream channels in agricultural watersheds 
in eastern Nebraska. However, the influence of beaver dams on channel morphology and 
stability in developed a@cultual areas is not known. The objective of this study was to 
determine if beaver dams can aggrade incised streams in agricultural regions. 

The study was done on Little Muddy Creek, Otoe County, in southeast Nebraska. The study b- 
stream reach is second-order, perennial and has 430 hectares of upland watershed. Land use in i: 
the watershed is mainly apnculturai, with approximaiely 75% of the land in cropland and 25% in $: 
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pasture or Gonservatictn Reserve Program (CRP). The predominant soils in the uplands are 
erode&, he-texmred Loess and glacial till sods with slopes from 2 - 7 ?h (USCIA, 1982). Tn the 
drainages, soils are clay and silt loam and silty clays. 

Little ;vrfuddy Creek is a Wibatary -h the upper watershed to the Little Nemaha &River, which 
drains into the Itfissouri River. Land clearing until the 1930's increased smface runoff, soil 
erosion from the uplands and sedimenbtion in the streams, which lead to increased flooding, To 
reduce flooding the Little Nemaha Rjver and its Q.ibutaries were dredged, straightened and 
cleared of vegetation starting in the early BOO'S. This disturbance is regarded as the main cause 
of present charnel instabilities thoughout the basin (Rus 2003). In the upper reaches of the 
basin, Muddy Creek was straightened between f 947 and 1953. bickpoints from channel 
straightebg migated upstream and most effects on streambeds had already occurred (Rus 
2003). In our study area, hickpoints are srill evident, working up the 1' order portions of the 
streams (D.E. Eisenhauer, personal commicatioa, 2003). A recent USGS study (Rus 2003) 
indicated that in the Little Nemaha River Basin, streambed degradation since settlement 
averaged 1.9 meters for 2 1 bridge locations throughout the basin. 

The study stream reach was 11 30 meters long and was divided into upstream, agected and 
domstream reaches. The affected reach, from 136 to 922 m in channel distance had beaver 
darns since 199 1 and during ow survey there were 6 active dams. The upstream reach, from 0 - 
136 m, had not had any beaver dams during this same period. There were not beaver dams on 
the downstream reach fiorn 922 to 1121 m until the fall of 2002 when three new dams were 
constructed (D.E. Eisenhauer, personal cornrnunication, 2003). Since the stream survey was 
completed in the spring of 2003, the sedlrnentation effects of the new dams in the downstream 
reach were considered to be of negligible significance. At the boundary between the affected 
reach and downstream reach was a driveway culvert crossing. By dividing the stream reach into 
upstream, affected, and downstream segments, a comparison could be made regarding relative 
sediment accumulation in areas with beaver activity versus no beaver activity. 

The stream reach was surveyed over a period from February to April 2003. Beaver dam 
locations and the stream centerline were surveyed using a mapping grade GPS unit. Stream 
cross-sections were measured using a surveying total station. Ten cross-sections were surveyed 
in the affected reach at locations above and below each active dam. A total of five cross-sections 
were surveyed in the free-flowing reaches upstream and downstream of the affected reach to 
determine channel characteristics prior to beaver recolonization. All cross-sections were 
measured perpendicular to stream flow direction. Cross-section survey points included stream 
terrace, channel profile, thalweg, and water surface. 

Three point bars were selected to sample sediment deposits. Soil cores were taken at three spots 
at each point bar and were analyzed for bulk density and particle size distribution, 

A projected streambed was developed to determine the expected cross-section had the beaver 
dams not been built. To determine the projected streambed, a projected thalweg elevation was 
calculated A linear regression was pedorrned on thalweg points (Fig. I) that occurred in the 
free-flowing reaches (upsneam and downstrew. Leopold (1 994) also used a linear 
approxlrnation of thalweg elevation versus distance domstream. The equation of the line was 
used to estimate the elevation of a projected thalweg at each cross-section in the affected reach of 
the stream. It was assumed that the projected thalweg would have occurred at the same location 
across the stream as the surveyed thalweg. 

The surveyed streambed was plotted on the same graph as the projected streambed and the cross- 
sectional area of sediment accumulation was calculated by using the trapezoidal rule. To 
determine volume of sediment accudated,  the distance between two successive cross sections 



was multiplied by the average of rheir cross-sectional area. The total mass of sediment collected 
was determined by multiplying the calculated volume by the dry bulk densiq. 

The effect of the culvert at a dowtream distance of 910 m was taken into account when 
calculating the sediment accumulation attributed to beaver dams. Sediment accumulation was 
estimated for the 736 m qstream portion af the 795 rn long affected wach. 

Hydraulic grade was calculated using surveyed water surface elevations at each surveyed cross 
section and h e d i a t e l y  upstream and downstream of each d m .  

The stream profile (Figure 1) shows a significant amount of sediment accmulation. The 
projected thalweg was calculated using a regression line between surveyed thalweg points in the 
upstream free-flowing reach and the downstream reach. The stream terrace slope was calculated 
using a regression line for surveyed terrace points through the entire study reach. In this case, 
the stream terrace slope is 0.0046. The projected thalweg slope was 0.0054, which is very close 
to the slope of the stream terrace. This is to be expected because the thalweg and stream terrace 
should be nearly parallel, with the thalweg having a slightly greater slope to account for the 
gradual deepening of the channel with distance downstream. 

Chamel aggradation in the affected reach was calculated as the difference between the surveyed 
and projected thalweg elevations. The average channel aggradation in the affected reach was 
0.65 rn. The shaded area on Figure 1 represents an approximation of channel aggadation. 
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Figure 1. Stream profde of Little Muddy Creek near Burr, Nebraska. Squares 
are elevations of the stream terrace, diamonds are elevations of the thalweg, and 
open circles are elevations of tops of the dams. The closed circle at 910 m is a 
road centerline. The shaded area is an approximation of the sediment collected 
in the affected reach due to beaver darns. 



Fiagre 2 shows a sample cross section. Once the projected streambed and sedirnent 
accmulation was detemined for each cross section, the cross-sectional area was determined 
using the rrapezoidal rule. The emulative volume of sediment collected was determined by 
a7;eragig two succe~siTy2e cross-se~tioaal areas. then mdtipkkg by the distance bemeen the &ve 
cross sections. The sum of all these volumes in the affected reach was 1450 d in 736 m of 
stream or 1970 m ? h .  

Distance Across Channel (rn) 

Figure 2. Sample cross section. This cross section, occurring at 550 m downstream, is a 
typical cross sectional profile. The top line represents the surveyed streambed, the 
bottom line represents the projected streambed. The trapezoids marked were used to 
calculate the cross-sectional area of accumulated sediment. 

The dry bulk density of the accumulated sediment was determined for nine sediment samples, 
then averaged to determine an average bulk density. The average bulk density of all samples 
was 1 .Z g/cm3. The total mass collected was calculated to be 1730 t. 

The hydraulic grade for the affected reach was 0.0039. This is a smaller slope than the projected 
thalweg (0.0056) and stream terrace (0.0046). Average water surface drop for all active dams in 
the affected reach was 0.45 m, creating a stair-step effect on the hydraulic grade line. 

In this study, we found that beaver dams do affect sedimentation and aggade stream bottoms in 
channels in a&cultural streams. These results are consistent with similar studies in forest 
watersheds in Quebec, Canada (Nairnan 1986). We found an average accumulation of sediment 
by beaver dams to be 1970 m 3 h ,  where Xaiman (1986) found an average of 10,000 m3/lan. 
Naiman (1986) estimated an average of 10.6 dmsikm stream, where we found 9 damsikm 
stream. Naiman's (1986) study was done in a relatively undisnvbed boreal forest stream, while 
our study was done in an incised stream in a relatively disturbed agricultural watershed. 

During the period of the topographic survey there were 6 active dams in the affected reach, 
however, abandoned dams were apparent. The abandoned dams also could have played a role in 



accumulation of sediment in the channel over the twelve years since beaver recolonized the area, 
no just the active darns. 

The domstrearn reach of the stream had three new dams (less than 6-months old), the 
sedhentarion effects of which were assumed to be of negligible impact to charnel slope. Cross- 

eyed in the dowstream reach were done far en~ugh away from new dams SO as 10 
avoid areas of recent sedhenta~on ;in order to more accmately represent the rhalweg elevation 
of the '"re-beaver"' srembed. 

Beaver dams may be a viable solution to incision problems in ths  region and could be much less 
expensive than conventional e n ~ e e i n g  techques. On this incised stream in Otoe County, 
beaver dams have caused channel aggadation. FVhere beaver have been active for the past 12 
years, the stream channel bed has risen about 0.64 m and about 1730 t of sediment have been 
trapped in the beaver ponds (see Figure 1). By contrast, in a comparably sized watershed (405 
hectares) in nearby Saline County, the cost of stabilizing 0.8 km of Sand Creek, a deeply incised 
stream with unstable banks, with traditional human-engineered drop structures has been 
estimated to cost $1 10,000 (Gemak et al. 2002). 

Based on the stream length of 1130 m and an average of 1.0-1.2 beaver colonies per km of 
stream length (Chapman and Feldhamer 1982), this stream has about 1.2-1.4 beaver colonies, 
whch is approximately 5- 12 beavers. Beaver populations may have reached carrying capacity in 
this watershed and may go through a period of decline as stands of riparian forest are diminished. 
In some areas sunomding larger dams, riparian canopy was complerely open. 

Camp Creek, a similar stream nearby to Little Muddy Creek, was evaluated for beaver dam 
density and changes to hydraulic grade line. For Little Muddy Creek we found an average of 9 
dams/km of stream, while Camp Creek averaged 7 dams/km. The ratio of average slope of the 
floodplain to hydraulic grade line was 1.2 for Little Muddy Creek and was 1.9 for Camp Creek. 
The problem of channel incision is regional in scale, as is the recolonization of beaver to smaller 
streams in agricultural watersheds. 

It is expected that beaver would have inhabited the study reach to biological capacity prior to 
European settlement. Then, disturbance to riparian habitat and trapping pressures resulted in 
diminished populations and areas of local extinction by the 1930's. The native vegetation prior 
to settlement would have been tall grass prairie uplands with predominantly cottonwoods and 
willows in the riparian areas. The current riparian condition in which today's beaver are 
recolonizing is quite different from conditions prior to European settlement. Water flux tends 
less toward infiltration and more towards surface runoff. resulting in a flashy stream with more 
dramatic pulses of flow w i t h  shorter periods of time during the year. Observations of tbs  
study watershed indicate that beaver dams were damaged in smaller, 2-year return period storms. 
Dams were regularly damaged by stom flows, bur beaver rebuilt them during the summer and 
fall to maintain their presence along tEus reach. 

C ~ N C L U ~ ~ ~ N  

Surveying and sediment sampling were used to determine whether beaver dams cause channel 
aggadation. Results from this experiment showed that beaver dams did cause an increase in 
sediment, causing channel aggradation in an incisied stream in an agricultural watershed. In a 
736 m aKected reach of Little Muddy Creek: approximately 1730 t of sediment were collected 
behind beaver darns in the twelve years since beaver recolonized the stream. Within this reach 
there was an average of 0.65 m of channel aggradation due to sedimentation trapping by beaver 
darns. Beaver darns create a stair-step effect on the hydraulic gradient line, reducing flow 
velocities, causing sediment deposition behind dams. 



Further research is needed to detemke whether beaver s are an ecofo@cally and 
econontically feasible solurion to charnel degradation. Most research r 
and populations have been done in forested or mounf;ainous areas. The 
ecolo@cal impacts of beaver in predominmtly row-crop aecultusal ar 
&Lierent &om those fwand in forested and mombkow regions. 
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