
 
 

Streaked Horned Lark nestlings at the Corvallis Airport, June 2007.   Photo: Randy Moore 
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Introduction 

 

 

One of the more distinctively marked subspecies of horned larks, Streaked 

Horned Lark (Eremophila alpestris strigata, hereafter STHL, or lark), is restricted to the 

Pacific Northwest United States and southwestern British Columbia.  Formerly 

widespread in coastal foredunes, prairies, riverine floodplains, and oak savannahs, 

strigata has declined because of habitat loss and alteration from agricultural practices, 

fire suppression, river channelization, and dune stabilization.  This subspecies’ range 

formerly covered the entirety of lowland Washington and Oregon west of the Cascades, 

and a small portion of extreme southwestern British Columbia.  Recent survey work 

suggests that populations are now confined to Oregon’s Willamette Valley, Washington’s 

southern Puget trough and coast, and the lower Columbia River Valley from Portland, 

Oregon, to the river’s mouth.  The subspecies was recently listed as a Candidate for 

protection under the U. S. Endangered Species Act.  

 

Very little is known of STHL current or historic breeding ecology in Oregon.  It 

has received no applied conservation attention to date in Oregon that we are aware of, 

and only what preliminary descriptive breeding ecology we have been able to generate in 

the past 2 breeding seasons (2006 and 2007).  Because of this preliminary work, there is 

now adequate knowledge of the breeding habitats which are attractive to this open 

country species in its Oregon range.  Although STHL are largely dependent on the 

Willamette Valley’s abundant agricultural land for breeding habitat, a very small subset 



of mismanaged and marginal crop fields of various types in specific landscape settings 

appears to be suitable for these birds.  They also inhabit restored vernal pool and upland 

prairie habitats with suitable disturbance regimes, as well as several of the region’s 

municipal airports.   

 

For endangered organisms, it is unwise to restore/manage landscapes for the most 

heavily occupied habitat types without first assessing whether the contribution to 

population growth/stability is commensurate with their apparent suitability (i.e., these 

habitats do not act as ‘ecological traps’).  For example, although larks nest commonly in 

marginal agricultural fields in Benton County, these fields are often the target of late 

spring or summer soil/vegetation management practices that destroy eggs and young or 

cause adult females to abandon their nests.  Reliable measures of reproductive success 

from the habitat types listed above will allow landscape management  projects to focus on 

those habitats that maximize annual recruitment of new breeders, and will inform 

decisions about how restoration projects can manage restored natural areas for productive 

breeding of streaked horned larks.  When values of habitat-specific reproductive success 

and factors affecting reproductive failure are identified, it will become possible to 

effectively design habitat restoration programs and incentive-based agricultural 

conservation programs that will reverse streaked horned lark’s decline in the Willamette 

Valley. 

 

 

  



 

What follows details the results of fieldwork conducted in the southeastern 

Willamette Valley during breeding season 2008.  This work was designed to identify 

habitat- and locality-specific values of reproductive success at this site, to identify 

variables, if any, that are associated with reproductive success, and to identify direct 

sources of reproductive failure.     

 

Methods 

 

Field Sites 

 

The geographic scope of the study was determined,  prior to the beginning of field 

work, as central Linn Co. with extension to one large field in southwestern Linn Co. that 

was known to host breeding larks (Fig. 1).  The initial plan was to select a subset of 

agricultural fields with a variety of breeding habitats from the central Linn Co. portion of 

the study area and to include the 243-hectare MDAC Farms, an active NRCS/USFWS 

Wetlands Reserve Program (WRP) restoration site (Fig. 1).  Although we found 4 sites 

within the defined scope that met our criteria, we were unable to secure permission from 

the landowners (all sites were on privately owned land) for any of the fields in central 

Linn County.  Fortunately, this roadblock was made inconsequential by our first survey 

of MDAC Farms in early May 2008, when it was discovered that the preliminary 

restoration activities at this WRP site had created good enough habitat that its population 

of streaked horned larks had become the second largest in existence after the Corvallis 



Airport.  At that time, we determined that MDAC Farms would provide as much work as 

we could handle with existing funding, and the decision was made to focus all of our 

resources on this important site. 

 

 

Nest searching  and monitoring 

 

We searched for lark nests using the presence and behavior of adults as indicators 

of nest location.  Once a nest was discovered, we monitored and recorded the contents 

every 3 days until it failed or fledged young.  Nests were typically checked from a 

distance of 1-2m unless obscured by vegetation.   

 

For cases in which a nest was empty and the outcome of the attempt was unclear, 

nests were examined for evidence of predation (disturbed nest cup) or fledging (fecal sacs 

or faeces on the rim or just outside of nest cup).  In the absence of either of these 

indicators, we made observations of the territory’s adults to determine if they were 

attending fledged young.  The outcome of all but a handful of nesting attempts were 

determined using these cues. 

 

At day 7 in the nestling phase, chicks were banded with a single USFWS 

aluminum leg band and an individually identifiable combination of color bands. 

 

 



Covariates of nest outcome 

 

When a nest either fledged or failed, we made a number of measurements at the 

nest site to allow analysis of the relationship between any of these variables and nest 

outcome.   

 

• Nest orientation.  Nests were almost always placed at the base of a nest plant.  Nest 

orientation was defined as the direction of a line from the center of the nest plant 

through the center of the nest.  Functionally, it can be described as the direction the 

nest faces. 

• Nest concealment.  We took a subjective measurement of nest concealment from each 

cardinal direction, 1m from the nest at 1m elevation.  We recorded the same data 

from 1m directly above the nest (giving 5 data points for each nest).  Categories for 

this measurement were: from 90 to 100% concealment, from 50-90% concealment, 

from 10 to 49% concealment, and 0-10% concealment.  These categories were 

assigned a value of 0-3, respectively, giving each nest 5 integer values in place of 

each subjective measurement.  These 5 values were added for each individual nest to 

arrive at the concealment score for that nest.  Concealment score 6 and below was 

considered a poorly concealed nest, from 7 to 10 a concealed nest, and from 11 to 15 

a well concealed nest.  A dummy variable (coded 1 and 0) was created for each of 

these categories for use in MARK’s linear modeling process. 

• Vegetation density and height around nest.  A metric for this variable was determined 

using a variation of the point quadrat method (Robinson 1955).  Using a sampling 



stick with 10 points separated by 10cm, we made 3 measurements at 0, 60, and 180 

degrees on a circle centered at the nest.  We recorded whether vegetation contacted a 

point (“vegetation hits”).  Senescent vegetation flush with the ground was not 

considered a hit.  We calculated vegetation density at the nest as hits/10 for each 

measurement (0, 60, 120) and calculated mean vegetation density for each nest as 

the mean of these 3 density measurements.  We also recorded height of the nearest 

vegetation within 5 cm at each point, calculating mean vegetation height for each 

nest as the additive value of these measurements divided by 30. 

• Distance to nearest habitat break.  Distance to nearest significant change in habitat 

structure (i.e., such that there was an obvious edge between structural habitat types).  

For example, for birds that nested on the berms of wetland structures, the nearest 

break was often either open water or wetland flat (Fig. 2). 

• Distance to nearest trees row or plot.   

• Distance to nearest vehicle lane.  Vehicle lanes included runways and roads of all 

substrate types. 

• Habitat type.  Types present at MDAC include fallow grass field, and restored 

wetland flat (that which is left by receding waterline in impoundments).  A dummy 

variable was created for use in MARK’s linear modeling process. 

 

Statistical Analysis 

 

 All analysis of nest survival and its covariates was conducted with Program 

MARK (White 1999, hereafter MARK).  There is much recent discussion on the best way 



to analyze nest survival data.  The consensus, for the moment, is that linear modeling 

used  by MARK and logistic-exposure methods are the best for modeling nest survival 

while considering continuous and individual covariates (Lloyd and Tewksbury 2004, 

Shaffer 2004), and that both are superior to standard ad hoc Mayfield estimation of daily 

survival rates (DSR).  Both employ linear modeling techniques based on maximum 

likelihood estimation and an information-theoretic approach to model selection, and they 

produce near identical results when compared (Shaffer 2004).  Program MARK was 

chosen for this analysis because it facilitates the comparison of site-specific nest survival 

data, one of the ultimate goals of this project. 

 

 To estimate DSR in a manner that facilitates comparison with other studies that 

calculate only Mayfield estimates, we ran an intercept-only model in program MARK 

that accounted for nest exposure but included no individual covariates.  This model 

assumes that probability of nest failure is identical and constant for every nest in the 

sample, making it similar to Mayfield’s ad hoc estimator or any of several early 

maximum likelihood estimation methods (Dinsmore et al. 2002).   

 

 To estimate DSR when it is allowed to vary with some of the individual 

covariates listed above, and to evaluate the relationship between those covariates and nest 

survival, we ran linear models with MARK’s nest survival function that included several 

combinations of covariates.   When investigating the relationship between nest survival 

and any of the nest vegetation parameters (density, height, concealment), the models 

were constructed using a subset of 26 of the 41 nests for which an outcome was recorded 



(i.e., not abandoned; Table 1).  Fifteen nests were excluded because they were disturbed 

post-outcome (by mowing and/or herbicide application) such that unbiased vegetation 

measurements were impossible to obtain.  When modeling the relationship between nest 

survival and any of the parameters unaffected by post-outcome disturbance (e.g., distance 

to nearest forested habitat), we used two sets of data; one that included all successful 

nests and those that were lost to predation (n=39; 2 nests failed presumably because of 

inclement weather), and one that included all nests (n=41). 

 

 

Identifying Nest Predators 

 

We deployed two video camera systems on a total of 9 nests to identify directly 

the predators responsible for predative nest failure.  On the recommendation of Pierce 

and Pobrasert (2007), we used small 160-gigabyte personal media player-type digital 

video recorders connected to infrared video cameras to continuously monitor nests at the 

MDAC farms site.  The systems were powered by a 12-volt battery; the protective 

container which housed the battery and recorder was either buried or hidden in tall 

vegetation, typically 25+m from the nest.   

 

The 25mm focal length cameras used 950nm infrared light and so emitted no 

visible light which might have attracted or repelled nocturnal predators (typical infrared 

security cameras use 840nm infrared LED lights which emit an obvious red glow at 

night).  They were deployed 2-10m from nests, mounted on either a small camouflaged 



tripod (hard surfaces) or a 1m length of ¾-inch camouflaged pipe that was pounded into 

the ground. 

 

 

Results 

 

Site History 

 

 Prior to Spring 2007, the 243-ha MDAC farms was cultivated farmland planted in 

both annual and perennial rye grass.  It was uniformly treated with herbicide in that 

spring (at which time it hosted one pair of breeding streaked horned larks) and burned in 

mid-June, 2007 (Fig. 3).  The portion of the field with annual rye became nearly barren 

after burning, while the smaller perennial rye section was transformed into clumps of 

burned grass hummocks interspersed with an equal area of bare ground.  By the end of 

June, 2007, the site hosted 25+ pairs of breeding larks, confirming that strigata will shift 

breeding territories significantly within a breeding season, and that these birds have some 

effective means for tracking the availability of suitable breeding habitat within a breeding 

season.  The majority of these breeding larks colonized the smaller section of burned 

perennial grass (Fig. 4).  In Fall 2007, 8 impoundments were excavated to create semi-

permanent wetlands for the WRP restoration (Fig. 5).  The site remained mostly bare (but 

now with 8 impoundments interspersed throughout) through mid-Spring 2008 and was 

colonized by ~75 pairs of larks (Fig. 6), making MDAC Farms the second largest known 

population of streaked horned larks in existence, after the 75-100+ pairs that breed 



annually at the Corvallis Airport.  The site was sprayed with herbicide again in early 

June, 2008 to combat the remarkable growth of invasive weeds that had replaced the 

mostly bare ground of early spring with quite thickly vegetated habitat.  As the vegetation 

died back in early summer, the proportion of bare ground increased once again, creating 

more suitable lark habitat. 

 

 The wetland impoundments at MDAC remained full through at least mid-June, 

2008.  As rains ceased and clear, dry weather settled in at the end of June, impoundment 

levels started to recede, leaving expanding bare mud areas around areas of shrinking 

shallow water.  These areas were quickly colonized by wetland associated plants [e.g., 

fragrant popcorn flower (Plagiobothrys figuratus) and, especially, western marsh 

cudweed (Gnaphalium palustre, Fig 7).  All of these “new” terrestrial habitats were 

incorporated into existing lark territories as they were created, and many were used as 

nest sites.  Larks foraged commonly on the bare lakeshore as well as in the newly (and 

sparsely) vegetated areas.   

 

Nest Monitoring 

 

 There were active nests at MDAC Farms from at least 18 May until 15 August.  

There were likely active nests prior to this date, but breeding activity seemed to be 

delayed at MDAC (in comparison to other Willamette Valley sites) in 2008, likely due to 

the unusually cool, damp late spring weather encountered that year.  Working backward 

from fledge date, the first active nest in our sample at MDAC began incubation on or 



near 13 May.  The last active nest discovered initiated incubation on 27 July, and 

fledging young on 16 August.  Nest statistics are summarized in Table 1. 

 

 Nest discoveries were temporally patterned (Fig. 8).  The combination of a late 

start for breeding activity and an explosion of invasive annual plants made nest discovery 

very difficult through the first 3 weeks of June.  The largely barren habitat present in 

early May (before breeding activity had begun in earnest) underwent rapid succession in 

late May and early June such that ground visibility was reduced to the point that field 

workers could not observe adult larks without alerting them.  Because finding nests of 

ground-nesting birds under those conditions is quite difficult, we discovered only 13 

nests in the first 35 days of the study.  In late June, larks began to colonize newly exposed 

and sparsely vegetated expanses of lakeshore as water levels in the impoundments began 

to recede.  Simultaneously, the vegetation that had grown in so thickly in many of the 

upland areas began to die back as a result of herbicide application in mid-June, making it 

progressively easier to observe adults from an appropriate distance.  These two factors 

are likely responsible for the doubling in nest discovery during the second 35 days of the 

study (Fig. 8). 

 

Nest Success 

 

 -Constant DSR.     Daily survival rate of nests was 0.968 as calculated by the 

intercept-only model in Program MARK’s nest survival function, resulting in a 0.51 

probability of surviving the 21-day nesting period for all nests.   



 

-Variable DSR.     When DSR was allowed to vary with some of the individual 

covariates listed in the methods section, the most parsimonious model (determined by 

AICc value, Table 2) returned a DSR value of 0.970, resulting in a 0.53 probability of 

surviving the 21-day nesting period.  The addition of habitat type to the intercept-only 

model did not improve model fit, suggesting that habitat type is not an important factor in 

determining nest survival at this site. 

 

-Correlates of Nest Success.     Nest orientation was uniformly to the north, 

providing no variation with which to model its relation to nest survival.  Vegetation 

density around nest, mean vegetation height around nest, and concealment value showed 

a linear relationship to each other upon visual inspection, and so were not included in any 

models together.  Vegetation height around nest and nest plant height were likewise 

related and were not included in any models together. 

 

No model that included any combination of covariates received unequivocally 

greater support than the intercept only model (i.e., the constant DSR model, Table 2).  

The most parsimonious model for modeling vegetation covariates against nest survival 

included mean vegetation density as a covariate, but the distinction between that model 

and the intercept-only model was only moderately significant (F-test, X2 = 2.685, p = 

0.1).   

 

 



Identifying Nest Predators with Video 

 

 Two nest predation events were captured on video.  This modest number is 

attributable to high nest survival rates combined with the fact that cameras were left with 

their target nests until final outcome (fledge, failure, abandonment, etc.).  Both predated 

nests were in wetland flat and both were destroyed by an adult female northern harrier 

(Circus cyaneus).  The first predation event occurred from 1430-1500 on 22 June; the 

nest contained three two-day old nestlings which were taken 1 at a time at 15-minute 

intervals.  The first two nestlings were removed from the nest and carried off-camera; the 

third nestling was swallowed at the nest.  The second predation event occurred at 0720 on 

5 July; the nest contained 3 eggs, all of which were swallowed whole at the nest in one 

visit. 

 

 

Discussion, Preliminary Management Recommendations, and Further Work 

 

Discussion 

 

Of 49 nests discovered at MDAC Farms WRP, 51% were successful and 49% 

failed.  Upon analysis of exposure days using Program MARK, we found that nest 

survival was 53% when we assumed that daily survival rate was constant, and 51% when 

we allowed daily survival rate to vary with vegetation density around the nest.  There was 



no significant relationship between nest survival and any of the other variables we 

measured. 

 

 Nest survival at MDAC was high in comparison to STHL nest survival rates 

measured in western Washington.  In 3 breeding seasons (2002-2004), Pearson and 

Hopey (2005) calculated Mayfield nest survival estimates (assuming constant daily 

survival) between 21-33% in the Puget Lowlands and Lower Columbia River Basin, 

respectively.  Preliminary analysis suggests that 2008 nest survival rates at other southern 

Willamette Valley sites (Corvallis Airport, Finley National Wildlife Refuge, etc.) were 

also significantly lower than that at MDAC.  Nest survival rates of other horned lark 

subspecies vary greatly, with no systematic pattern shown in published reports (Beason 

1995). 

 

 MDAC’s relatively high rate of nest survival may be a result of the site’s recent 

history and its landscape setting.  Less than one year prior to breeding season 2008, 

MDAC was an active agricultural field with well established and healthy annual and 

perennial rye grass crops.  It is surrounded on all sides by large fields that are managed 

similarly.  After these monoculture grass crops were removed at MDAC with mixed 

success, the site (leading up to May 2008) was mostly cracked bare ground with very 

sparse senescent annual vegetation, or dense, tufted perennial grass clumps.  Informal 

observation during 2008 field work suggested that the predator community was slow to 

develop through breeding season 2008 (Moore, unpub. data), possibly as a result of the 

site’s recent management history.  It is possible, therefore, that low predator abundance 



resulted in high STHL nest success at MDAC in 2008.  In contrast, all of the sites at 

which nest survival rates have been measured in Washington and in the Columbia River 

Basin likely have established predator communities, as all of these sites have either long-

established plant communities and/or are set in a landscape (i.e.; non-agricultural) from 

which nest predators can colonize quite quickly after disturbance.   

 

 It is also possible that MDAC’s relatively high rate of nest survival was due to 

generally greater availability and utilization of nest cover at the site.  That there was only 

an ambiguously positive effect on nest survival of vegetation density around the nest may 

be a result of generally high levels of vegetation density and/or cover available at the site; 

in other words, there may not have been much variation in nest survival in relation to 

available vegetation cover because there was not much variation in levels of available 

cover (which were relatively high).  At other Willamette Valley sites, variation in 

vegetation density and height around nests was much greater than at MDAC, and 

comparative analyses of data from these sites and those from MDAC may be more 

instructive in delineating the relationship between vegetative cover around the nest and 

probability of predation. 

 

 One of the most important observations of the work at MDAC is that larks will 

incorporate newly exposed wetland flat habitats (that were completely inundated when 

breeding began) and use them successfully as breeding habitat in the latter half of the 

season.  They are also used as foraging habitat in May before there is sufficient flat 

exposed to be used as breeding habitat.  There was no effect of habitat type (upland vs. 



wetland flat) on breeding success in 2008, indicating that wetland flats provide effective 

breeding habitat late in the season when some previously suitable upland habitat has 

become too densely vegetated.  Because larks can renest 4-5 times per season and can 

produce at least 2 successful broods per season (Moore, unpub. data), the creation of 

appropriately structured habitat late in the breeding season may be critical to the long-

term survival of  MDAC’s lark population.  As upland areas undergo succession after 

restoration, wetland flats may take on added significance as they may ultimately be the 

only available habitat at the site if there is not annual or semi-annual disturbance of 

upland areas.  As of this writing (Spring 2009), many upland areas that were used 

extensively for breeding in 2008 are no longer occupied because restoration management 

activities have resulted in vegetation that is unsuitably dense. 

 

Management Recommendations- Upland Areas 

 

 It is premature to make reliable management recommendations for most of the 

upland areas (all areas that are not seasonally inundated) that were used by larks so 

extensively in 2008, because that very attractive lark habitat was the result of restoration 

site preparation activities.  As mentioned above, some upland areas at MDAC have 

become unsuitable as of Spring 2009, although many others are still quite heavily 

occupied.  All upland areas were drilled with native grasses and forbs in Fall 2008, and 

until the details of plant community succession are available, we do not know to what 

extent larks will use these areas in the future.  However, if the results of nearby prairie 

restoration projects are applicable to MDAC, it is likely that much, if not all of the upland 



areas between impoundment scrapes will become unsuitable within 2-3 growing seasons.  

If such is the case, WRP managers may wish to explore the application of a late-season 

disturbance regime (e.g., prescribed burning) to recreate early-season lark breeding 

habitat in the following year.  More information on this option will be available as other 

area restoration projects experiment with these techniques; the Field 31 prairie restoration 

at Finley National Wildlife Refuge, which hosted larks in its first two post-restoration 

growing seasons but not the third, is scheduled to burn in Fall 2009 with subsequent 

monitoring. 

 

Management Recommendations- Wetland Flats 

 

 MDAC’s wetland flats may need little in the way of management to provide 

permanent lark habitat.  These areas receive annual disturbance in the form of flooding 

winter rains that to date have precluded heavy growth of annual and perennial upland 

plants.  Wetland flats can, however, become unsuitable with the establishment of dense 

wetland plants such as cattail (Typha angustifolia), any of several species of rush (Carex 

spp.), reed canarygrass (Phalaris arundinacea), etc.  Wetland associated trees, especially 

those like willows (Salix spp.) that grow in dense clusters, can render wetland flats 

unsuitable for larks as well.  As of Spring 2009, willow encroachment is already 

occurring on the deeper western sides of the impoundments. 

 

 Succession of wetland plants on wetland flats should be monitored annually at 

MDAC.  Dense stands of tall or mat-forming species should be discouraged, as should 



the establishment of any wetland trees and emergent species that can survive periodic 

drying, especially on the shallower eastern slopes of the impoundments.  Currently, the 

eastern slopes dry earlier than the deeper western slopes and are characterized by variably 

dense growth of  fragrant popcorn flower (Plagiobothrys figuratus), western marsh 

cudweed (Gnaphalium palustre), and various bunched grasses, among other less common 

plants (Fig. 7).  This habitat is heavily used by larks for breeding and foraging as it 

becomes available, and it should be encouraged at the expense of the wetland plants 

mentioned above if maintaining lark habitat is the goal of management. 

 

Further Work 

 

• STHL abundance, distribution, and nest survival at MDAC should be monitored 

annually for as long as possible to assess the effects of plant community succession 

and predator community development on STHL reproductive output.  It will be 

important to determine if the population size and high values of nest survival 

recorded in 2008 are the ephemeral result of site history or if both remain high post-

restoration. 

• Wetland flat plant communities should be monitored annually at MDAC to assess 

persistence in the suitability of post-inundation lark habitat. 

 



 

 

 

Conclusion 

 

 Within the space of 2 years, MDAC Farms WRP has become one of the most 

important breeding sites for streaked horned larks globally.  Not only has it been 

colonized by the second largest known STHL population in existence, but that population 

has experienced  high levels of reproductive success in its first breeding season.  Perhaps 

equally as important, MDAC has provided a unique opportunity to understand STHL 

ecology in a habitat that is likely one of the best available representations of historically 

“natural” STHL habitats in its Oregon range.  Monitoring the STHL population at MDAC 

will provide information central to future habitat restoration and land acquisition projects 

designed to bolster populations of this candidate species. 
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Figure 1- Proposed geographic scope of the STHL reproductive success project.  Yellow polygons represent properties that were 
identified as suitable STHL habitat.  Permission could not be secured to work on the 3 northernmost private properties.  
Permission was secured to work at MDAC Farms WRP, the southernmost property and the second largest population of STHL 
in existence.



 

 
 
Figure 2-  An example of a habitat break between vegetated berm, wetland flat, and open 

water.



 
 
Figure 3- The annual rye grass portion of MDAC Farms WRP that was uniformly treated with herbicide and burned in mid-June, 

2007.  Prior to this, MDAC hosted one pair of breeding streaked horned larks.  The population increased to ~30 pairs within 2 
weeks after burning.



 

 
 

Figure 4-  The perennial rye portion of MDAC 
Farms WRP (the southeast ~1/5 of the site) that was 
uniformly treated with herbicide and burned in mid-
June, 2007.  Crop grass has not been effectively 
killed in this section of the field, which, despite 
having smaller area than the portion of the field 
depicted in Figure 3, hosted the majority of the 30 
pairs of STHL that colonized shortly after burning.

 

 
 
 



 
 

Figure 5-  MDAC FArms WRP showing the 8 newly created impoundments, Spring 2008.  The western edges of these impoundments 
are berms created by scraping and pushing topsoil from the now water filled areas.  As a result, the eastern edges of the 
impoundments are generally shallower and dry earlier in the summer than the deeper western edges. 

North 



 
 
 
Figure 6-  Territorial male STHL (black circles) at MDAC Farms WRP, breeding season 2008.  FWM denotes fresh water marsh 

(referred to as an impoundment in this document).Interior yellow lines denote diferent NRCS planting zones and the 
boundaries of impoundments; exterior yellow lines denote the WRP boundary.

FWM 



 
 

Figure 7-  Late-season wetland flat created by receding impoundment waters at MDAC Farms WRP, 12 July, 2008.  This habitat is 
characterized by variably dense growth of  fragrant popcorn flower (Plagiobothrys figuratus), western marsh cudweed 
(Gnaphalium palustre), and various bunched grasses and sedges.  As it becomes increasingly available in June and July, 
wetland flat is used extensively by STHL for breeding and foraging.
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Figure 8-  Number of STHL nest discoveries by date, breeding season 2008, MDAC Farms WRP.



 
Territorial 
Males at 
MDAC 

Discovered 
Nests 

Successful / Failed 
Nests1 

Nests Lost to 
Abandonment 2 

Nests Lost 
to 

Predation 

Nests Lost to 
Other3 

 

       
75+ 49 25 (51) / 24 (49) 8 (16.3) 14 (28.6) 2 (4.1)  

 

1  Successful nests fledged at least 1 young; failed nests fledged no young. 
2  Includes those that were apparently never used (2), and those with eggs left unattended.  These nests are included in the preceding column’s  
“failed” category. 
3  Includes 2 nests that may have been abandoned; chicks were found dead outside nest after leaving prematurely. 
 

 
 
Table 1-  STHL nest monitoring summary for MDAC Farms WRP, breeding season 2008.  Parenthetical values are percentage of total 

nests.



Model AICc Delta AICc Daily Nest Survival 
Rate Estimate 

Probability of Nest 
Survival  

     
B0 + B1 vegetation density 64.9331 0.0000 0.970 0.53 
B0 constant daily survival rate (intercept only) 65.5887 0.6556 0.968 0.51 
B0 + B1 habitat type 66.3188 1.3857 - - 
B0 + B1 date 67.1033 2.1702 - - 
B0 + B1 vegetation height 67.1961 2.2630 - - 
B0 + B1 poorly concealed +B2 well concealed 67.5985 2.6654 - - 
B0 + B1 nearest trees 67.6573 2.7242 - - 

 
 
Table 2-  Results of analysis from Program MARK’s nest survival function in which individual covariates are modelled against nest 

outcome.  The most parsimonious model indicated a relationship between increasing vegetation density and nest survival, but 
provided only a moderately better fit to the data than the intercept only model (see text for explanation). 
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