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Introduction 
 

In planning management of recovery efforts for sensitive species, it is essential to 

understand the biogeography of the focal organism and the nature of structurally 

appropriate habitat with adequate food resources to sustain it- in essence, understanding 

the ‘where’ and ‘how’ of habitat restoration efforts.  In Oregon, winter biogeography of 

streaked horned larks (Eremophila alpestris strigata, hereafter strigata) is now 

understood well enough for accurate geographic focus of habitat restoration efforts 

(Robinson & Moore 2004; Moore 2007).  Previous field work has also resulted in a basic 

understanding of the structur of the habitat that strigata occupies in its winter range.  

There is, however, an almost complete lack of knowledge of its winter diet.  We 

undertook a project designed to promote understanding of strigata’s winter diet across its 

winter range south of Washington state.  We identified food plant species at different 

wintering sites and determined the prevalence of insect prey in the winter diet of this 

critically sensitive species. 

 

Methods 

 

We located flocks of strigata in its winter range using methods developed during 

previous winter surveys (Robinson and Moore 2004).  We sampled all accessible habitat 

parcels in which we found wintering larks.  Upon locating a flock, we made behavioral 

observations until the flock left the area.  We then collected plant species on which larks 

were seen feeding directly and placed markers to delineate the foraging area so that a 

linear transect could be established from one end to the other, down the center.  Samples 
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(fecal and soil samples, see below) were obtained only from areas in which larks were 

observed actively feeding.  Samples were obtained every three meters along the transect 

line; sampling points were chosen randomly from either side of the transect line 

(including the line itself) using half-meter increments. 

 

We collected 10 cm2 surface soil scrapes from sampling points.  Samples were 

taken randomly along (and to either side of) a linear transect through areas in which larks 

were observed feeding.  Seeds from these samples were separated from soil by immersing 

the sample in water and mesh-skimming organic matter that remained on the surface.  

Surface contents were identified to species where possible and cross-referenced with 

fecal samples to aid in identification of food plants. 

 

Because they provide much more direct information than soil scrapes, we intended 

to analyze fecal or esophogeal lavage samples if were able to capture a sufficiently large 

number of individual larks.  We ultimately chose fecal samples because they turned out 

to be quite easy to collect without resorting to capture (and the potentially harmful 

manipulation required of lavage or emetic techniques for acquiring diet samples).  

Samples were collected directly from the foraging substrate after a flock moved through 

or left an area, then dried for storage.  Prior to analysis, individual samples were 

reconstituted with distilled water, spread thinly over a polyester screen, and redried.  

Individual samples were then scraped off the screen onto a white background collecting 

dish and viewed under an 8-40X stereomicroscope.  We estimated the proportion of the 

sample that was identifiable, and catalogued the relative proportions of each identifiable 



 7 

element in the sample (e.g., 70% of the sample was identifiable, and of this 70%, 20% 

was grass seed lemmae and 80% was pigweed seed testae). 

 

Seeds were identified to the most specific taxon possible.  A variety of references 

were used to identify seed species, but all samples were ultimately submitted to experts in 

the Oregon State University Seed Laboratory and the Department of Botany and Plant 

Pathology for verification. 

 

We intended to collect an extensive sample of the remains of available food plants 

in each sampled habitat for the formation of a reference library, but the state of senescent 

vegetation was such that this was not useful.  Botanists in Oregon State University’s 

Department of Crop and Soil Science were unable to identify the remains of 5 of the 7 

food plants brought in during consultation; this aspect of the project was thus 

discontinued. 

 

Results 

 

Location of sampled sites 

 

We located 6 flocks in Multnomah, Benton, Linn, and Polk Counties (Fig 16).  The 

two Linn Co. flocks were on private agricultural land to which we were not granted 

access.  Habitat structure and number of larks at sampled sites is outlined in Table 1. 
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Observations of direct feeding 
 

Larks were observed feeding directly on food plants only once; two individuals in one 

flock fed from a senescent large crabgrass (Digitaria sanguinalis) plant.  Even that event 

was short-lived, amounting to a series of three 3-second bouts of picking at the plants, 

followed by a return to feeding on the ground with the rest of the flock. 

 

Analysis of fecal samples 

 

A summary of fecal sample analysis is presented in Table 2.  We identified seven 

species of food plants from fecal samples, all invasive weed species (with the possible 

exception of C. album whose provenance is apparently a matter for debate amongst 

botanists).  Food plants were identified either by the presence of indigestible seed 

coverings (testae, and/or lemmae/paleae) or by the presence of whole undigested seeds.  

The latter was much rarer than the former, but 5 of 7 species of food plant seeds were 

collected whole from at least one sample (Figs. 1-).  Individual samples were remarkably 

consistent in their composition; percent of identifiable matter composed of the remains of 

a single food plant species ranged from 78-98% for the 4 sites (Table 2).   

 

Analysis of soil samples 
 

A summary of soil sample analysis is presented in Table 3.  Intact seeds were 

generally very sparsely distributed in individual samples with a mean of 3.71 
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seeds/sample (3.78 sd, range 0-21 seeds).  There were no arthropods in any samples with 

the exception of bits of exoskeletal remains in 2 Rivergate samples. 

 

Correlation of soil and fecal samples 

 

Dominant intact seeds in soil samples were always the dominant remains in fecal 

samples.  The only intact seed found commonly in soil samples but in no fecal samples 

was Kickxia at the Baskett Slough site.  The senescent remains of this forb were abundant 

at the sampling site, but there was no other evidence that its seeds were consumed by 

strigata, even though they were in the same size range as other food seeds. 

 

 

Discussion/Summary 

 

At these 4 Willamette Valley sites, confirmed food plants in fecal/soil samples 

included 4 species of introduced grasses and two species of (likely) introduced forbs.  

Strigata tends to concentrate heavily on a single species of seed when feeding in the 

winter, and without exception, these species are heavily associated with either 

agricultural or industrial disturbance.  The majority, if not all, of these species are 

introduced, and some are considered invasive noxious weeds.  Concentration on a very 

few sources of food may represent an optimal foraging strategy or it may result from the 

general lack of diversity in disturbed agricultural and industrial habitats.  It is suggestive 

of the latter that the Rivergate flock, which occupied the most botanically diverse habitat, 
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showed evidence of heavy foraging on the seeds of at least 2 species, while all other 

populations appear to forage almost exclusively on a single species at the other species 

poor sites.  It is also true that horned larks as a species consume a relatively wide variety 

of food plants (Beason 1995). 

 

There is no basis for identifying particularly attractive food plants from the array, 

because larks fed almost exclusively on a single species at every sampling site.  It is thus 

unclear whether larks select a landscape and feed on whatever is available in the best 

habitat within that landscape, or whether they somehow track preferred food resources in 

an occupiable landscape.  In other words, it is unclear whether their food requirements 

are plastic enough that they find food wherever they choose to live, or whether they 

choose to live where they find food. 

 

The degree to which the findings of this study represent a complete picture of 

strigata’s winter diet depends upon which of these foraging strategies they employ.  If the 

former, it is entirely unknown what proportion of strigata’s total food plant spectrum is 

represented here because food plant residues (in fecal samples) from alternate feeding 

sites may have gone undetected.  It should be noted, however, that the majority of 

wintering flocks included in this study were always present at the sampling sites when 

field personnel were present.  Undiscovered flocks certainly utilize different wintering 

sites from those covered in this work, however, and these sites may yield entirely 

different sets of food plant species.  There is also anecdotal evidence from previous field 

work that strigata may feed in agricultural fields infested with over-wintering invertebrate 



 11 

larvae (likely of Tipulidae), but this should be considered speculative.  If larks employ 

the latter strategy (tracking food resources), then that is more strongly suggestive that the 

food plants presented here form a significant proportion of strigata’s winter diet. 

 

The only extensive study of the diet of horned larks in the northwestern U.S. 

(dusky horned lark, Eremophila alpestris merrilli) shows general agreement with the 

patterns presented here (Rotenberry 1980).   Horned larks in that study foraged mainly on 

seeds of grasses and forbs during winter months, and they concentrated heavily on a few 

species temporally, apparently in response to seasonal availability.  Not surprisingly, the 

species composition of merrilli’s winter diet was completely different that that reported 

here, although the taxonomic affinities were similar to family (largely Poaceae and 

Amaranthaceae).  This and the remarkably wide geographic range of horned larks as a 

species suggest that strigata is likely capable of utilizing a very wide variety of food 

plants as long as their seeds are in the correct size range, offering hope that native 

alternatives to the introduced species detailed here can be used in prairie restoration 

efforts that include management for streaked horned larks.
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Table 1- Location and habitat attributes of sampled sites, Winter 2006-2007. 
 
 

Sampling Site Location Site Type Dominant Vegetation Percent 
Unvegetated 

ground1 

Number 
of Larks 

      
Corvallis Airport 44o 29” 08’ N 

123o 17” 08’ W 
agricultural, 

airport runway 
margins 

perennial rye, large 
crabgrass (senescent) 

61 12 - 35 

Finley NWR Field 31 44o 24” 35’ N 
123o 18” 08’ W 

agricultural Common 
lambsquarters, 

witchgrass (both 
senescent) 

83 15 

Baskett Slough NWR 
Field 12Z 

44o 57” 26’ N 
123o 14” 49’ W 

agricultural multiple forbs 
(senescent), perennial 

rye 

38 60 - 150 

PDX Rivergate 45o 37” 59’ N 
122o 46” 03’ W 

dredge material 
deposition site 

diverse forbs and 
grasses (both 

senescent and live) 

65 35 

      
 

1  Includes dead vegetation and moss flush with soil surface.  Proportion of completely bare ground is significantly lower for all habitats.
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Table 2-  Summary of fecal sample analysis from 4 streaked horned lark wintering sites in the Willamette Valley, Oregon, 2006-2007.  
As in geographically adjacent subspecies of horned lark, winter diet is dominated by grass seeds of several genera, and forb seeds 
of plants in the family Amaranthaceae. 

 
 
 

Sampling Site Proportion 
identifiable1 (n) 

Proportion  
grass seed 

lemmae/testae 

Proportion 
Amaranthaceae testae 

Proportion arthropod 
remains 

Proportion 
substrate2 

      
Corvallis Airport  0.71 (40) 0.98 0.02 0.00 0.00 
Finley NWR Field 31 0.81 (22) 0.15 0.85 0.00 0.00 
Baskett Slough NWR 
Field 12Z 0.73 (28) 0.22 0.78 0.00 0.00 
PDX Rivergate 0.43 (25) 0.90 0.00 0.075 0.025 
      

 

1  The mean proportion of individual fecal samples that was identifiable.  All columns to the right are proportions of this identifiable portion. 
2  Proportion of the identifiable portion of the sample that consisted of particles of feeding substrate (e.g., grains of sand or gravel). 
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Figure 1- Kickxia seed from a Baskett Slough soil sample.  This was the only species 
represented in soil samples (by intact seeds) for which there was no evidence of 
consumption by horned larks.  Smallest gradations are 1mm. 

 
 

 
 

Figure 2-  Amaranthus retroflexus seed (left, from fecal sample), and seed with covering 
intact (right).   This species was the major food source for strigata at Baskett Slough 
NWR.  Smallest gradations are 1mm. 
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Figure 3-  Lark habitat at Field 12Z at Baskett Slough NWR in which an almost 
continuously growing flock of larks (high count of 150 birds) spent the winter.  
Species and vegetation height diversity were high in this field in comparison to other 
agricultural sites. 

 

 
 
Figure 4-  Field 12Z close-up.  The long straw colored strands are Kickxia sp., which 

was abundant in this field, but which strigata apparently does not eat.  The dark 
green vegetation is perennial rye crop grass. 
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Figure 5-  Panicum capillare seed (left, from fecal sample) and seed with lemma and 
palea intact (right).  This species can be a major mid- to late-winter food source for 
strigata in any setting; it is an abundant weed.  Smallest gradations are 1mm. 

 
 
 

 
 
Figure 6-  Sporobulum sp. seed (left, from fecal sample), and seed with lemma and palea 

intact (right).   This species is the major late-fall, early-winter food source for 
strigata.  Smallest gradations are 1mm. 
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Figure 7-  Seed of D. sanguinalis (left), and seed with lemma and palea intact (right).  

This species was the major mid- to late-winter food source for strigata at the 
Corvallis Airport.  Smallest gradations are 1mm. 

 
 
Figure 8-  Lark habitat at north end of the main runway, Corvallis Airport.  This area is 

sprayed with broad-spectrum herbicide annually during the main growing season, 
resulting in mostly bare ground with a few late season forbs (green spots in the 
photo).  Larks fed mostly upon D. sanguinalis in this field, all of which was very 
low in stature here, but apparently still able to produce some seed.   
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Figure 9-  Lark habitat on gravelled runway margins, Corvallis Airport, showing a 

typically patchy stand of D. sanguinalis upon which wintering larks fed almost 
exclusively during mid- to late-winter at this site.  Strigata also breeds densely in the 
habitats illustrated in figures 8 and 9. 

 

 
 

Figure 10-  Grass seed of unknown species from dredge material deposition site at the 
Rivergate section of the Port of Portland; bare seed on the right, seed with lemma 
and palea intact on the left.  Smallest gradations are 1mm. 
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Figure 11- Trifolium arvense seeds with coverings intact (right, from fecal samples), and 

bare (left).   This species and the one shown above were the major food sources for 
strigata at dredge material deposition site at the Rivergate section of the Port of 
Portland.  Smallest gradations are 1mm. 

 

 
 

Figure 12-  Lark habitat in typical patch of dredge material deposition at the Rivergate 
section of the Port of Portland.  In winter, the site appears to be bare, large-grained 
sand with sparse upright senescent stalks of unidentifiable vegetation and 
interspersed patches of moss and very small forbs.  Larks fed mainly on the 2 
species shown in figures 10 and 11 at this site.  The camera case is ~12cm long, for 
reference. 
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Figure 13-  Close-up of habitat shown in Figure 12. 
 
 

 
 
Figure 14-  Seed of Chenopodium album.  This species was the major food source for the 

small flock of strigata at Finley NWR.  Smallest gradations are 1mm. 
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Figure 15-  Lark habitat in Field 31, Finley NWR.  This ex-agricultural field was in the 

first stages of restoration when the small wintering flock of strigata inhabited it.  It 
had been treated with broad spectrum herbicide repeatedly for 2 growing seasons so 
that it contained only senescent C. album (the large blonde stalks) and P. capillare 
by early winter.  Larks fed on both of these species here, but mainly C. album.
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Figure 16-  Sampling sites and diet characteristics of streaked horned larks at those sites as determined from fecal sample 
analysis, Winter 2007.  Black arrow denotes Finley NWR’s actual position (icon is offset).  Black X’s denote locations of 
inaccessible flocks. 
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