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Abstract 

 The removal of the Sandy River’s Marmot Dam in Oregon in the fall of 2007 was seen as an opportunity to quantify 
the effect of a large dam removal on a river. In 2007, NCED REU intern Daniela Martinez began a study to investigate its effects 
on downstream riparian vegetation. The purpose was to determine which bars or reaches would be most affected and how. 
Maps of river bar vegetation cover in three reaches of the Sandy River were created in the summers of 2007, 2008, and 2009. 
The changes in vegetation cover were compared to changes in grain size distribution. It was found that, generally speaking, 
sprout and grass cover seem to increase least often with decreasing sand fraction, and bush cover seems to increase most often 
with increasing sand fraction and decreasing median grain size.  Reaches OB and B2 were the most changed reaches. The most 
vegetation changes occurred in 2008.  Sprouts seem to be the most volatile type of vegetation, mainly with increases in areal 
coverage.  How much of these changes are truly related to grain size distribution is unknown. Overall, there was not much 
change to riparian vegetation on the Sandy River after the Marmot Dam removal. 

Introduction 

 In recent years, many large dams have begun to come up for relicensing and some have been 
slated to be decommissioned. As many large dams have been deemed economically inefficient, and as 
dam removal has increasingly become a solution to help mitigate fish migration issues, it has become 
increasingly important to be able to make quantitative predictions about the effect of a removal on a 
river (Grant, 2001). The removal of the Sandy River’s Marmot Dam in Oregon in the fall of 2007 was seen 
as an opportunity to quantify the effect of a large dam removal on a river. To this end, doctoral student 
Charles Podalak (JHU), under the direction of Dr. Peter Wilcock (JHU), has led three REU teams to the 
Sandy over three consecutive summers. 
 

Upstream and downstream riparian vegetation may change in a number of ways after a dam is 
removed. Some plants may die and others may be given new ground to colonize. Sometimes the riparian 
communities may return to a pre-dam state, and sometimes they change into a completely new state 
(Shafroth et al., 2002). Attempting to quantify the effects of dam removal on riparian vegetation is 
important for informing future dam removals. 

In the summer of 2007, REU intern Daniela Martinez began a study to investigate the effects of 
the Marmot Dam’s removal on the Sandy River’s riparian vegetation. Her goals were to determine which 
reaches of the Sandy would be most susceptible to post-removal vegetative change, and to attempt to 
link those changes to changes in grain size distribution (GSD). Her final goal was to try to establish a way 
to visually inspect the vegetation on a bar to get a rough sense of the change in GSD on that bar. The 
GSD data was collected through Wolman pebble counts as part of Charles Podalak’s overall research 
effort. The vegetation data for this study was collected by creating maps of river bar vegetation cover 
(Martinez,  2007). 
 
 
 



Methods 

Vegetation mapping was carried out in three river reaches designated “B1”, “B2”, and “OB” 
(figure 1a).  Reach B1 contains three bars, and is located 9 km beneath the former dam site (figure 1b). 
In 2008, only two of the bars in reach B1 were mapped (table 1). Reach B2 contains four bars, and is 
located 12.5 km beneath the former dam site (figure 1c). All four bars in reach B2 were mapped each 
year. Reach OB, 28 km beneath the former dam site, contains two bars that were mapped all three years 
and two bars which were only mapped two of the three years (figure 1d). 

The methods used in this study were designed for rapid data collection and easy processing.  A 
code was created to enable the map maker to visually split vegetation cover into separate, manageable 
units, and to then classify the general character of those units.  Vegetation was classified by  type 
(sprouts, grass, bushes, trees), size (<0.5m, 0.5m-1m, 1m-2m, >2m), and density (sparse, moderate, 
dense, very dense) (table 2).  In 2007, size was determined by use of a two-meter tape, but in general 
the categories were visually estimated. No numbers are attached to the density categories. In 2007 and 
2008, the maps were hand-drawn on LiDAR print-outs, with the area of vegetation units visually 
estimated. In 2009, maps were constructed by taking waypoints with an eTrex Legend HCx handheld 
GPS. 

The maps were then compared to each other in ArcGIS. The 2007 and 2008 hand drawn maps 
were entered into ArcGIS for ease of manipulation and comparison by Charles Podalak. The 2009 GPS 
waypoints were downloaded onto a computer and then converted into ArcGIS polygons. The maps were 
compared for differences in vegetative cover from year to year in terms of size, density, and areal extent 
(figure 2). The 2007 maps were used as a pre-removal baseline. 

The listed vegetative changes were then given a weighting corresponding to the degree of 
change over the bar. Small changes were ignored as not being reflective of the whole bar. Year to year 
differences in size and density were only considered significant if the difference was by more than one 
size or density rank. Significant changes were given a weighting of 1 and large-scale changes were give a 
weighting of 2. 

The vegetative changes were then compared to concurrent changes in bar-averaged median 
grain size distribution (GSD) (table 3). The GSD data used was weighted to reflect fluctuations in river 
stage. GSD data was provided by Charles Podalak. GSD was measured in terms of sand fraction (fs) and 
the median intermediate axis width of grains larger than sand, in millimeters (d50g). These values were 
first rounded to the nearest ten, and were then counted either as positive change, negative change, or 
zero change. Averages of GSD change for each type of vegetative change were calculated (table 4). 
Calculations concerning size and density were only performed for bushes because there were too few 
notable changes in the size and density of sprouts and grass to allow meaningful averages. This is also 
why there are no calculations concerning trees. For the same reason, a final calculation was preformed 
which regarded decreases in size and area as “negative increases” and giving them a weighting of -1. 
Having done this, the increases and the “negative increases” were averaged together to give an average 
based on a larger number of data points. This calculation assumes that there is a consistency between 
which factors encourage increased growth and which encourage decreased growth. This is, admittedly, a 
large assumption to make. 

 To determine which of the three studied reaches was most affected by the dam removal, the 
weighted number of vegetative changes in each reach was divided by the number of bars mapped in that 
reach. This gave an average number of changes per bar (table 5).  A similar method was used to 



determine the relative impact the removal had on the different vegetation types (table 6).   Although 
these calculations are biased in favor of representing change, their purpose is to compare the relative 
amount of change between various areas and vegetative types, so that is deemed acceptable. 

Conclusions 

 There appear to be few strong trends which correlate GSD to vegetative change. Overall, the 
GSD of the bars changed over 2008 and 2009, with slightly more fining than coarsening (table 4). 
Increased grass area seems to most often occur on bars with unchanging or increasing fs, and slightly 
more often on bars with coarsening d50g. Decreased grass area seems to most often occur on bars with 
unchanging fs and changing d50g. Increased sprout area seems to most often occur on bars with 
increasing or unchanging sand fraction and changing d50g. Decreased sprout area seems to occur most 
often with decreased or unchanging sand fraction and fining d50g. Increased bush area seems to occur 
most often with increasing sand fraction and decreasing d50g. Decreased bush area seems to occur most 
often with changing sand fraction and unchanging or decreasing d50g. However, there are fewer data 
points for decreasing areas than increasing, so the averages for decreasing areas have a greater 
uncertainty. 
 
 Averaging the increases of area with the decreases of area as “total area” changes, and giving 
those decreases a weighting of -1, the trends appear much the same. Sprouts and grass appear to mostly 
prefer bars without change in fs or with an increasing fs. Sprouts appear to mostly do better with 
decreasing d50g. Grass appears to mostly do better with an increasing d50g. Bushes appear to mostly 
prefer increased fs and decreased d50g. These calculations assume that there is consistency between 
the factors which reduce plant cover and those which increase it. There were most instances of 
increased plant cover than decreased, and so these averages are biased in favor of increased plant cover. 
 
 Of the three reaches mapped, reaches OB and B2 seem the most volatile in terms of vegetative 
cover (table 5). For reach OB, this may mostly have to do with the bush and grass colonization of the bar 
designated “Sunrise Island,” which was weighted heavily because of its large-scale changes (figure 3).  
However, reach OB also generally experienced the largest increase in fs of the three reaches, especially 
over 2007-2008. During that time period, "Sunrise Island" had a fs increase of 20% and a d50g decrease 
of about 20mm (table 3). In 2009, reach OB experienced the least vegetative change. However, only two 
bars were mapped in reach OB in 2009, so it is not a strong average. Reach B1 had the least average 
change per bar. Reach B2 had the most consistent amount of change over both years. 
 
 2008 experienced more vegetative change than did 2009 (table 5). This might make sense, given 
the 2007 removal of the dam. However, the majority of this change occurred in reach OB, the most 
downstream reach studied, and this change may be mostly related to Sunrise Island. 
 
 Sprouts and grasses seem have been the most affected type of vegetation, mainly with increases 
in areal coverage (table 6). Trees were the least affected. This seems to make intuitive sense. 
 
Discussion 

 Changes in height and density were likely to have been undersampled in this study. Vegetation 
maps, at least of this type, are useful in looking at large-scale changes, as was the intent of this study. 
Height and density were determined by visual inspection, and heights and densities of groups of plants 
were roughly averaged to make a vegetation unit. This made it difficult to decide whether changes in 
vegetation height or density were significant. The solution was to only consider a change by two or three 



height or density ranks a significant change. The downside of this is that there were very few changes of 
this magnitude. 

 The classification scheme seemed best suited to bushes. Bushes commonly grow between 0 and 
2 meters. Trees generally are over two meters tall, and grass and sprouts are generally less than half a 
meter, although there is some tall grass on the Sandy. There also are some plants on the Sandy River 
which start out looking like bushes, but grow into plants which seem very tree-like. The correct 
categorization of these bushes is unclear. 

  While some correlation between GSD and vegetative cover is shown in this study, GSD should 
not be interpreted as a deciding factor of vegetation type. It is uncertain if, primarily, the sediment 
affected the vegetation, or if the vegetation affected the sediment. Beyond that, other there exist many 
other factors which influence and control vegetative cover. For example, increases in water level 
fluctuation following dam removal may have an effect (Shafroth et al., 2002). Also, the study was 
performed over three years. On a year-to-year basis, fluctuations in climate have a large impact, most 
likely especially on small-scale vegetation such as sprouts and grasses. It has been proposed that the 
general sprout loss in 2008 maps had more to do with the summer of 2008 being wetter than the 
summers of 2007 and 2009 (Martinez, Personal correspondence).  Reach B2 and OB experience heavy 
traffic by humans, and it does not seem impossible that humans may have some effect on vegetative 
cover. There are in fact some groups currently working to remove invasive species from around the 
Sandy River. It does not seem very possible to infer general changes of a bar’s GSD from changes in its 
vegetation cover. 

In the end, it is apparent that, at least by two years after the removal of the dam, the riparian 
vegetation on the bars of the Sandy River has not changed very much at all. This is apparent both by 
comparing the vegetation maps and from direct observation (Podalak, Personal correspondence). It is 
noted that some changes may take decades to assert themselves (Shafroth et al., 2002).  However, most 
GSD changes were also small. Most of the bars involved in this survey had a change in fs of ±20%, and a 
change in d50g of ±20mm. Sunrise Island, in reach OB, was the only bar to exhibit a vast change in 
vegetative cover, but that may or may not have been related to the removal of the Marmot dam.  

There are a few interesting notes for further study. First, it is known that trees can die due to 
dam removal (Shafroth et al., 2002). There was a tree which fell on a bar designated “Gregg’s Island” in 
reach B2 between 2007 and 2008. This may have had something to do, directly or indirectly, with the 
dam removal.  Another curious aspect of the vegetation on Gregg’s Island was the occurrence of sprouts 
which had grown very large. They may have been 8 cm tall, or more. No other sprouts that were mapped 
in 2009 were more than 1 or 2cm tall, except for maybe some at the bar designated Apex Island, also in 
reach B2. In both cases, these tall sprouts only occurred around submerged boulders. 

Lastly, and most interestingly, while mapping the vegetation on the bars it was noticed that there 
were a few mid-island copses which contained a handful of young, meter-tall evergreens. At least two of 
the three copses were otherwise entirely deciduous. The age of these evergreens is unknown, though 
they are obviously young. They were not noticed in 2008 (Martinez, Personal correspondence). Tree 
succession sometimes occurs after dam removal, so there may possibly be a link between the 
evergreens and the dam removal (Shafroth et al., 2002). Future study will be needed to determine if 
there is indeed a correspondence. 
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Reach Bars (2007) Bars (2008) Bars (2009) 

B1 Upper Island (UI) - UI 

 Middle Island (MI) MI MI* 

 Bottom Island (BI) BI BI 

B2 Cliff Bar (CB) CB CB 

 Gregg's Island (GI) GI GI 

 Apex Island (AI) AI AI 

 Rightside Bar (RB) RB RB 

OB Beer Bar (BB) BB BB 

 Sunrise Island (SI) SI SI* 

 Long Island (LI) LI - 

 Deer Bar (DB) DB - 

 Tweener Island (TI) - - 

 Swim Beach (SB) - - 

 Wasp Bar (WB) - - 

 - Boat Ramp (BR) - 

 - - New Fun Land** 

Table 1. The bars mapped in each of the three reaches by year. 2007 vegetation maps on bars TI, SB, WB, 
and the 2008 map of BR are not considered in this paper because these bars were only mapped during 
one year, and so there are no maps for comparison. 
* Sprouts on bars SI and MI were not mapped in 2009. 
**New Fun Land was a new island in 2009, and was not considered in this paper. 
 

Type Code Size Code Density Code 

Sprouts S < 0.5m A Sparse 0 

Grasses G 0.5m - 1m B Moderate 1 

Bushes B 1m - 2m C Dense 2 

Trees T > 2m D Very Dense 3 

Table 2. The classification code developed by Daniela Martinez. Type, size, and density of vegetation are 
each divided into four categories which are visually determined. Other plants, such as flowers (e.g. 
foxgloves, queen anne’s lace, etc.) or mosses, were not included in this study (from Martinez, 2007). 

 

 



 

Type of Change Location Weighting ∆fs ∆d50g 

Grass - Increase Area B1 MI 2009 1 0 -50 

 B1 UI 2009* 1 0 -20 

 B2 AI 2009 2 0 -80 

 B2 GI 2008 2 0 20 

 OB DB 2008 1 20 10 

 OB LI 2008 1 10 10 

 OB SI 2009 2 0 10 

Grass - Decrease Area B1 MI 2008 1 -10 -30 

 B2 AI 2008 2 0 20 

 OB BB 2008 1 10 -10 

Sprouts - Increase Area B1 BI 2009 1 -20 60 

 B2 AI 2009 2 0 -80 

 B2 CB 2009 1 -10 -30 

 B2 GI 2009 2 0 0 

 B2 RB 2008 2 10 20 

 OB DB 2008 1 20 10 

 OB LI 2008 1 10 10 

 OB SI 2008 2 20 -20 

Sprouts - Decrease Area B1 UI 2009* 1 0 -20 

 B2 AI 2008 2 0 20 

 B2 GI 2008 2 0 20 

 OB BB 2008 1 10 -10 

Type of Change Location Weighting ∆fs ∆d50g 

Bush - Increase Area B1 BI 2009 1 -20 60 

 OB BB 2008 1 10 -10 

 OB SI 2008 2 20 -20 

Bush - Decrease Area B2 CB 2009 1 -10 -30 

 B2 GI 2009 1 0 0 

 B2 RB 2009 1 -10 0 

 OB DB 2008 2 20 10 

Bush - Increase Size B1 BI 2009 1 -20 60 

 B1 MI 2008 2 -10 -30 

 B2 GI 2008 1 0 20 

 B2 RB 2008 1 10 20 

 OB SI 2009 1 0 10 

 OB DB 2008 2 20 10 

Bush - Increase Density B1 BI 2009 1 -20 60 

 B1 MI 2009 2 0 -50 

 B2 RB 2009 1 -10 0 

Trees - Decrease Area B2 GI 2008 1 0 20 



Grass - Increase Size OB DB 2008 1 20 10 

Table 3. Significant changes in bar vegetation compared to changes in GSD. 2007 was the starting year of 
the study, so was used as a baseline for 2008 changes. The location code includes first the reach name, 
then the bar abbreviation (table 1), and lastly the year the change occurred in. These are listed in 
alphabetical order. Weighting is a rough indicator of magnitude of change. It is 1 for most changes, and 2 
for large-scale changes in vegetation. ∆fs is the change in sand fraction since the previous year. ∆d50g is 
the change in median grain, discounting sand, since the previous year. 
*Reach B1’s Upper Island was mapped in 2007 and 2009. Because there were no 2008 map, it was 
assumed that the changes in vegetation occurred evenly over 2008 and 2009, and so the GSD changes on 
Upper Island were averaged between both years to reflect this. 
 

Type of Change Calculation # % + ∆fs % - ∆fs % 0 ∆fs % + ∆d50g % - ∆d50g % 0 ∆d50g 

Increased area - 
Grass 

Raw 7 29% 0% 71% 57% 43% 0% 

 Weighted 3 20% 0% 80% 60% 40% 0% 

Decreased area - 
Grass 

Raw 3 33% 33% 33% 66% 33% 0% 

 Weighted 1 25% 25% 50% 50% 50% 0% 

Total area - Grass Raw 10 30% 10% 60% 60% 40% 0% 

 Weighted 4 21% 7% 71% 57% 43% 0% 

Increased area - 
Sprouts 

Raw 8 50% 25% 25% 50% 38% 13% 

 Weighted 4 50% 17% 33% 42% 42% 17% 

Decreased area - 
Sprouts 

Raw 4 0% 25% 75% 50% 50% 0% 

 Weighted 2 0% 17% 83% 33% 67% 0% 

Total area -Sprouts Raw 12 33% 25% 42% 50% 42% 8% 

 Weighted 8 33% 17% 50% 39% 50% 11% 

Increased area - 
Bushes 

Raw 3 66% 33% 0% 33% 66% 0% 

 Weighted 1 75% 25% 0% 25% 75% 0% 
Decreased area - 
Bushes 

Raw 4 50% 25% 25% 25% 25% 50% 

 Weighted 1 40% 40% 20% 20% 40% 40% 

Total area - Bushes Raw 8 57% 29% 14% 29% 43% 29% 

 Weighted 2 55% 33% 11% 22% 55% 22% 
Increased size - 
Bushes 

Raw 6 33% 33% 33% 83% 17% 0% 

 Weighted 2 38% 38% 25% 75% 25% 0% 

Increased density - 
Bushes 

Raw 3 0% 66% 33% 33% 33% 33% 

 Weighted 1 0% 50% 50% 25% 50% 25% 

Overall Trend Raw 19 45% 35% 20% 40% 35% 25% 

Table 4. GSD change percent-concurrent with vegetative changes. Raw “#” is the number of bars over 
both 2008 and 2009 which exhibit the vegetative change indicated. Weighted “#” is the number of bars 
in the raw “#” that, for the vegetative change in question, have a weighting of 2 (table 3). Raw 
percentages were calculated without weight consideration.  The percentages are the percent of bars 
exhibiting a specific type of vegetative change which also exhibit that particular GSD change. Fs is sand 
fraction and d50g is median grain size of grains larger than sand. “+” indicates a positive change, “-” a 
negative change, and “0” no change. “Total area” calculations average increases and decreases of area 
together, giving decreases a weighting of “-1”. These calculations assume a consistency between the 



grain size changes that discourage growth and the changes that encourage growth, and are not to be 
taken as strong results, but rather as a point of interest. GSD data provided by Charles Podalak 

 

 

Reach/Year B1 B2 OB Total 

2008 Avg ∆/Bar 2.5(2) 3.3(4) 4.0(4) 3.4(10) 

2009 Avg ∆/Bar 2.7(3) 3.3(4) 1.5(2) 2.7(9) 

Tot Avg ∆/Bar 2.6(5) 3.3(8) 3.2(6) 3.1(19) 

Table 5. Weighted number of vegetative changes per bar per year in each reach. B1, B2, and OB are the 
three mapped reaches. The numbers in parentheses are the numbers of bars mapped in that reach in 
that year, which is the number the weighted number of changes was divided by. “Avg ∆/Bar” means 
“average change per bar.” “Tot Avg ∆/Bar” means “total average change per bar,” and is a cumulative 
average for both years. 

Bushes Grass Sprouts Trees 

58% 74% 95% 5% 

Table 6. Comparison of weighted average vegetative change per bar between each vegetative type over 
all studied years. The number is the percent of bars that have experienced change concerning that type 
of vegetation. The number is higher than a raw percentage of bars because the weighting system is used 
in order to emphasize which type of vegetation experienced the most change. This biases the results in 
favor of indicating change, but the method was intended to show which type of vegetation relatively 
experienced the most change over both years, and so this bias is acceptable. Sprouts have  experienced 
the most change, and trees, by far, the least.   







 

 

 


