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Introduction 
 
The streaked horned lark (Eremophila alpestris strigata), a subspecies of the horned lark, is considered 
rare in every region of its historic range (Figure 1). The species is red-listed in British Columbia where it 
is thought to be extirpated, Washington State lists the species as endangered and it is considered a 
sensitive species in Oregon. The streaked horned lark (lark or STHL) is a Federal Candidate for listing 
under the Federal Endangered Species Act (ESA), currently under status review. Genetic data indicate 
the subspecies is genetically unique, isolated, and has little genetic diversity (Drovetski et. al. 2005). 
Recent breeding population estimates suggest there are 1170-1610 birds in existence (Altman 2011). 
The species occurs on large treeless expanses with short and sparse vegetation. These birds use a variety 
of habitat types and sites that meet those criteria, including coastal sites and lowland prairie in 
Washington, agricultural land in Oregon, and airports throughout their current range.  
 
STHL use the dredge-material islands of 
the lower Columbia River for breeding 
and wintering. These occupied sites are 
important as a geographic link between 
the occupied sites to the north, west, and 
south with documented movement 
between the island sites and other 
regions throughout their range (Pearson 
et al. 2008). The sites are also important 
as productive breeding sites, having 
higher reproductive success than sites in 
the Puget Lowlands (Pearson and Hopey 
2005). The islands are also used by the 
US Army Corps of Engineers (USACE) 
in their role to ensure the ship navigation 
channel is maintained in the lower 
Columbia River. The upland deposition 
of dredge material, as well as beach 
nourishment actions, can provide a great 
benefit to STHL. The removal and 
deposition of this material not only 
maintains the navigation channel, its 
placement literally covers overgrown 
vegetation with bare sand creating the 
open structure and sparse vegetation 
habitat type that is preferred by STHL.  
 
Habitat analyses for the islands indicate 
that sites receiving deposition of dredge 
material become suitable lark habitat in 
approximately 3.25 years after 
deposition, and remain suitable for up to 
5 years after placement (Anderson 2010). 

Figure 1. Streaked horned lark estimated current and historic range. 
*Note that due to shifts in land use, particularly agriculture, only 
small portions of the Willamette Valley are truly occupied at any one 
time. 
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However, the temporal and spatial placement of material could have serious negative impact to the 
species.  If material is placed during the breeding season at occupied sites, the large amount of 
disturbance as well as direct placement of material on nest sites can severely compromise breeding.  In 
2005, the Washington Department of Fish and Wildlife (WDFW) observed a dredging operation on 
Miller Sands Spit where dredge material was placed directly on a streaked horned lark nest resulting in 
mortality of nestlings (Scott Pearson, personal communication).  Our habitat analysis for these islands 
showed that there are approximately 100 acres of habitat in suitable condition for STHL (Anderson 
2010). Maintaining that amount of habitat in this condition should be seen as a minimum threshold for 
the Columbia River lark population.   
 
The selection of deposition sites is influenced by a number of factors including in-water shoaling, beach 
erosion, ship navigational needs, and dredge operation logistics. Creation of streaked horned lark habitat 
is not a current consideration for material placement. The habitat benefit enjoyed by STHL has, to this 
point, been a happy accident. There is no assurance from USACE that an adequate amount of habitat 
along these islands will be maintained through dredge deposition actions.  Nor is the spatial application 
of the habitat-creating activities aligned with lark use or vegetation successional state. Having reliable, 
practical, habitat-creating techniques other than dredge-material placement was an outstanding 
management need for lark habitat in the lower Columbia. With proven restoration techniques, actions 
can be coupled with planned dredge material placement to ensure that larks have adequate available 
habitat and are not negatively impacted by dredging operations. 
 
There are several techniques that have been used to restore lark habitat in Puget prairies, such as the use 
of prescribed fire and herbicide. However, working on the River poses logistical challenges and those 
techniques may not be as feasible.  In contrast, there are techniques that may not be appropriate for high 
quality native prairie sites, such as tilling. Tilling necessarily destroys vegetation and would not be 
appropriate in habitat with vegetation of conservation interest. On the Columbia River island sites, there 
is no such conservation conflict. Due to its relatively low cost and low impact, tilling arose as a 
technique that could be used to create lark habitat. 
 
We aimed to test a technique to create early successional habitat where dredge placement was not 
planned to occur.  We set out to understand the vegetation and lark response to tilling manipulations. We 
asked three primary questions: 1) Does tilling create lark habitat?  3) Does the level of tilling effort 
matter? 4) Will larks use restored areas? 
 
In addition to the restoration trial, we aimed to document sites occupied by STHL and the areas they 
were using in order to inform the USACE dredge material deposition actions and minimize conflict 
between larks and dredging. 
 
Methods: 
 
Site and Plot Selection 
We selected dredge material island sites in the lower Columbia River that either were known to be 
historically occupied by STHL (Pearson & Hopey 2005, WDFW unpublished data), or appeared to 
contain suitable habitat within the range of occupied sites along the lower Columbia (Figure 2).  A 
subset of those sites was selected for the restoration trial. The experimental plots on the selected islands 
were sited using several criteria. The plots must be situated in areas of unsuitable habitat that were 
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unoccupied by larks, have no horsetail (Equisetum spp.) or beach grass (Ammophila spp.), few trees or 
shrubs, and were accessible by our equipment.  
 

 

 
We used the results from our past habitat analysis, conducted in 2008, to guide the initial selection of 
sites for the restoration trial.  Using ArcGIS we remotely laid out experimental plots in areas that were 
categorized as unsuitable or really unsuitable by our habitat analysis (Anderson 2010) (e.g. Figure 3).  
Remote plots were laid out that avoided areas occupied by STHL in 2008 (unpublished data WDFW) 
and areas dominated by trees and shrubs. We elected to use relatively large treatment areas (approx. 0.5-
hectare) rather than smaller research plots. We assumed a very low risk to larks to treat large areas and 
should the treatments be effective at creating habitat, the benefit to the species would be achieved 
immediately. In addition, the cost to implement smaller plots would be near the same as larger plots. 
 
 
 
 
 

Figure 2. Island sites in lower Columbia River that were used in the study. All sites were surveyed for lark occupation. 
Sites in red are restoration trial sites.  
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In February 2009 we visited the selected islands 
and laid out plots on the ground (Appendix I). In addition to the remote criteria applied to plot selection, 
we avoided areas dominated by horsetail as research has shown that tilling this species results in greater 
infestation (CRC 2003; Whatcom County Public Works 2004). We also avoided areas dominated by 
European or American beach grass as this plant’s reproduction method is predominantly rhizomatous 
and cut stems resulting from disking could increase its coverage. The selection criteria resulted in plots 
with varied shape, size, and placement (see Appendix I) that were typically sited in areas covered with 
thick moss. We randomly assigned treatments to plots. Table 1 provides details of the treatment plots. 
 
 Treatments 
Tilling treatments were implemented 25 March 
2009, prior to the onset of the lark breeding 
season (mid-April) (Pearson & Hopey 2005) to 
reduce potential for negative impact to breeding 
individuals. A tractor with a 12ft field disc was 
barged to each site and off-loaded on the 
selected islands (figure 3).  
 
Four treatment types were replicated four times 
for a total of sixteen plots. Treatments included: 
no tilling (control); tilling the plot with one pass 
of the disc over the entire treatment plot (one 
pass); tilling with two passes over the entire 
treatment plot (two pass); and partial treatment 
wherein approximately 50% of the treatment 
plot is disked once in alternating strips of tilled 
and untilled land (strip) (figures 4-7). We used 

Table 1. Restoration Plot Details 
 
Site Name Plot ID Treatment Size (m2) 
Miller Sands 
Spit 

MS1 One Pass 3275 
MS2 Control 3688 
MS3 Strip 4751 
MS4 Two Pass 3046 
MS5 Strip 2545 
MS6 One Pass 2255 
MS7 Control 3606 
MS8 Two Pass 2860 

Wallace 
Island 

WA1 Control 5514 

Welch Island W1 Strip 4807 
W2 One Pass 5298 
W3 Control 5166 

Tenasillahee Ten1 Two Pass 5057 
Ten2 Two Pass 5057 

Sandy Island S1 One Pass 4586 
S2 Strip 4571 

 
 

Figure 3. Sandy Island habitat suitability output from 
Columbia River habitat analysis (Anderson 2010). 

Figure 3. Barge with tractor being offloaded at Tenasillahee 
Island.  
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the one- and two-pass treatments to understand if level of tilling matters.  The strip treatment was used 
to see if larks would use smaller areas of restored habitat interspersed with unsuitable areas.  
 
 

 
Data Collection 
We collected three types of monitoring data related to this project: vegetation response to treatment; lark 
presence in treated areas; and lark occupancy on islands. In 2009 and 2010 we conducted vegetation and 
lark response monitoring as planned.  In addition, in 2009 we conducted lark occupancy monitoring on 
the treatment islands and additional islands known to be occupied by STHL. In 2010 we began a new 
protocol for lark occupancy monitoring that included mapping. Due to efficiencies in spending and 
support from partners, and an extension from FWS, we were able to conduct additional lark occupancy 
surveys in 2011.  
 
Habitat Monitoring 
We conducted post-treatment habitat response monitoring in the treatment plots in June during the 
STHL breeding seasons of 2009 and 2010 (6/30/09 & 6/29/10). Pearson & Hopey (2005) provide 
information on habitat characteristics in areas of high use by STHL. That work suggests that habitat in 
high use areas is predicted by habitat structure rather than composition, and is particularly driven by the 

Figure 4. Control 
 

 
Figure 5. One Pass 

 
Figure 6. Two Pass 

 
Figure 7. Strip 
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% cover of bare ground. We used the values in Table 2 to represent 
STHL use habitat originally presented by Pearson & Hopey (2005) and 
modified in Anderson (2010).  
 
Data were collected using the point-intercept method along two 
25meter transects that bisect at the middle, situated at the center of each plot, such as was implemented 
by Pearson & Hopey (2005). We used a narrow diameter wooden dowel to sample at each meter along 
each 25m transect. Each time a plant or ground cover class touched the dowel, it was recorded as a “hit” 
along the transect. Percent cover of each variable was calculated by dividing the total number of hits by 
the total number of sampling points along the transects (52). Our treatment plots were much bigger than 
the area sampled for vegetation. For ease and speed of data collection, we only sampled in the center of 
the plot and used that smaller area to characterize the remaining area of the plot. For the strip transects, 
the bisected sampling transects were situated on the diagonal so that the sampling transect covered the 
variation of vegetation. Because structure, and not species composition, is the important driver in 
predicting lark use we did not collect information of actual plant species and instead focused on 
functional group. We collected information on the following habitat components: % cover vegetation 
(grasses, forbs and thatch); and ground substrate (bare sand, moss). We collapsed all vegetation into one 
category and present it together.  
 
Lark Presence Monitoring in Treatment Plots 
We surveyed for lark presence in 2009 and 2010 in the restoration areas to determine if larks were using 
the treated areas. We aimed to conduct at least three surveys each year during the lark breeding season 
(April – August). Each plot was observed for a period of 3 minutes. Observer walked a slow-paced 
transect through the plot, stopping for one minute at each end and one minute in the center. All larks and 
their behaviors were recorded. Experienced and/or well-trained observers conducted all surveys. 
 
Lark Occupation Surveys 
We conducted lark occupation surveys on the selected islands during the breeding seasons of 2009, 2010 
and 2011. In 2009 all larks detected were recorded but locations were not mapped. In 2010 and 2011 a 
new method was used modeled on the draft protocol established by WDFW. We aimed to conduct 
surveys once each month through the breeding season (April – August) from 6am – 1pm under 
appropriate weather conditions. Parallel transects situated 75m apart were walked slowly through 
available habitat, stopping every 75 meters to scan for birds. All larks and their behaviors were recorded 
and mapped. Additional avian species thought to be predators of STHL were also recorded. Experienced 
or well-trained observers conducted all surveys. Observers carried both binoculars and spotting scopes 
(when possible). 
 
Data Analysis 
We analyzed the restoration trial vegetation data and data from a previous study in lark high use areas 
(adapted from Pearson & Hopey 2005) using a repeated measures ANOVA (alpha = 0.05), evaluating 
effects of time, treatment (control, one-pass, strip, two-pass, use) and their interactions on percent cover 
vegetation, moss and sand in treatment areas. Data were either log-transformed or arcsin square-root 
transformed to achieve assumptions of normality and equal variances. Post-hoc pair-wise comparisons 
were conducted using Tukey’s HSD. All analyses were performed with SAS 9.3. 
  

Table 2. Strong predictors lark   
habitat use. 
Habitat 
Characteristic 

Mean % 
Cover (SE) 

Moss 12.5 (5.56) 
Sand 73.08 (5.98) 
Grass/Forbs 55.77 (6.01) 
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Results and Discussion:  
 
Habitat Response to Treatments 
Figures 8-10 show habitat responses to the treatments in both 2009 and 2010. Each figure is a different 
representation of the same data analysis, displayed differently to address the various questions. Plots 
were distributed among 5 island sites and data from each island site were grouped into one dataset. Each 
island has different factors influencing successional patterns (e.g. vegetation composition, wind) and 
thus habitat characteristics, thereby contributing to high variability in data collected. Even with high 
variability, our results do show a coarse pattern that tilling, regardless of intensity, exposes the sand and 
puts vegetation into a state similar to habitat used by STHL.  

 
Figure 8 demonstrates that 
ground substrate (moss, sand), 
the strongest predictors of STHL 
use, was significantly different in 
control plots than use plots in 
2009 (moss and sand) and in 
2010 (sand). Vegetation cover 
did not differ between the control 
plots and the use plots. Although 
vegetation cover was similar in 
both control and use datasets, it 
is the ground substrate that 
makes the difference to the lark.  
In control plots, the ground was 
almost completely covered with 
moss.  In areas of high use, 
although the vegetation cover is 
similar, the ground is mostly 
bare. 
 

 
Figures 9 and 10 show the % cover of each habitat component measured in each of the treatment types 
for each year. While these two figures present the same data, Figure 9 shows the habitat variables 
combined to provide a comprehensive picture of STHL habitat relative to the treated sites, while Figure 
10 shows each variable separately. Different than many studies, the results of interest are those that are 
NOT significantly different from the STHL use plots.  Note that STHL use data were collected only 
once in 2005 yet are represented here twice, once each year in 2009-10.  
 
The most important component of STHL habitat structure is the ground substrate; STHL selects areas 
with a high percentage of bare ground (sand). There is an apparent inverse relationship between the 
cover of moss and the cover of sand. When the moss is tilled up, sand is exposed. While treatment 
effects on moss were not statistically significant, the results might be biologically significant; the control 
in 2009 had 70% moss cover, while both one- and two-pass treatments had <30% cover (Figure 10a). 
The inverse interaction between moss and sand was demonstrated with the significantly higher % cover 
of sand than controls in both one pass and two pass treatments (Figure 10a). In both years, both the one 
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Figure 8.  Percent cover of each habitat variable in areas used by larks (Use) 
and the control treatments in 2009 and 2010. Means (± 1SD) are presented. 
Different letters denote significant differences (p<0.05) between treatments. 
Use data originally presented in Pearson & Hopey (2005) and modified in 
Anderson (2010). 
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pass and two pass treatments achieve the bare ground (sand) value similar to what STHL use (Figure 
10b). The strip treatment results were somewhat inconclusive with the moss data curiously high in 2009 
and lower in 2010; high variability in the data likely contributed.  
 
The results for percent cover of vegetation when viewed separately (Figure 10c) could be misleading, as 
there were no significant differences in vegetation detected between any of the treatments analyzed. 
When tilling treatments were applied, the vegetation cover was slightly reduced in the first year and in 
some cases doubled by the second year. Although the result was only significant in the two-pass 
treatment, it is clearly apparent that vegetation cover rapidly increases after tilling for all treatment 
types.  
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Figure 9. Percent cover of each measured habitat variable (moss, sand, vegetation) 
for both 2009 and 2010 in all treatments. Means (± 1SD) are presented.  Use data 
originally presented in Pearson & Hopey (2005) and modified in Anderson (2010). 
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for all treatments in both 2009 and 2010. Means (± 1SD) are presented. Different 
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(upper case). There was no significant year effect for moss or sand; therefore only 
treatment differences are displayed. Use data originally presented in Pearson & 
Hopey (2005) and modified in Anderson (2010). 
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Lark Response to Habitat Treatments 
In 2009 we conducted 48 visits to plots and observed 
STHL in treatment plots during 4 visits.  One of those 
visits included detection of both an adult and young of 
the year. In 2010 we conducted 51 visits to plots and 
observed larks in plots on 4 visits. We detected STHL in 
all treatment plot types for a total of 8 observations out 
of 99 visits (8%) (Table 3). We detected both adult 
males and females and young of the year. Larks were 
never detected in the control plots.  Treatment type did 
not appear to influence the lark response; we detected 
larks in all three manipulated treatments. In all cases, 
detections were on islands already occupied by breeding 
larks and were near suitable habitat.  Although this is a 
rather low number of observations, it is important to look at the results relative to the number of larks 
known to occupy the Columbia River islands. On the islands with restoration plots there are a collective 
estimated 7 breeding STHL pairs.  For the Columbia River islands visited there are likely some 44 pairs 
(as of 2011; Table 4). While we were unable to perform statistical analyses by treatment type on such a 
small sample size, the fact that STHL used the restored habitat at all is the best indication that the 
restoration treatments did in fact create habitat that is utilized by STHL.  
 
Lark Occupation Surveys 
Owing to their territorial displays, 
males are much more visible and thus 
more likely to be detected than 
females. We report here the high 
number of adult males detected during 
any one survey to represent the 
potential population at each site.  We 
make the assumption that all males are 
paired, thus providing an estimate 
number of pairs breeding at each site in 
each year (Table 4).  In two cases, 
males were not detected during surveys 
yet females were detected, indicating 
that the site remains occupied. 
Appendix II provides images of lark 
locations in 2010 and 2011, giving a 
snapshot of areas on the sites that are being used by larks.  Although we attempted to visit each site at 
least 3 times each breeding season, we were not always able to achieve that goal. Weather, 
transportation issues, number of surveyors, and other factors influenced the number of sites we were 
able to visit with each survey attempt.  
 
The surveys do not give a statistically defensible picture of population trend, but do document if the site 
is occupied and what areas within the site the larks are using. This up-to-date spatial information is 
crucial to inform and guide dredge material placement to avoid negative impact to STHL.  

Table 4. Summary of lark occupation surveys. High number of male larks 
detected at any one visit is reported. Assume all males are paired for 
estimated numbers of pairs. 

Site 2009 2010 2011 
Visits Males Visits Males Visits Males 

Rice Island 3 9 2 6 2 13 
Miller Sands 2 2 2 3 3 4 
Pillar Rock 2 4 3 3 3 4 
Welch 1 0 2 1 3 0 
Tenasillahee 2 1 3 2 1 2 
Browns 1 7 3 15 2 14 
Wallace 1 2 3 0 1 0 
Crims 1 0 2 01 1 7 
Cottonwood 1 0 0 - 0 - 
Sandy 1 1 2 1 1 02 
Total 15 25 22 31 17 44 
1 One female was detected during this visit indicating the site is occupied. 
2 Two females were detected during this visit indicating the site is 
occupied  

Table 3. Summary table of lark detections during 
lark presence monitoring in treatment plots.  
 

Treatment 
Type 

# 
Visits 

# Obs. # Larks 
detected 

2009 
Control 12 0 0 
One Pass 12 1 1 
Two Pass 12 2 2 
Strip 12 1 1 
2010 
Control 13 0 0 
One Pass 12 0 0 
Two Pass 12 2 3 
Strip 14 2 2 
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Management Recommendations: 
STHL select habitat situated in a wide-open landscape relatively free of trees and shrubs with a structure 
of short, sparse vegetation and a high percent cover of bare ground (sand). Results from the restoration 
trial indicate that on the Columbia River Island sites tilling is a useful technique to create streaked 
horned lark habitat structure when applied with regularity (annually or biannually). Due to high 
variability in the data, results of the analysis were not always statistically significant. However, 
ecologically, the characteristic structure of lark habitat was achieved, and STHL was detected in tilled 
areas, in both the first and second years after treatment, irrespective of treatment intensity.  
 
Creating habitat for STHL with tilling must be planned and applied carefully. Tilling should be used to 
complement dredge-material deposition to ensure that a minimum of 100 acres of suitable habitat 
are available for streaked horned larks every year distributed amongst the islands of the lower 
Columbia River.  To avoid negative impact to habitat and individual larks, any deposition or tilling 
should avoid suitable habitat and not be applied on sites occupied by STHL during the breeding 
season (Apr 15 – Aug 15).  
 
Tilling is best used in areas that are dominated by moss and grass/forb vegetation and should be 
situated in areas with the appropriate landscape context for STHL. Tilling should be applied outside the 
STHL breeding season, preferably prior to the onset of breeding (March). Tilling actions should be 
coordinated with the needs of additional species of interest that use the habitats present, such as the 
Canada goose (Branta canadansis), who use the dense moss for nesting.  
 
Many of the island sites are becoming increasingly dominated with non-native beach grass (Ammophila 
spp.) and the native horsetail (Equisetum spp.). Areas dominated with beach grass or horsetail should 
not be tilled, as both these species may increase in density and/or distribution after tilling. Areas 
dominated by beach grass or horsetail are not used by SHTL and they exclude dense areas entirely. 
Managers should employ other strategies to control beach grass and horsetail infestations on the 
islands. Considerable success has been achieved along the Pacific Coast controlling beach grass using 
an integrated approach of herbicide and bulldozing.  Strategic control of these habitat-modifying plants 
will greatly increase the potential available habitat for STHL and other species on the islands.  
 
Surveys are an essential component of implementing habitat-modifying activities on these island sites. 
Lark surveys are essential to understand where and how the larks are using the island sites. Trained 
observers should conduct annual STHL surveys that include mapping of lark individuals and 
recording potential breeding behaviors. At a minimum, we suggest 3 visits per site per year to ensure an 
adequate picture of lark use on the sites is achieved. Lark occupancy surveys should follow the WDFW 
standard protocol to ensure data are comparable between years and that data collected contributes to the 
long-term picture.  In addition, prior to any habitat-modifying action (deposition, tilling, invasive-
control) the area of interest should be visited and assessed for STHL suitability, presence of 
beachgrass or horsetail, and general habitat condition.  
 
Planning of deposition, tilling, and other STHL habitat-modifying activities is essential. Without careful 
decision-making about where, when and how actions are implemented, negative impacts to STHL and 
other species could occur. USACE should develop a comprehensive plan for streaked horned larks 
throughout the lower Columbia River that addresses habitat condition, dredge-material deposition, 
tilling actions, and efforts to control structure-modifying vegetation.  
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Conservancy; Sanders Freed, Mark Roth, Brian Kapusta, Center for Natural Lands Management; Toby 
Muck, Sidewinder Charters; Jim Grimes, Oregon Department of State Lands. 
 
 
 
 
 
 
 
 
 
 

 
Streaked horned lark pair in suitable habitat on Miller Sands Spit, 2009. Photo by Heather Ostle.  
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Appendix I. Restoration Trial Plot Placement 
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Appendix II. Lark Locations 2010 & 2011 
 
Images below capture all larks detected during all surveys in 2010 and 2011.  The images are not 
intended as representation of population at a site, as individual birds are likely documented several 
times. The images are a spatial representation of lark detections.  
 
Survey transects run lengthwise along the sites.  On some sites there are lines that intersect lengthwise 
transects (Rice, Brown’s, Crims) and other sites there are hash marks (Miller Sands, Pillar Rock, Welch, 
Tenasillahee, Sandy).  Both are indicators for surveyors to stop every 150m and scan for birds.   
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