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Introduction 
 
The Streaked Horned Lark (Erimophila alpestris strigata) is a rare subspecies of the horned lark that 
occurs on tree- and shrub-less landscapes in the Pacific Northwest.  The Streaked Horned Lark is a 
conservation priority and is vulnerable to extinction. The subspecies carries several political designations 
that describe its conservation status.  It is a federal candidate for listing under the Endangered Species 
Act, is considered Endangered by the State of Washington, is designated a Sensitive Species by the State 
of Oregon, and is Red-listed in British Columbia.  Genetic data indicate that the Streaked Horned Lark is 
genetically unique, isolated, and has little genetic diversity (Drovetski et al. 2005). In addition, the 
breeding range of the Lark has contracted over time; it no longer breeds in the northern Puget trough (San 
Juan Islands and other coastal areas north of Tacoma), southern British Columbia, along the Washington 
Coast north of Grays Harbor, and in the Rogue River Valley (Rogers 2000, Beauchesne and Cooper 2003, 
Stinson 2005).    

Streaked Horned Larks use the islands of the lower Columbia River for breeding (Pearson and Hopey 
2005a). The birds at these sites are some of the most productive throughout the range of the species, 
having higher reproductive success than at other breeding sites in Washington (Pearson and Hopey 
2005a). To deepen and maintain the depth of the Columbia River shipping channel, The US Army Corps 
of Engineers (USACE) removes sand from the bottom of the navigation channel and deposits it onto these 
islands that are primarily publicly owned. In addition, Larks use these dredge material islands as over-
wintering sites suggesting that they are important winter habitat (Pearson et al 2005b). 

These lower Columbia River dredge material islands are identified as critical to the persistence and 
recovery of this subspecies in the Streaked Horned Lark assessment and conservation strategy (Pearson 
and Altman 2005) and have been identified as important by the multi-entity Streaked Horned Lark 
Working Group. Pearson and Altman (2005) recommended developing a habitat management plan for 
these islands in order to expand the population of breeding larks along the lower Columbia River. The 
Washington State Comprehensive Wildlife Conservation Strategy (2005) also identifies the management 
of dredge material deposition and resulting vegetative succession in the lower Columbia River to maintain 
and increase open Streaked Horned Lark nesting habitat as a priority action. Finally, the status review 
conducted by WDFW (Stinson 2005) states that Streaked Horned Larks are likely to become extinct 
unless nesting areas are protected and additional nesting areas are established. Stinson (2005) suggests 
that dredge material islands and coastal beaches could be managed to maintain suitable nesting habitat.   

In 2005, dredge material was deposited directly on top of active Lark nests (Pearson pers. comm.), 
causing direct mortality and reducing overall reproductive success. In 2007, The Nature Conservancy met 
with Army Corps Wildlife Biologist and Project Manager for Columbia River maintenance dredging to 
conduct a site visit and discuss the needs of Larks in relation to deposition sites. The Army Corps partners 
were actively engaged during the meeting and expressed considerable interest in protecting Streaked 
Horned Lark habitat during dredge material deposition activities.  Despite this encouraging interaction, 
conflicts between Lark habitat and dredge deposition requirements can occur. While Corps managers 
ensured that dredge material in 2007 was not deposited directly onto Lark habitat, equipment was staged 
adjacent to active Lark breeding territories (Pearson, pers. comm.), likely causing indirect detrimental 
effects. These events highlight the pressing need to establish conservation and habitat management 
guidelines for this rare and declining bird in the priority breeding habitat of the lower Columbia River.  
Management of vegetation composition/succession on dredged material disposal sites could also provide 
greater amounts of suitable habitat and lessen the overall impact of dredged material deposition when it 
necessarily has to occur. 
 
The timing, location, and amount of deposited dredge material can have dramatic positive or negative 
effects on Streaked Horned Larks and their habitat. The un-vegetated landscape created by dredge 
material deposition is apparently not used by Larks for the first year or two after deposition. Disposal 
areas that are sparsely vegetated with annual grasses and forbs are successfully used by larks for breeding. 
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Disposal areas that are undisturbed over a longer period of time gradually become unsuitable lark habitat 
due to dense vegetative cover. Consequently, keeping an adequate amount of habitat in appropriate 
successional stages is critical to maintain Columbia River Lark populations (Pearson & Hopey 2005b). 
 
The objectives of this project were to: 

1) Quantify the amount of available and suitable lark habitat on breeding islands  
2) Identify the length of time it takes for newly deposited dredge material to become suitable lark 

habitat and to determine the length of time it remains suitable  
3) Spatially define the location of suitable and unsuitable habitat in an effort to temporally and 

spatially guide dredge material deposition on those sites for the US Army Corps of Engineers.  
 
This project has resulted in the following management recommendations: 

• Annually monitor sites for streaked horned lark occupation and abundance 
• Avoid dredging operations on occupied sites during the breeding season (April 15 – August 15). 
• Conduct streaked horned lark surveys on potential deposition sites to determine occupancy prior 

to initiating deposition actions. 
• Maintain at least 100 acres of habitat in suitable conditions through deposition and restoration 

actions for all sites.  
• Increase available habitat in the future.  
• Dredge material should be placed every 3.25 – 5 years to maintain preferred streaked horned lark 

habitat.  
• Dredge material deposition should occur on areas of sites that contain unsuitable habitat, such as 

areas with high cover of moss, beach grass, equisetum, and non-native shrubs.  
• Initiate experimental trials to control invasive plants with dredge material deposition.  

 
Methods 
 
Site Selection 
We aimed to look at the relationship between islands occupied by streaked horned larks and the dredge 
deposition history on those islands.  To determine occupation of islands we used data from the 
Washington Department of Fish and Wildlife occupancy surveys along the lower Columbia River Islands 
in 2004, 2005, & 2006. Table 1 summarizes the results of those surveys (Pearson & Hopey 2005, Pearson 
& Altman 2005, Pearson et al. 2008).  In addition, in cooperation with WDFW we visited a selection of 
islands in 2008 (Table 1). Using these detections as an initial guide, we selected to analyze habitat at 
islands that were identified as occupied by streaked horned larks at least one of the three survey years 
from 2004-2008. Using aerial photographs to detect additional potential habitat areas, we also included 
Welch island (Tenasillahee west) in our analysis. The location of our survey sites is depicted in Figure 1.  
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Table 1. Columbia River Island streaked horned lark survey summary. 
Location Territories1 Birds2 Visits3  
 2004 2005 2006 2008  2004 2005 2006 2008 2004 2005 2006 2008 
Coffeepot 2 0 - 0  4 0 - 0 1 1 - 3 
Crims - 1 0 1  - 2 0 1 - 1 1 2 
Miller Sands 3 6 6 6  7 7 * 12 2 3 3 3 
Pillar Rock  6 10 6 3  10 16 * 5 2 2 3 3 
Rice 8-12 10 9 6  15 15 * 9 1 1 1 3 
Sandy - 3 4 1  - 7 * 2 - 1 1 3 
Tenasillahee 0 1 2 1  0 2 * 1 1 1 1 2 
Wallace 1 1 0 1  2 1 0 1 1 1 1 3 
Hump - - 0 -  - - 0 - - - 0 0 
Lord - - 0 -  - - 0 - - - 1 0 
Whites 
(Browns) 

8 13 13 9  16 * * 17 * * 3 3 

1Number of territories based on number of singing males.  All males were assumed paired. 
2Highest number of birds observed during a single visit 
3Visit duration varied from 1 to 6 hours, depending on extent of available habitat 
*Data unavailable. 
 
Figure 1. Sites Selected for Habitat Analysis
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Data Sources 
 
Imagery 
We obtained aerial photographs from USACE and Washington State Department of Transportation for 
the area of interest for 1996, 2001, and 2008.  The 1996 and 2001 images are scans of hard copy near-
infrared aerial photos. The 2008 images are true-color digital TIFFs.  We obtained orthophotography from 
the US Department of Agriculture Natural Resources Conservation Service National Agriculture Imagery 
Program (USDA NRCS NAIP) for the following dates on a county-by-county basis: Clatsop county – 
2003, 2004, 2005; Pacific County – 2004, 2005, 2006; Columbia County 2003, 2004, 2005, 2006, 
Multnomah County 2003, 2004, 2005, 2006; Wahkiakum County 2004, 2005, 2006.  Due to the islands’ 
location in the Columbia River, which serves as the state line between Oregon and Washington, not all 
islands were covered by all photos for all dates.  Imagery availability is shown in Table 2.  
 
Table 2. Imagery Inventory 
 1996 2001 2003 2004 2005 2006 2007 2008 
Rice Yes No Yes Yes Yes Yes No Yes 
Miller Sands Yes No Yes Partial Yes Yes No Yes 
Pillar Rock Yes Yes Yes Yes Yes Yes No Yes 
Tenasillahee No Yes Yes Yes Yes Yes No Yes 
Coffeepot Yes Yes Yes Yes Yes Yes No Yes 
Brown 
(Whites) Yes Yes Yes Yes Yes Yes No Yes 

Wallace Yes Yes No Yes Yes Yes No Yes 
Crims Yes Yes No Yes Yes Yes Yes Yes 
Sandy Yes Yes No Yes Yes Yes No Yes 
Yes = full coverage, No = no coverage, Partial = partial coverage 
 
We georeferenced all 1996, 2001, and 2008 aerial images using the Georeferencing tool in ArcMap. We 
used orthophotos from other dates in conjunction with road data to georeference and ‘rubbersheet’ each 
aerial to align with all other images and data. To the greatest extent possible, we chose features closest to 
the study sites for registration in order to minimize distortion within the areas of the images that were 
digitized. We typically used road intersections, bridges, and building corners for registration, but in a few 
cases used large, well established trees on the islands themselves when no other suitable features were 
available. 
 
Dredge Deposition History 
We were unable to obtain exact spatial or temporal records for dredge material deposition on our sites in 
the time period of interest.  However, USACE provided dredge material deposition volumes for our suite 
of selected islands from 1996 to 2007 (Table 3).  Generally, dredge deposition operations occur between 
May through September. Actual dates of each deposition event are unknown, but likely occurred in June 
or July.  
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Table 3.  Dredge Material Disposal Volumes (cubic yards) 
 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 
Rice    371,564 906,765 222,526 547,643  1,016,387  724,766  

Miller 
Sands 

 241,881 236,325 307,867 375,281 242,153 192,291 4,135 124,975  150,687 192,753 

Pillar   339,787 179,942  149,178  266,612     
Rock 
Tena-
sillahee 

          232,213  

Coffee-             
pot 
Brown 
(Whites) 

573,504 875,149  708,071  823,816 395,622   420,278 1,312,665  

Wallace             

Crims   251,398   546,030       

Sandy    406,007 187,396      403,957  

Welch             

 
Lark Suitability 
In 2004 and 2005, WDFW collected and compared vegetation characteristics between areas observed to 
receive lark high use and areas that larks were not observed using (Pearson et al. 2005a).  That work 
showed that the following vegetation characteristics were strong predictors of streaked horned lark use: 
bare sand, moss/lichen, grass/forbs.  Sites in that analysis included both Columbia River Island sites and 
Washington Coast sites.  To narrowly describe the high use habitat for Columbia River island sites only, 
we used the same data and removed the WA coastal sites.  The resulting values represent the mean 
percent cover of important vegetation characteristics in lark high use areas for Columbia River island sites 
only (Table 4).   
 
Table 4. Mean %cover of habitat characteristics for Streaked Horned Lark high use areas on Columbia 
River islands.   
Variable Mean % Cover (Standard Error) 
Bare Sand 73.8 (5.98) 
Moss / Lichen 12.15 (5.56) 
Grass / Forbs 55.77 (6.01) 
 
Digitizing 
In order to measure vegetation change over time and in relation to dredge material deposition, it was 
necessary to have dredge material deposition and vegetation information digitally represented.   
 
Dredge Material Deposition History 
To digitize the dredge deposition history we used the deposition dates and volume estimates in Table 3 as 
a guide.  However, in several instances we found areas of deposition that were not included in the 
deposition data provided by the USACE.  While those deposition volumes are not displayed in Table 3, 
we included the spatial extent of those deposition events in our analysis.    Digital polygons for each 
deposition event were drawn in ArcGIS using heads-up methods for all islands for all years. In one 
instance (Tenasillahee in 2004) the aerial photographs were taken while deposition activities were 
underway.  In that case we were unable to determine the spatial extent of the deposition event, and that 
island was excluded from the analysis. After digitizing deposition for all available dates, we performed a 
union in ArcMap and calculated for each polygon for each year the area covered by deposited material 
and the date of last deposition.   
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Vegetation 
In order to measure changes in vegetation over time, we created vegetation maps from the 1996 and 2008 
imagery. Due to the number of sites and the complexity of the vegetation patterns, we used image 
segmentation to generate vegetation polygons based upon neighborhood-level patterns of spectral 
reflectance and shape characteristics. We used Berkeley ImageSeg to perform the segmentation 
(http://berkenviro.com/berkeleyimgseg/). For each island, we exported a GeoTIFF of the island extent, 
and ran segmentation with the following parameters: Threshold=50, Shape=0.3, Compactness=0.3 
We chose these settings after running numerous sample segmentations on a portion of Miller Sands. 
These settings produce segments that capture small features (such as shrubs) surrounded by much larger 
features (such as recent sand deposition) and also capture highly interdigitated vegetation types. 
In addition to producing the vector spatial data, we used ImageSeg to generate a CSV file of spectral and 
shape characteristics, which were used for segmentation clustering and vegetation classification. 
 
We used the open-source data mining program WEKA (from the University of Waikato, 
http://www.cs.waikato.ac.nz/ml/weka/) to cluster the segments produced by Berkeley ImageSeg. We used 
the Expectation Maximization algorithm to assign each segmentation polygon to a cluster of similar 
polygons. After cluster membership was assigned we selected polygons encompassing a vegetation class 
of interest (for example, bare sand), then selected all clusters within the manually selected set. We 
visually inspected the selected set, and after excluding polygons that did not encompass bare sand and 
including polygons that did include bare sand, we assigned the vegetation class name to all polygons 
within that set. For each class there were a few dozen polygons that were assigned to the wrong cluster, 
and there were approximately a hundred polygons that needed to be manually edited to more accurately 
reflect the boundaries between vegetation classes. All other polygons created by the image segmentation 
software were accepted in their original form.  Figure 2 depicts examples for each step of the digitizing 
method. 
 

 
 

Figure 2. Vegetation digitizing demonstration 
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Analyses 
 
Vegetation Change: Number of Acres 
We used two-sample t-tests assuming unequal variance to determine if the number of acres in each target 
vegetation category (bare sand, grass/forbs, moss/lichen) changed between 1996 and 2008.    
 
Vegetation Change: Time since Deposition 
To determine if there was a significant relationship between our habitat variables of interest (bare sand, 
moss/lichen, grass/forbs) and the time since dredge material deposition, we ran a regression correlation 
between time since deposition and the target habitat variables in 2008. 
 
To determine time it takes for the habitat to become suitable for larks and the length of time it remained 
suitable, we overlaid the lark suitability target for each habitat characteristic in which we detected a 
significant linear relationship (bare sand, moss/lichen).  We highlighted the area on the graph where the 
regression line overlapped with the habitat values observed in high lark use areas.  
 
Suitable Habitat 
Using our digitized 2008 vegetation data, we employed a moving window analysis of focal means to 
define where suitable habitat for streaked horned larks likely occurs on the islands.  Because bare sand 
was the most predictive for lark high use in the model produced by Pearson et al (2005a), we used that 
variable to define suitable (Table 5).  Suitability was determined using the extent of bare sand extracted 
from 2008 vegetation classification derived from WSDOT aerial photography. Cell resolution for bare 
sand raster data was 2m, percent cover of bare sand was measured using focal mean with a moving 
analysis window 50m x50m.  
 
Suitable habitat was defined as the range +/- two standard errors from the mean percent cover of bare 
sand.  Not Yet Suitable habitat was defined as the percent cover of bare sand that was in the range from 
100% cover of bare sand to greater than two standard errors from the mean. The percent cover of bare 
sand that spanned the range from 0% cover to less than two standard errors from the mean was assigned 
to unsuitable habitat categories.  To detect fine differences, we halved that range into two categories 
Unsuitable and Really Unsuitable. 
   
Table 5.  Values used for moving window analysis to determine spatial extent of suitable habitat 
Habitat Suitability Ranking % Cover of Bare Sand 
Suitable 61-85% 
Unsuitable 30-60% 
Really Unsuitable <30% 
Not Yet Suitable >85% 
 
Results 
 
Deposition History 
We were able to reconstruct the spatial deposition history for the majority of our target islands (Figures 3-
11).  Due to the timing of aerial photographs and dredge operations for one island (Tenasillahee) we were 
unable to reconstruct the spatial distribution of dredge material.  That island was removed from the 
analysis.  The USACE provided spatial information for dredge material deposited in 2008 on Welch 
Island (figure 6).  The timing of the deposition occurred after the aerial photograph was taken.  
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Figure 3.  1996-2008 Rice Island Dredge Deposition History 

 
 
 
 
 
 
Figure 4. 1996-2008 Miller Sands Dredge Deposition History 
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Figure 5. 1996-2008 Pillar Rock Dredge Deposition History 

 
 
 
 
 
Figure 6. 1996-2008 Welch Dredge Deposition History 
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Figure 7. 1996-2008 Coffeepot Dredge Deposition History 

 
 
 
 
 
Figure 8. 1996-2008 Whites (Brown) Dredge Deposition History 
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Figure 9. 1996-2008 Wallace Dredge Deposition History 

 
 
Figure 10. 1996-2008 Crims Dredge Deposition History. 
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Figure 11. 1996-2008 Sandy Dredge Deposition History 

 
Vegetation Change through time 
Although spatial distribution fluctuated, there was no significant difference detected in number of acres 
between 1996 and 2008 in the following vegetation classes: Sand (p=0.873), Moss/lichen (p=0.728), 
Grass/forbs (p=0.381) (Figure 11).  Figures 12-28 illustrate the spatial fluctuation in vegetation categories 
through time.   
 
Figure 11.  Comparison between number of acres for vegetation characteristics in 1996 and 2008. No 
significant difference between years for bare sand (p=0.873), moss/lichen (p=0.728), or grass/forbs (p=0.381).
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Figure 12. Significant relationship detected between the percent cover of bare sand and the years since dredge 
material deposition.  Percent cover of bare sand decreased linearly after deposition (R=0.79, p=<0.01). 
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Figure 13. Significant relationship detected between the percent cover of moss/lichen and the years since 
dredge material deposition.  Percent cover of moss/lichen increased linearly after deposition (R=0.65 p=0.02). 
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Figure 14. No significant relationship detected between the percent cover of grass/forbs and the years since 
dredge material deposition (R=0.65, p=0.50). 
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Vegetation Change and Time Since Deposition 
We detected a significant relationship between the time since deposition and the percent cover of bare 
sand (figure 12) and moss/lichen (figure 13) habitat characteristics.   We did not detect a relationship 
between the time since deposition and the percent cover of grass/forbs (figure 14).    
Because we know there is a relationship between both bare sand and moss/lichens and time since the 
dredge material was deposited, we can overlay that information with our target percent cover values for 
those habitat characteristics detected in lark high use areas.  We determined that the habitat remains in 
target lark suitability for 1.25 – 5 years for bare sand (figure 15), and 3.25 – 11.25 year for moss/lichen 
(figure 16).  When we overlay the duration of suitability for bare sand and moss/lichen together, we find 
that the habitat remains in lark suitability for 3.25 – 5 years (figure 17).     
 
Figures 18-33 depict the digitized vegetation maps for 1996 and 2008 for Rice, Miller Sands, Pillar Rock, 
Coffeepot, Whites (Brown), Wallace, Crims, and Sandy islands.  The 2008 vegetation maps also show the 
outline of dredge material deposited from 1996 to 2008.  Welch island deposition in 2008 occurred after 
the aerial photograph was taken.  Therefore the 2008 vegetation distribution does not reflect the 2008 
deposition.  For this reason it was excluded.  
 
Figure 15. Length of time that islands remain in target lark suitability for bare sand after deposition: 1.25-5 
years. 

 
Same base graph as figure 28, time 
since deposition and percent cover 
of bare sand.  The green horizontal 
line illustrates the mean percent 
cover of bare sand found in lark 
high use plots.  Dark yellow bar is 
one standard deviation; larger 
yellow bar is two standard 
deviations.  The blue bar is where 
the regression line overlaps with 
high use values, blue line is 
median value.   
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Figure 16. Length of time that islands remain in target lark suitability for moss/lichen after deposition: 3.25-
11.25 years. 

 
Same base graph as figure 29, 
time since deposition and percent 
cover of moss/lichen.  The green 
horizontal line illustrates the 
mean percent cover of 
moss/lichen found in lark high use 
plots.  Dark yellow bar is one 
standard deviation; larger yellow 
bar is two standard deviations.  
The blue bar is where the 
regression line overlaps with high 
use values; dark blue line is 
median value.   

 
 
 
 
 
 
 
 

 
Figure 17. Length of time that islands remain in target lark suitability for both bare sand and moss/lichen 
after deposition: 3.25-5 years. 
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Figure 18. Rice Island Vegetation Classes in 1996 

 
Figure 19. Rice Island Vegetation Classes in 2008 and Dredge Deposition History 1996-2008 
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Figure 20. Miller Sands Spit Vegetation Classes in 1996 

 
 
Figure 21. Miller Sands Spit Vegetation Classes in 2008 and Dredge Deposition History 1996-2008 
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Figure 22. Pillar Rock Sands Vegetation Classes in 1996 

 
Figure 23. Pillar Rock Sands Vegetation Classes in 2008 and Dredge Deposition History 1996-2008
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Figure 24. Coffeepot Island Vegetation Classes in 1996 

 
 
Figure 25. Coffeepot Island Vegetation Classes in 2008 and Dredge Deposition History 1996-2008 
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Figure 26. Whites (Brown) Island Vegetation Classes in 1996 

  
 
Figure 27. Whites (Brown) Island Vegetation Classes in 2008 and Dredge Deposition History 1996-2008 
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Figure 28. Wallace Island Vegetation Classes in 1996 

 
Figure 29. Wallace Island Vegetation Classes in 2008 and Dredge Deposition History 1996-2008 
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Figure 30. Crims Island Vegetation Classes in 1996 

 
 
Figure 31. Crims Island Vegetation Classes in 2008 and Dredge Deposition History 1996-2008 
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Figure 32. Sandy Island Vegetation Classes in 1996

       
 
Figure 33. Sandy Island Vegetation Classes in 2008 and Dredge Deposition History 1996-2008
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Suitable Habitat 
We assigned suitability categories for bare sand percent cover ranges based on the vegetation data 
collected in lark high use areas. We then quantified the number of acres in each of those habitat categories 
at the study sites in 2008 (figure 34).  There are approximately 95 acres, or 6.84% of the landscape at the 
study sites, in suitable condition for streaked horned larks.  We displayed the spatial distribution of those 
categories on the digitized vegetation maps for 2008, creating maps for each island that show the areas 
that habitat for larks would be most suitable, areas grown beyond suitable, and those not yet suitable 
(figures 35-41).  These maps can help direct where dredge material should be placed and also were used 
to direct the placement of restoration trial plots in March 2009.  
 
Figure 34. Numbers of acres for all study sites combined in each suitability category in 2008. Suitable=61-
85% bare sand; Unsuitable=30-60% bare sand; Really Unsuitable=<30% bare sand; Not yet suitable=>85% 
bare sand 
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Figure 35. Rice Island modeled suitable and unsuitable habitat  
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Figure 36. Miller Sands Spit modeled suitable and unsuitable habitat  

 
 
 
Figure 37. Pillar Rock Sands modeled suitable and unsuitable habitat  
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Figure 38. Coffeepot Island modeled suitable and unsuitable habitat 

 
 
Figure 39. Whites (Brown) Island modeled suitable and unsuitable habitat 
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Figure 40. Crims Island modeled suitable and unsuitable habitat 

 
 
Figure 41. Sandy Island modeled suitable and unsuitable habitat 
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Discussion  
The Columbia River dredge material islands are important both geographically and ecologically to the 
range-wide persistence of the streaked horned lark.  The islands are located in the center of the species’ 
range, midway between both the Washington coastal and inland distributions as well as midway between 
northern and southern distributions in the Puget Trough and Willamette Valley.  The Columbia River 
population has been documented as having higher reproductive success than the populations studied in the 
Puget Trough (Pearson and Hopey 2005) and is important wintering habitat (Pearson et al 2005b).  The 
streaked horned lark is in decline, with a population growth rate as low as 60% each year in some areas 
(Pearson et al 2008). Extirpated from both the northern and southern extremes of its historic range 
(Stinson 2005), the population is in danger from further retraction. The Columbia River larks are 
important due to their influence on the range wide population.  Columbia River larks have been 
documented with higher fecundity than at other sites in their range (Pearson and Hopey 2005). Stabilizing 
and increasing the Columbia River population could provide a source for emigration and perhaps even 
recolonization of available habitat.  
  
Efforts to stabilize and increase the Columbia River island population should first include minimizing 
direct and indirect effects as well as providing enough suitable and available habitat so that the population 
can thrive.  To minimize negative effects to breeding streaked horned larks, disturbance to occupied 
habitat during the breeding season should be avoided (April 15 – August 15).  Potential disturbance 
actions include staging of equipment, dredge material deposition and distribution, grading, recreational 
vehicle use, and camping.   
 
The results of our analysis confirm that dredge material deposition maintains habitat in suitable conditions 
for streaked horned larks.  Without deposition events, other active management or local disturbance the 
habitat characteristics important for streaked horned larks tend toward conditions not selected by larks 
through succession.  For moss/lichen growth, this succession progresses linearly with the percent cover of 
mosses increasing through time.  The inverse is true for the percent cover of bare sand, which decreases 
linearly after deposition.  We determined that to maintain these two most predictive habitat characteristics 
in a condition for streaked horned lark use, dredge material deposition or other disturbance should occur 
on the Columbia River island sites every 3.25 to 5 years.    
 
It should be noted that this analysis was conducted on a broad scale, grouping information all islands 
together.  Each island however, has its own combination of factors that influence vegetation succession.  
Those factors include where in the river the island is situated resulting in differing effects from the wind, 
potential seed source, invasion of native and non-native vegetation, land use, distance to navigation 
channel, and many others. This analysis and resulting temporal deposition recommendation (3.25-5yrs) 
should be used as a guide only.  We have documented instances where streaked horned larks are using 
areas that are outside the recommended deposition window.  One example is that a streaked horned lark 
was detected on Coffeepot Island in 2004, and the last dredge material placement was prior to 1996. 
Surveys for streaked horned larks should be conducted prior to any dredge material operation to 
determine presence/absence and to spatially document any individuals.  This information can be used to 
ensure disturbance does not negatively affect breeding birds. 
 
We determined that there are approximately 100 acres or just over 6% of the landscape on these islands in 
suitable condition for streaked horned larks in any given year.  The largest proportion of habitat on these 
sites is in the Really Unsuitable category.  Maintaining at least 100 acres in suitable condition and 
increasing suitable habitat available for prospecting larks is a priority action for conservation of this 
population.  This can be achieved by placing dredge material in areas that are identified as unsuitable. 
Characteristics of unsuitable habitat include dense moss cover, little open ground or bare sand, dense 
concentrations of large grasses or shrubs, and trees.  The maps depicting 2008 vegetation (figures 19, 21, 
23, 25, 27, 29, 31, 33) or the suitability maps (figures 35-41) can help direct where deposition should 
occur in the future.  It is important to note that before deposition actions are planned or occur, sites should 
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be surveyed to ground-truth those maps both for vegetation type as well as surveyed for occupation by 
Larks.  
 
Information resulting from this analysis indicates that management practices from 1996-2008 has 
maintained the same absolute number of acres at the study sites for each habitat characteristic identified 
as important for larks.  It is the spatial distribution of those characteristics that change.  We assume that 
Larks are moving from patch to patch and island to island as the distribution changes with deposition 
actions and vegetation succession.  Streaked horned larks are known from other areas of their range, such 
as the Willamette Valley, to be somewhat nomadic.  Evolution of such behavior makes sense for an 
animal that selects early successional habitat that changes rapidly.  Conversely, once an individual animal 
breeds on a site, they exhibit high site fidelity (Pearson et al 2008).  Individuals have been observed 
returning to almost the exact same place on the ground to breed year after year (personal observation).  It 
is only first year birds that have been observed dispersing to new locations (Pearson et al 2008).  Creating 
habitat in suitable condition in areas that are spatially distinct from where dredge material placement 
occurs could be an important strategy for stabilizing and perhaps boosting the Columbia River island 
population.  
 
While there is not a documented minimum size threshold that can dictate occupation of a site by streaked 
horned larks, it is clear that they select large tree- and shrub-less expanses dominated with grasses and 
forbs with plenty of bare ground for breeding and overwintering.  The smallest occupied site known from 
the Puget Trough is roughly 300 acres at the Shelton Airport. It appears that on the Columbia River 
islands the water itself may act as that wide expanse of open habitat.  In this way, streaked horned larks 
may occupy smaller habitat patches than in inland areas.  This assumption is yet to be confirmed and 
deserves further investigation.   
 
Many of the sites analyzed have rather large infestations of beach grass (Ammophila spp.) and horsetail 
(Equisetum).  Both these plants create habitat conditions that exclude streaked horned lark use.  We 
recommend experimenting with placing dredge material directly on top of these infestations to control 
and eliminate the vegetation.  
 
Note that the vegetation distribution figures give us a coarse picture of the vegetation on the islands and 
how it generally changes through time.  However, collecting data from remote sensing imagery limits 
how vegetation is classified.  The digitized vegetation categories are necessarily mutually exclusive; each 
piece of ground is assigned only one category (e.g. bare sand or moss/lichen or grass/forbs).  This is not 
always the condition observed on the ground.  For instance, there can be areas where both grass/forbs and 
moss/lichen are growing in concert on the same patch of ground. 
 
The US Army Corps of Engineers has considerable influence on the potential positive and negative direct 
and indirect effects to the Columbia River Island population of Streaked Horned Lark. By using the 
information presented here and working in coordination with regional wildlife biologists we believe that 
USACE can utilize dredge material deposition to positively affect and create habitat for this important 
population.  
 
Management Recommendation Summary 

• Annually monitor sites for streaked horned lark occupation and abundance. 
• Avoid dredging operations on occupied sites during the breeding season (April 15 – August 15). 
• Conduct streaked horned lark surveys on potential deposition sites to determine occupancy prior 

to initiating deposition actions. 
• Maintain at least 100 acres of habitat in suitable conditions through deposition and restoration 

actions for all sites and increase available suitable habitat in the future.  
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• Dredge material should be placed every 3.25 – 5 years to maintain preferred streaked horned lark 
habitat.  

• Dredge material deposition should occur on areas of sites that contain unsuitable habitat, such as 
areas with high cover of moss, beach grass, equisetum, and non-native shrubs.  

• Initiate experimental trials to control invasive plants with dredge material deposition.  
 
Future Research 
Defining alternate methods for creating streaked horned lark habitat on these important island sites is an 
important action for Streaked Horned Lark conservation and recovery.  The second year of this project, 
funded by USFWS and USACE and supported by WDFW is underway to experimentally test 
methodology for mechanically creating streaked horned lark habitat. These restoration trials can provide a 
information for a new tool to create habitat that does not rely on deposition actions.  In this way managers 
could create habitat away from the navigation channel, thus potentially reducing the conflict between 
dredging operations and streaked horned lark use.  
 
We recommend conducting spatially explicit streaked horned lark surveys on these islands every year so 
that dredging operations can be informed of the location and number of lark individuals on these islands.   
 
We also recommend conducting studies to assess reproductive success on these sites in relation to dredge 
material deposition timing and habitat conditions on the site as well as determining minimum habitat 
patch size for breeding and wintering streaked horned larks at sites on the Lower Columbia River islands. 
 
Controlling the invasive beach grass, shrubs, and Equisetum on the sites is an important strategy for 
maintaining habitat for streaked horned larks.  Without active management these invasions can quickly 
displace breeding birds.  Herbicide and fire may be effective tools but would be logistically difficult to 
implement on these sites.  We recommend initiating experimental trials that would place dredge material 
directly upon invasions of shrubs, beach grass, and equisetum as a control method. 
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