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Project Highlights 
 
Population Size 

¶ Estimated Streaked Horned Lark breeding population on JBLM as 45-50 pairs 
Abundance Surveys at Occupied Sites 

¶ Continued monitoring effort using standardized lark monitoring scheme 

¶ Surveyed 13th Division Prairie, Gray Army Airfield, McChord Airfield, and Range 76 three 
times during the breeding season 

Area Search Surveys at sites with unknown occupation status 

¶ Surveyed TA6 and R50 for lark occupation 

¶ Documented new breeding site at R50 

¶ No larks were detected at TA6 
Nest Monitoring at 13th Division Prairie, McChord Airfield and Gray Army Airfield 

¶ Completed 16 weeks of nest monitoring surveys of 28-30 pairs  

¶ Located 73 nests and color-banded 104 nestlings 

¶ Calculated overall nest success in 2014 to be 71%, an increase from 38%, 34%, and 37% 
in 2011, 2012, and 2013, respectively 

¶ Calculated overall hatch rates as 87%  

¶ The increase in reproductive success in 2014, relative to 2013, may be partially 
explained by the reduction in direct impacts to lark nests as a result of avoidance by 
mowing activities at the airfields and altered paratroop training at 13th Division Prairie 

Juvenile Survivorship 

¶ Determined the greatest effect on fledgling survival was άtime since fledgingέ with the 
first 2-week period the most vulnerable  

¶ Calculated 32% survival probability for the 10 week post-fledging period 

¶ Calculated the mean distance of 1-14 day-old post-fledging larks from their natal nests 
to be 118.6 m (± 9.3 SE) (median = 79 m) 

¶ Positively correlated distance from nest sites with fledgling age 
Habitat Enhancement 

¶ Mowed over 100 acres of Scotch broom and blackberry, and felled trees to enhance 
foraging and nesting habitat for the lark 

¶ Seeded native bunchgrass (Festuca roemerii) and native forbs on 10 acres 

¶ Conducted prescribed fire on 64 acres 
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1.0  Introduction 
The Streaked Horned Lark (Eremophila alpestris strigata) is a genetically distinct 

subspecies (one of 24 subspecies) of the Horned Lark that historically ranged from the Rogue 
and Willamette Valleys of Oregon, north to the Georgia Basin of British Columbia and coastal 
beaches in Washington (Drovetski et al. 2005, Stinson 2005).  The current distribution of 
breeding larks has been reduced to the Willamette Valley, dredged material islands of the 
Columbia River, coastal beaches of Washington, and South Puget Sound grasslands.  In October 
2013, the United States Fish and Wildlife Service listed the Streaked Horned Lark as threatened 
under the Federal Endangered Species Act (50 CFR part 17). 

The majority of Streaked Horned Larks remaining in south Puget Sound occur at Joint 
Base Lewis-McChord (JBLM), making the tracking and enhancement of this important 
population and the improvement of habitat at occupied and unoccupied sites critical to its 
persistence in the region. Modeling has indicated larks may be declining by up to 40% per year 
and that actions to increase all three vital rates (fecundity, adult and juvenile survival) are 
necessary to stabilize the population (Camfield et al. 2011).  In 2014, we implemented several 
actions to support the Streaked Horned Lark population including occupied site monitoring 
(abundance and nest monitoring), communication with site managers, population 
enhancement (genetic rescue), habitat management, and research to understand juvenile 
survivorship. 

1.1  Goals and Objectives 
The goal of our work is to conduct conservation actions on JBLM aimed at stabilizing or 

reversing the observed decline in Streaked Horned Lark populations. We conducted work at five 
occupied sites on Joint Base Lewis-McChord in the Puget Lowlands of Washington State (Fig. 1). 
The objectives of our work were five-fold: 

1) Collect information on population status at five sites (13th Division Prairie, Gray Army 
Airfield, McChord Airfield, Range 76 and Range 50); 

2) Contribute data to assist Washington Department of Fish and Wildlife in estimating 
abundance and trends through time at four occupied sites (13th Division Prairie, Gray 
Army Airfield, McChord Airfield, Range 76); 

3) Continue to implement and monitor results of the genetic rescue study; 
4) Continue research to understand survivorship at multiple life stages; and 
5) Implement habitat enhancement activities to improve lark foraging and nesting 

habitat. 
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Figure 1.  Streaked Horned Lark study sites on, and in the vicinity of, JBLM, WA in 2014. 
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2.0  Abundance and Distribution 
Understanding the abundance and spatial distribution of Streaked Horned Lark at JBLM 

is essential to direct habitat management and balance multiple uses (e.g., military training, lark 
breeding).  Streaked Horned Larks have been the target of a consistent monitoring effort on 
occupied sites at JBLM using a standardized monitoring scheme developed by Washington 
Department of Fish and Wildlife (WDFW) and implemented across all known occupied sites in 
Washington.  In addition, prior to 2011 many sites at JBLM (e.g., McChord Airfield) have been 
the targets of long-term population monitoring.  In 2014, we continued abundance monitoring 
of JBLM occupied sites (i.e., 13th Division Prairie, Gray Army Airfield, McChord Airfield, Range 
74/76) and surveys of unoccupied, yet potentially suitable sites (e.g., TA6, Range 50) to increase 
the confidence of occupation status (Fig. 1). 

2.1  Methods 
We performed two types of surveys with different objectives: 

2.1.1  Abundance Transects 
²Ŝ ŦƻƭƭƻǿŜŘ ²5C²Ωǎ ŘǊŀŦǘ ǇǊƻǘƻŎƻƭ ŦƻǊ ŀǎǎŜǎǎƛƴƎ ŀōǳƴŘŀƴŎŜ ŀƴŘ ǘǊŜƴŘǎ ŀǘ four known 

sites at JBLM (Linders, pers. comm.): 

¶ 13th Division Prairie ς 13,460 m total transect length 

¶ Gray Army Airfield ς 6,215 m total transect length 

¶ McChord Airfield ς 9,000 m total transect length 

¶ Range 76 ς 5,400 m total transect length 
Surveys were commenced no sooner than one half hour after sunrise and were 

completed by noon on days when wind was less than 20 mph with little to no precipitation 
(light drizzle and brief showers were acceptable).  Observers walked at a pace of 1-2 miles per 
hour, and surveys ended by 11:00 a.m. or earlier on days when the predicted maximum 
temperature was 80° F or higher.  In 2013, sampling was conducted 3 times during the lark 
breeding season - once in May, June and July along predetermined line transects spaced 150 m 
apart and placed to cover the majority of potentially suitable habitat at each site.  In 2014, 
following guidance from WDFW, the sampling protocol was modified so that all three surveys at 
each site were conducted within a 2-week period between May and mid-June.  Observers 
mapped and tabulated all larks seen or heard and recorded initial indicators of detection (flight 
vs. ground; vocal vs. silent), sex and age if known, secondary behaviors, environmental 
variables, and predator/competitor tallies.   

2.1.2  Area Searches of Sites with Unknown Occupation Status 
In 2014, we surveyed suitable lark habitat three times in Training Area 6 (30 May, 10 

June, and 23 July) and three times at Range 50 (6 May, 27 May, and 16 June).  During each visit, 
surveyors, spaced approximately 75 - 100 m apart, spent approximately 2 hours (generally 
between 8am and 11am) walking through all suitable habitat (where allowed in Range 50).  
These surveys were designed to assess whether the areas were occupied by larks. 
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2.2  Results and Discussion 

2.2.1  Abundance Transects 
In 2014, we recorded 145 lark detections at the four sites during the 12 surveys.  Many 

of these detections were assumed to be repeat detections of the same bird at a given site 
(Table 1, Figs. 2ς5, Appendix 1). Gray Army Airfield had a high count during any one survey of 
19 larks (16 males); the other three sites had high counts of 11-14 larks (Appendix 1).  The 
mean number of larks detected at each site ranged from a low of 8 (Range 76) to a high of 18 
(Gray Army Airfield). 

We detected male larks more frequently than females because male larks are more 
detectable because they sing frequently and display while defending territories.  In contrast, 
female larks are more cryptic, because they are less vocal and often attending nests (e.g., 
incubating, brooding). Researchers have often used the high counts of male larks detected 
during any one survey as an estimate of the number of breeding pairs (e.g., Pearson et al. 2005, 
Anderson 2011).  Because we were simultaneously monitoring nesting pairs and conducting 
abundance transects we documented that this method appears to be a decent estimate of the 
total number of breeding pairs at the three sites (Table 1). The abundance data indicated a total 
of 37 pairs occupying the three sites (13th Division, Gray Army Airfield and McChord Airfield), 
which was larger than the presumed breeding population (Table 1). The maximum counts of 
males provided a close estimate of the number of pairs at McChord Airfield and 13th Division 
Prairie, although slightly overestimated the number of pairs, by 3-6, at Gray Army Airfield.   

The similarity in abundance between surveys and territory mapping at JBLM is a bit 
surprising considering recent data from Columbia River deposition islands that showed lark 
detectability on transect surveys was low (Anderson and Slater 2015).  On deposition islands, 
detectability of males was < 0.60, which, if also true on JBLM, would indicate we should be 
counting a little over half of the males on the site.  However, it remains unclear whether 
detectability is similar between habitats.  More research to examine detectability in prairie and 
airfield habitat on JBLM will help us improve our estimates of abundance.  For now though it 
appears the current abundance surveys provide a relatively accurate picture of lark abundance.   
 
Table 1.  Maximum number of Streaked Horned Lark males and females counted on 
abundance transects surveys at three sites on JBLM, WA 2014 

Site Max #Males
+
 Max# Females

+
 Nest Monitoring* 

13
th
 Division Prairie 12 3 10 (+ 2 unpaired males) 

Gray Army Airfield 16 2 10-13 

McChord Airfield 9 4 8-9 

Range 76 8 0 NA 

Total 45 9 36--40 
+
 maximum number on a single survey; *determined by nest monitoring activities, or maximum number of males at R76  

2.2.2  Area Searches 
In suitable habitat at Range 50, we detected 17 larks on 6 May, and at least 3 pairs were 

detected on 27 May; no larks were found on 16 June (Fig. 6). The 17 birds detected on 6 May 
occurred in two flocks of 7 and 10 birds (sexes unknown) and included at least three pairs. The 
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paired larks were detected in native prairie (amongst impact craters) with a high cover of 
bunchgrasses. No larks were detected at Training Area 6 (Fig. 7).   

 

 

Figure 2.  Streaked Horned Lark detection locations from abundance transects and nest 
locations, 13th Division Prairie, JBLM, WA in 2014 
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Figure 3.  Streaked Horned Lark detection locations from abundance transects and nest 
locations, Gray Army Airfield, JBLM, WA in 2014 
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Figure 4.  Streaked Horned Lark detection locations from abundance transects and nest 
locations, McChord Airfield, JBLM, WA in 2014 
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Figure 5.  Streaked Horned Lark detection locations from abundance transects, Range 76, 
JBLM, WA in 2014 
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Figure 6.  Streaked Horned Lark search area (yellow outlined), general distribution (cross-
hatch) and actual detection locations, Range 50, JBLM, WA in 2014 
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Figure 7. Streaked Horned Lark search area (yellow outlined), Training Area 6, JBLM, WA in 
2014 
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3.0  Nest Monitoring 
Monitoring Streaked Horned Lark breeding activity and their nests is the most accurate 

method to assess reproductive success and to direct management at occupied sites to preclude 
negative impact to breeding larks. We monitored lark nesting at three sites: 13th Division 
Prairie, McChord Airfield, and Gray Army Airfield. The goals of the nest monitoring activities 
included: 1) identifying locations of lark territories and nests to inform management, 2) 
collecting information on breeding status, nesting success, and productivity. 

3.1  Methods 

3.1.1  Territories and Nests 
We identified and mapped territories and use areas during transect surveys (see section 

5.1.1) to guide and focus our nest-monitoring efforts. When adults were encountered, 
notations of behavior and conspecific interactions were recorded. Territories were demarked 
by mapping locations of adult male and female larks on 1 inch = 250 m scale aerial 
photographs. When more than one lark was encountered, surveyors selected viewing locations 
where conspecifics could be observed simultaneously. We assumed that if two males were 
countersinging from two different areas within 50 m of each other there was territorial 
boundary between the two birds (Bibby et al. 1992). Boundaries between neighboring pairs 
were delineated when agonistic displays between males were observed. Field maps were 
generated for each site that contained registrations of activities and behaviors. Non-
overlapping rings were drawn around registration clusters. 

Nest locating and monitoring methods were adapted from Martin and Geupel (1993).  
We focused behavioral observations primarily on females because male larks neither assist with 
nest building nor incubation.  Female larks were located and then followed with spotting scope 
or binoculars for signs of nest building or nest tending activity.  When conspicuous nest building 
activity was not observed and the female was presumed to be incubating, areas where female 
activity was concentrated were searched on foot. Because male larks tend nestlings and 
fledglings, we only followed them when they were observed carrying food items.  

To reduce confusion about the status of nesting activities or how data were used in 
analyses, we defined nest status in the following way.  We defined a nest as a case where >1 
egg was laid in a nest structure (Dinsmore et al. 2002).  Data from these nests were used for all 
demographic analyses, including clutch size, daily nest survival rate, and productivity.  However, 
we also recorded the locations of all nest structures during the nest-building stage and provided 
that information to managers as a potential nest site. In some cases these sites eventually 
became nests, but in some cases they did not.  Later in the season, we also found nest 
structures that had been nests earlier in the season based on evidence surrounding the nest 
structures (e.g., flattened nest structure, presence of fecal matter).  We kept a record of all 
these unfound nest locations, but these were not included in data analyses because nest 
outcomes were unknown.  Finally, in some cases, we observed adults tending dependent young 
in lark territories where no nest had been found.  For these cases, we recorded a nest location 
at the center of the delineated territory.  These cases were not used in demographic analyses, 
but do help in estimating overall young produced by site.   
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Once a nest was discovered, we visited it every 3-5 days, until it fledged or failed.  Nests 
were checked more frequently near fledging to accurately assess fate.  We used a variety of 
cues to assess whether a nest was successful or failed.  We assumed a nest was successful if 
young were > 6 d old at the previous visit and there were signs associated with fledging (adults 
alarm calling or feeding young, fecal matter on rim of cup, feather scales) and no signs of 
predation (feathers, disturbed nest cup).   

We banded lark nestlings to track translocated individuals (see genetic rescue section 
below) and estimate annual adult and juvenile return rates and juvenile post-fledging survival 
(Section 5.0). Most lark nestlings were banded at 6-8 days old while still in the nest.  Banded 
nestlings received an acetal color band over a silver metal USFWS band on the right leg. To 
differentiate among sites, birds at 13th Division Prairie received a white color band over metal; 
birds at McChord Airfield received orange over metal; and birds at Gray Army Airfield were 
given green over metal.  Unique color band combinations were also placed on the left leg to 
differentiate among individuals. One central retrice was taken from each nestling for future 
genetic analysis and stored at the Washington Department of Fish and Wildlife. Unhatched eggs 
were removed after nests were abandoned or nestlings had fledged, and were delivered to 
Scott Pearson (Washington Department of Fish and Wildlife) for future genetic analyses. Length 
and width were recorded for each egg that was removed. Adrian Wolf marked the larks as a 
sub-permittee under Scott PearsonΩǎ ƳŀǎǘŜǊ ōŀƴŘ ǇŜǊƳƛǘ όннфмоύΦ  

Female larks build nests generally on the north or northeastern side of a vegetation 
clump (i.e., nest host). The female lark excavates a depression, and then lines the excavation 
with plant material and mosses, and may add rocks and pebbles on the north side of the nest. 
At each nest, we identified to species the plant or structure that served as the nest host. We 
collapsed these species into six functional groups, as follows: 1) native bunchgrass (e.g., Festuca 
roemerii); 2) rhizomatous grasses (e.g., Agrostis capillaris); 3) other grasses (e.g., 
Arrhenantherum elatius); 4) native forbs (e.g., Lupinus lepidus, Eriophyllum lanatum); 5) non-
native forbs (e.g., Trifolium spp.); and 6) other (shrub or none). 

3.1.2  Clutch Initiation and Age 
Where possible, we estimated clutch initiation date, clutch size, and clutch age. Clutch 

age could be determined when nests were discovered during the nest building or egg laying 
stage (1 egg is laid per day and incubation starts upon laying of the penultimate egg in the 
clutch).  We estimated clutch initiation dates using the following formula: egg laying stage (# 
eggs laid-1), incubation period (12 days), and nestling period (9 days). We used this formula 
when nests were discovered at the egg-laying stage, or when nests succeeded to the nestling 
stage and we were able to estimate nestling age. When nests were found during incubation and 
failed prior to hatching, we used this formula to estimate the clutch initiation date (Pearson 
2003): Clutch initiation = date found ς (incubation period (12) ς number of days observed) ÷ 2. 

We calculated clutch reinitiation ƛƴǘŜǊǾŀƭǎ ǘƻ ŀǎǎŜǎǎ ǿƘŜǘƘŜǊ ǘƘŜǊŜ ƳƛƎƘǘ ōŜ ŀ άǿƛƴŘƻǿ 
ƻŦ ƻǇǇƻǊǘǳƴƛǘȅέ ŦƻǊ ƳŀƴŀƎŜƳŜƴǘ ŀŎǘƛǾƛǘƛŜǎ ǘƻ proceed (e.g., mowing) that would minimize 
impacts to nesting larks. Clutch reinitiation interval was defined as the number of days elapsed 
after a nest either failed or fledged to the date when the first egg was laid in a subsequent 
clutch. We only considered pairs that held defined, non-overlapping territories, to increase our 
confidence that subsequent nests belonged to that particular pair.  
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3.1.3  Vital Rates 

Hatch Rate 
To assess any changes in hatchability following the genetic rescue effort (see Genetic 

Rescue section), we calculated hatch rate at each site as the total number of hatched eggs by 
the total number of eggs laid in nests with completed clutches that survived the incubation 
period.  Preliminary analysis indicated this yielded the same result as averaging hatch rate by 
nest for each site.  

Daily Nest Survival and Nest Success   
We used Program MARK to estimate daily survival rates of lark nests during the period 

from 2011 to 2014 (White and Burnham 1999).  In previous annual reports, we used the 
Mayfield ad hoc estimator for daily nest survival rates (Mayfield 1961).  The use of Program 
MARK has several distinct advantages over the Mayfield method (Dinsmore et al. 2002, Schaffer 
2004). MARK employs a linear modeling technique based on maximum likelihood estimation, 
thus providing estimates of the mean and variance of daily survival rate using a method based 
in statistical theory.  One of the biggest advantage to MARK is that it allows investigators to 
simultaneously examine multiple covariates, whereas Mayfield can only calculate constant daily 
survival rate for individual groups.  Finally, the determination of which factors have the biggest 
effect on daily nest survival can be examined using an information-theoretic approach after 
developing a set of biologically-relevant candidate models.   

We examined several hypotheses about the causes of variation in daily nest survival 
(Table 2).  The following variables were considered in our set of candidate models: Year (2011 
to 2014), Site (Gray Army Airfield, McChord Airfield, 13th Division prairie), Habitat (airfield, 
native prairie). We evaluated six models that we felt reflected biological reality about variation 
in lark nest survival. 

 
Table 2. Six candidate models that we considered in our daily nest survival analysis using 
Program Mark 

Model Notation 

1) Effect of year only S(Year) 

2) Single estimate of daily survival (constant) S(.) 

3) Effect of year and habitat S (Year x Habitat) 

4) Effect of habitat S (Habitat) 

5) Effect of site S (Site) 

6) Effect of year and site S (Year x Site) 

 
For our model set, we evaluated the degree of support for individual models using 

!ƪŀƛƪŜΩǎ LƴŦƻǊƳŀǘƛƻƴ /ǊƛǘŜǊƛƻƴ ό!L/ύΣ ŀǎ ŎƻǊǊŜŎǘŜŘ ŦƻǊ ǎƳŀƭƭ ǎŀƳǇƭŜ ǎƛȊŜ ό!L/Ŏ; Burnham and 
Andersen 1998). AIC methods measures how well a model fits, but incorporates a penalty for 
the addition of parameters, thus providing a satisfactory trade-off between bias and variance 
(Burnham and Anderson 1998). The best model was selected by judging the degree of support 
as measured by AICc (Burnham and Anderson 1998) and normalized Akaike weights. Models 
with AICc < 2 were considered to have substantial support, whereas models with AICc > 4 were 
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considered to have little to no empirical support (Burnham and Anderson 2001). We obtained 
estimates of S from the best fitting models. 

To estimate nesting success, we used the product of daily nest survival rates across the 
24-day nesting period (i.e., DSR24; 3 d laying, 12 d incubation, 9 d nestling).  

Fledglings per nest  
To obtain a measure of fecundity (productivity), we estimated the mean number of 

fledglings per nest by site.   

3.1.4  Characterizing Human Activities 
Human activities: We calculated the frequency of human activities on larks at 13th 

Division Prairie during our survey days. This analysis was not conducted at Gray Army Airfield 
nor McChord Airfield because aircraft activities were daily and regular occurrences and mowing 
operations were weekly activities early in the breeding season. For the assessment at 13th 
Division, we characterized observed activities into seven categories (i.e., military vehicles, other 
vehicles, aircraft, recreation, training troops, paratroopers, and other) that might have resulted 
in direct lark mortality.  

3.1.5  Communications with JBLM Airfield and Training Area Managers 
Results of nest monitoring activities were communicated to airfield and training area 

managers on at least a weekly basis. From 4 May through 26 August, we provided site 
managers with spatially explicit maps of each occupied site (e.g., Fig. 11). The maps illustrated 
the location of potential nest sites (i.e., where nest building was observed), nests (active, 
fledged, failed) and sites where there was strong evidence of breeding based on behavioral 
cues.  Maps also indicated recommended stay out areas and vulnerability periods. Nests were 
assigned a vulnerable period date, defined as up to 14 days post fledging (total of 35 days), 
when fledglings were considered weak flyers and thus unable to avoid military and 
management vehicles (e.g., mowers).  For example, a nest found on 1 June on day one of the 
egg-laying stage was assigned a vulnerable period until 5 July (3 days laying + 12 days of 
incubation + 9 days as nestlings + 14 days as fledglings).  Similarly, a nest found on 3 July on day 
2 of the nestling stage was assigned a vulnerable period until 23 July (8 more days as nestlings + 
14 days as fledglings). 

JBLM managers also identified a paratrooper exclusion zone/polygon at Training Area 14 
to redirect training activities (particularly paratrooper drops and land maneuvers) from 
impacting critical nesting areas (Appendix 11). Military vehicles were also directed to remain on 
gravel roads when training within the perimeter of the polygon (Dave Clouse, pers. comm).  The 
perimeter and delineation of the polygon was based on known lark distribution and nest 
records at the site.  

3.2  Results and Discussion 

3.2.1  Territories and Nests 
In 2014, we delineated a total of 28-32 lark territory and use areas at the three sites (10 

pairs and 2 single males at 13th Division Prairie, 8-9 pairs at McChord Airfield, and 10-13 pairs at 
Gray Army Airfield) (Table 3). This represents an increase in 1-2 pairs, relative to 2013 data. 
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The distribution of breeding birds at 13th Division Prairie occurred in two general 
άǘŜǊǊƛǘƻǊȅ ŎƭǳǎǘŜǊǎέ ς one cluster in the northeast portion and the second in the southwest 
portion (Fig. 2, Appendices 2 and 12). The majority of breeding territories at Gray Army Airfield 
were concentrated in the northern portion of the airfield, whereas territories were more evenly 
spread across the study area at McChord Airfield (Figs. 3 and 4). 

We estimate that there were 45-50 breeding pairs of Streaked Horned Larks at five 
locations on JBLM in 2014 (Table 3).  These estimates were calculated from the following data: 
1) known number of nesting pairs determined through nest monitoring activities, 2) maximum 
number of males (assumed to be paired) detected during the abundance transects, and 3) 
assumption that at least half of the larks detected at Range 50 were male and were paired.  

At all three sites in 2014, we found a total of 48 nests which produced 157 eggs and 128 
nestlings (Tables 5 and 7, Appendices 3-5). We banded 103 nestlings and 1 fledgling between 7 
May and 13 August 2014 (41 at 13th Division Prairie, 32 at Gray Army Airfield, and 31 at 
McChord Airfield) (Appendices 6-8). Not all nests were found, as evidenced by 15 instances 
where either a nest structures was found with evidence of breeding or we found adults tending 
dependent young in territories where no nest was located.  We also found 10 nest structures 
that never became nests (Table 7, Appendices 3-5).  

 
Table 3.  Estimated number of Streaked Horned Lark breeding pairs at five sites on JBLM, 
2014, 2013, 2003 and 2002. 

Site 2014 2013 20031 20022 

13th Division Prairie 10 (+2 single males) 9 (+1 single male) 10 8 

Gray Army Airfield 10 ς 13 11 30 - 

McChord Airfield 8 ς 9 8 ς 9 - - 

Range 763 8 - - - 

Range 504 9 - - - 

Total 45 - 50 27 - 30 >40 27 
1
 entire population estimated at 13

th
 Division Prairie and Gray Army Airfield, but only a portion of McChord 

Airfield (Pearson and Hopey 2004); 
2
 entire population estimated at 13

th
 Division Prairie (Pearson and Hopey 

2004); 
3
 based on maximum number of males detected during a single abundance transect visit; 

4
 based on 

assumption that half of the 17 larks detected during one visit were male and were paired 
 

Nest Host 
Although we have not quantitatively assessed the availability of these functional groups 

at each site, nest host selection appears to be non-random. For example, our nest monitoring 
efforts from 2011 to-2014 at 13th Division Prairie documented that more than 75% of nests 
were built on the north side of the native bunchgrass, Festuca roemerii (Fig. 8).  Moreover, 
although relatively rare at Gray Army Airfield (pers. obs.), the native forb Lupinus lepidus 
comprised the nest host for 38% of the known nests in 2013 and 2014. Other nest hosts at Gray 
Army Airfield were the rhizomatous grass Agrostis capillaris (21%), native perennial 
bunchgrasses (Festuca roemerii and Danthonia californica, 15%), and non-native grasses and 
forbs (26%).  At McChord Airfield, non-native forbs (e.g., Centaurea pretense, Hypochaeris 
radicata) comprised 49% of the nest hosts.  Danthonia californica (20%) comprised the only 
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native bunchgrass host, and rhizomatous grasses (10%) and other non-native grasses (15%) 
comprised the remaining nest hosts at McChord Airfields.  Native forbs were not used at 
McChord Airfield but were extremely rare. 

 

 
Figure 8. Streaked Horned Lark nest host selection at three sites in JBLM, 2011-2014 (percent 
of nests by site) 

3.2.2  Clutch Initiation and Age 
Streaked Horned Larks were first reported in the South Sound (Olympia Airport) on 14 

February, 2014. Male larks were first observed at 13th Division Prairie on 19 February. The first 
known clutch was initiated in mid-April (approximately 13 April based on the 7 May banding 
date of a fledgling at 13th Division) (Fig. 9, Appendix 6).  This suggests that clutches were 
initiated almost 3 weeks earlier in 2014 than the earliest known initiation date in 2013. 
Similarly, the detection of the first fledgling on 7 May 2014 was 29 days earlier than the first 
fledgling detected in 2013 (5 June).  Clutch size in 2014 ranged from 1 to 5 eggs with a mean 
(S.E.) of 3.2 (+ 0.1).  

Clutch reinitiation intervals and distances from subsequent nests were assessed for 13 
pairs at 13th Division Prairie, 6 pairs at Gray Army Airfield, and 3 pairs at McChord Airfield for 
2013 and 2014 (Table 4).  Although the mean number of days between clutch reinitiation for 
these 22 pairs was approximately 15 days, there was considerable variation (range: 3-39 days).  
The mean replacement nest interval was shorter than the mean interval reported by Camfield 
et al. (2011; 22 days, n = 8 nests). Our data suggests that females reinitiated subsequent 
clutches sooner after failed nest attempts (mean = 12.2, n = 13), compared to clutches 
reinitiated after successful nests (16.6 days, n = 16; Wilcoxon Rank Sum Test, z = -1.71, P [one-
tail] = 0.04). Our data also indicated that subsequent nests tended to be placed closer to 
previous nest locations following successful nest outcomes (mean = 64.4 m, n = 16) than 
unsuccessful nests (mean = 99.8 m, n = 13), although the difference was not statistically 
significant (Wilcoxon Rank Sum Test, z = 0.61, P [one-tail] = 0.27). Nonetheless, these data are 
biologically significant and imply that nest outcome may be an important factor in when and 
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where subsequent nest attempts are reinitiated. These data suggest that entire breeding 
territories remain vulnerable across the breeding season. 

 
Table 4.  Streaked Horned Lark clutch reinitiation interval and distance between subsequent 
nests at three sites in JBLM, 2013-2014. 

Nest outcome 
Clutch reinitiation Interval  

(# days, mean ± SE) 
Distance between subsequent nests 

(m, mean ± SE) 
Success 16.6 ± 2.3 64.4 ± 13.0 
Failed 12.2 ± 2.3 99.8 ± 27.5 

Mean ± SE 14.6 ± 2.5 80.3 ± 21.5 

 
 
 

 
Figure 9. Nest vulnerability (in 10 day intervals) for Streaked Horned Larks nests (n = 52) at 
three breeding locations in JBLM, 2014 

 

3.2.3  Vital Rates 

Hatch Rate 
Hatch rate in 2014 was greater than 80% at all three sites (Table 7), but remains lower 

than rates reported for birds in general (>90%, Koenig et al. 1982). Hatchability of Streaked 
Horned Lark eggs in the Puget Lowlands has been reported as low as 44%, relative to other 
grassland nesting birds at the same site (Anderson 2010). Because genetic factors (inbreeding 
depression) appear to be a likely explanation (Drovetski et al. 2005), a genetic rescue effort to 
increase genetic diversity was initiated in 2011 (see next section).  
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Daily Nest Survival and Nest Success  
We included 118 nests with known fate in the daily nest survival analysis, 44 in 2014, 48 

in 2013, 16 in 2012, and 10 in 2010 (Table 5).  Gray Army Airfield and McChord Airfield were 
only monitored in 2013 and 2014.  

 
Table 5. Number of nests with known fates at three sites on JBLM, WA used in the daily nest 
survival analysis. 

Site 2014 2013 2012 2011 

13th Division Prairie 18 22 16 10 

Gray Army Airfield 14 15 
  McChord Airfield 12 11 
   

 The only model in our nest survival analyses that received substantial support indicated 
daily nest survival varied by year (Table 6, Fig 10). Only two other models received slight 
support, the model indicating constant survival and a model indication variation in survival by 
year and habitat (prairie vs. airfield. The constant model produced a daily nest survival rate of 
0.97 (95%CI = 0.96 - 0.98).  The model showing variation in nesting success by habitat revealed 
that nesting success was slightly higher in native prairie habitat than on airfields in 2013 and 
2014 (Figure 10), although 95% CI do not overlap indicating the difference was not significant.  
In the future, we intend to investigate the influence of nest age and time during the season as 
additional covariates.  Preliminary analysis indicated data were too sparse to include those 
variables in this analysis.  

Using daily nest survival rates from our top model, which indicated daily nest survival 
varied by year, we calculated overall nesting success of 71% in 2014, 37% in 2013, 34% in 2012, 
and 38% in 2011.  The constant survival model, which would most closely resemble the 
Mayfield estimate, yields an overall nesting success estimate of 48% for the years from 2011 to 
2014. 

 
Table 6.  Summary of model selection results for the nest survival of Streaked Horned Lark at 
JBLM, 2011-2014. 

Model Deviance K Delta AICc AICc Weight 

S(Year) 262.73 4 0 0.52 

S(.) 270.95 1 2.19 0.17 

S (Year x Habitat) 261.30 6 2.61 0.14 

S (Habitat) 270.67 2 3.91 0.07 

S (Site) 269.49 3 4.74 0.05 

S (Year x Site) 259.45 8 4.80 0.05 
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Figure 10.  Estimates of daily nest survival rate (+ 95% CI) for Streaked Horned Larks for 
models indicating variation by year (upper) and year and habitat (lower) at three sites on 
JBLM, WA during the period from 2011 to 2014. 
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Of the 11 nests that failed in 2014, the causes of nest failure were predation (n = 3), 
abandonment (n = 2), mowing (2), and unknown (n = 4). Nest failure due to predation was only 
recorded at Gray Army Airfield and 13th Division Prairie. The wildlife hazing and removal 
program at McChord Airfield is a likely explanation for the lack of predation events recorded at 
the airfield.    

We also had 10 instances where nest structures were apparently abandoned prior to 
nesting.  In four cases the nest structure had been mowed over and in one case the nest was 
torn apart, perhaps by a predator; at the remaining five instances there was no obvious clue as 
to why larks abandoned the site.   

Overall, there were seven incidents at nest structures or nests associated with airfield 
mowing activities and in only one case did the nest go on to be successful.  Here, we describe 
these incidents in more detail. At Gray Army Airfield, mowing activity occurred in the 
immediate vicinity of, and over, a total of two known active nests (GAAF14-03 and GAAF14-04, 
Appendix 4).  The first incident occurred during the nest building stage, and the pair 
subsequently abandoned the nest site. The second mowing incident at Gray Army Airfield 
occurred either during the nestling or early fledgling stage, and the young birds were likely 
destroyed by the activity ς the adults were not observed tending young birds after the mowing 
incident.  

At McChord Airfield, there were five mowing incidents.  Three nest structures were 
mowed during the nest-building stage and the nest cups were destroyed by the mowing 
activity.  At a fourth nest (MAFB14-02) mowing occurred during the incubation stage, but all the 
eggs hatched.  However, the nest failed due to predation when the young were approximately 
6-7 d old.  Mowing removes vegetation around the nest and may leave the nest more 
vulnerable to predators due to the lack of cover.  A fifth mowing incident at McChord Airfield 
(MAFB14-04) occurred during the nest building stage; that lark pair nested and successfully 
fledged three young.  

Although research has shown that mowing at airfields has resulted in direct mortality to 
nesting birds, mowing was not a good predictor of nest success (Peters & Allen 2010). Our data 
suggest that mowing can have an impact on breeding activities.  In 2014, the number of 
mowing incidents decreased from 2013 and we believe this is due to the improved 
communication of information regarding lark distribution and status to airfield managers.  We 
anticipate building upon this foundation of communication.  In the long-term, we suggest that 
airfields replace the existing vegetation with native bunchgrasses that do not require mowing 
to stay within prescribed height restrictions.  

Fledglings per nest  
The mean (+ S.E.) number of lark fledglings per nests in 2014 was 2.5 (+ 0.2).  

Productivity was slightly higher on the airfields (Gray Army = 2.4, McChord = 2.5) than on native 
prairie (2.1) (Table 7).  However, it is important to note that sample sizes are small. 
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Table 7.  Breeding summary of Streaked Horned Larks at three sites on JBLM, 2014. 

Attribute 
Streaked Horned Lark Breeding Location+ 

13thDiv GAAF MAFB Total 

No. Nest Structures  a 1 2 7 10 

No. Unfound Nests b 4 6 5 15 

No. Nests c 19 16 13 48 

Total No. Eggs 60 53 44 157 

Mean Clutch Size (± SE) 3.0 ± 0.2 3.3 ± 0.2 3.4 ± 0.2 3.2 ± 0.1 

Hatch Rate (%)d 86 92 80 87 

No. Nestlings 46 46 36 128 

No. Banded 41 32 31 104 

Fledglings per Nest (± SE)  2.1 ± 0.3 2.4  ± 0.4 2.5 ± 0.3 2.5  ± 0.2 
+
13thDiv = 13

th
 Division Prairie, GAAF = Gray Army Airfield, MAFB = McChord Airfield; 

a
 nests structures indicate 

sites that never resulted in a nest; 
b
 these sites include nest structures that had evidence of nesting (flattened cup, 

fecal matter, feather scales) but were found after the nest failed or fledged; 
 c
 nests contained at least 1 egg; 

d
proportion of eggs hatched in completed clutches that survived the incubation period. 
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Figure 11: An example of regular maps provided to site managers, McChord Airfield, 2014  
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3.2.5  Characterizing Human Activities  
We detected human activities during 54 of 100 (54%) monitoring days at 13th Division 

Prairie (Fig. 12).  Military vehicles (21%) and paratroopers (25%) comprised the majority (46%) 
of these events, followed by recreational activities (15%). Relative to 2013, the occurrences of 
aircraft events declined 75%, whereas paratrooper activity increased >200%. However, the 
paratrooper activity occurred generally outside of the drop exclusion zone, where there were 
no known nests (Fig. 14). However, the impacts of these events on lark breeding activities 
should be assessed in a more systematic manner to determine how these activities might be 
impacting larks during the breeding period.  Human activities in occupied lark habitat could 
result in direct impacts (e.g., individual mortality), or indirect effects (e.g., reduced time 
incubating, brooding, or feeding; increased predation levels) (Wolf and Anderson 2014).   

Documented recreation-related disturbances included 16 occurrences such as dog-
walking, motorcycling, horseback-riding, and an incident when a microlight aircraft landed and 
departed from the northern portion of Pacemaker Runway. Although the frequency of 
recreational use on the weekends is unknown, we suspect that recreational use increases on 
the weekends, based on accumulated trash and other signs of human activity detected after 
weekends.   

Two wildfires occurred at 13th Division Prairie in 2014 (Appendix 11).  These wildfires 
occurred within a week of each other, and were located adjacent to 8th Avenue South, where 
most recreational users access the area. The wildfires occurred immediately adjacent to, but 
outside of, known nesting areas and there were no known nests present in either burn area.  
Although there were fledglings on the ground at the time from known nests to the west, we 
doubt that any young birds were impacted because the area that burned was comprised of 
dense non-native grasses and Scotch broom.  It is unlikely that young birds would have used 
this area because of the dense composition and structure of the vegetation.  The first wildfire 
(approximately 5.2 acres) burned on 21 July in the northeastern portion of the study area, east 
of Pacemaker Runway. The second wildfire (45 acres) occurred on or around 4 August in the 
southeastern portion of the study area.  The JBLM fire department responded to the wildfire 
and allowed the burn to continue to the south (James Lynch, pers. comm.). Adult and juvenile 
larks were observed foraging in the burn areas within days after the wildfires. When trespassers 
were detected, monitors notified the JBLM Police, who generally responded quickly.  
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Figure 12: Human activities at 13th Division Prairie, 2013-2014 

 

3.2.6  Noteworthy Species 
In addition to the lark, two noteworthy species were confirmed breeding within the 

boundaries of the monitored sites, the Common Nighthawk (Chordeiles minor), and Western 
Bluebird (Sialia mexicana).  Three nests of the Common Nighthawk were found:  two nests at 
McChord Airfield (egg and nestling stage), and one at 13th Division Prairie (egg stage). In 
addition, we detected Vesper Sparrows (Pooecetes gramineus) at various locations in Range 50 
and Range 76, and they are likely probable breeders.  We did not detect Vesper Sparrows at 
13th Division Prairie in 2014, although they were observed repeatedly in 2013 in the vicinity of 
Pacemaker box. Management actions in 2012 and 2013 to reduce shrub cover might account 
for the absence of Vesper Sparrows at the site, although the decline of the species has been 
reported from other regions (Bob Altman, pers. comm.).  A Short-eared Owl (Asio flammeus), 
presumably a transient, was detected in early spring (21 March 2014) at 13th Division Prairie. 

4.0  Genetic Rescue at 13th Division Prairie 
The decline of Streaked Horned Larks in Puget Sound is thought to be driven, in part, by 

low egg hatchability, which is likely caused by inbreeding (Drovetski et al. 2005, Pearson and 
Stinson, white paper). 2014 was the fourth year of a multiyear effort to reverse the decline of 
the Puget Sound Streaked Horned Lark population by increasing genetic diversity (Wolf 2011, 
Wolf 2012, Wolf 2013).  The rescue effort entailed translocating eggs to 13th Division Prairie 
from nests at a site in Corvallis, Oregon that was not exhibiting low egg hatchability.  Surviving 
fledglings that breed at the new site should benefit the new population by increasing genetic 
diversity and improving hatchability.  If this experiment is successful in increasing egg 
hatchability and we can document the mechanism responsible for the success (e.g., 
inbreeding), this technique could have broader implications to the conservation of birds with 
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small populations throughout the world. Herein this document, we provide a summary of the 
2014 fieldwork relating to the rescue effort. A comprehensive report of the multi-year effort 
was prepared in a separate document (Wolf 2015). 

No eggs were translocated to the South Sound in 2014 because of a population decline 
at the Corvallis Municipal Airport source site. A total of 20 eggs have been translocated to 13th 
Division Prairie since the genetic rescue effort was initiated - twelve eggs (4 clutches) in 2011 
and 8 eggs (three clutches) in 2013. No banded birds that originated from Corvallis translocated 
clutches were observed at lark nesting sites outside of 13th Division Prairie (i.e., McChord 
Airfield, Gray Army Airfield, JBLM Range 76 of Artillery Impact Area, Olympia Airport, or 
Sanderson Airfield) (see Wolf 2015). 

The Oregon translocated nestling that returned to 13th Division Prairie as an adult male 
in 2012 and bred successfully with a female in 2013 (i.e., the Oregon Male), returned again in 
2014. The returning bird successfully produced three clutches and at least three fledglings were 
observed foraging independently. Although his first nest in 2014 went undetected, the Oregon 
Male was observed on 7 May feeding a flightless fledgling.  The young bird was subsequently 
caught and banded. ¢ƘŜ hǊŜƎƻƴ aŀƭŜΩǎ ǎŜŎƻƴŘ ƴŜǎǘ ŀǘǘŜƳǇǘ ǿŀǎ ŀ ǘƘǊŜŜ-egg clutch, all which 
hatched (Appendices 3 and 6).  On banding day, only 2 nestlings were in the nest and a few 
days after banding, a pile of feathers was found next to the nest. This nest was likely 
ŘŜǇǊŜŘŀǘŜŘΦ  ¢ƘŜ hǊŜƎƻƴ aŀƭŜΩǎ ǘƘƛǊŘ ƴŜǎǘ ŀǘǘŜƳǇǘ ǿŀǎ ǎǳŎŎŜǎǎŦǳƭ - all three eggs hatched, the 
nestlings were banded, and at least two fledglings were observed. 

Assuming that this male and his offspring survive the 2014/2015 winter, return to 13th 
Division and successfully reproduce in subsequent years, the local population of Streaked 
Horned Lark could be rescued, which can lead to improved fitness and reduced extinction risk.  
Subsequent monitoring will determine if other translocated birds return to breed. 

In summary, the fourth year of the egg translocation effort for the Streaked Horned Lark 
Genetic Rescue Project has met the projected success criteria.  We successfully translocated 
Oregon clutches to the Puget Sound population in 2011 and 2013, and confirmed that a male 
that originated from an Oregon translocated clutch in 2011 survived its third winter, and 
returned to breed 13th Division Prairie.  This confirms our expectation that with translocating up 
to five clutches per year, we can expect that 1-2 nests survive per season.  However, with the 
return of only this one banded bird that originated from a translocated nest, we might have 
overestimated fledgling survivorship (7-10) over the two years.  To account for temporal and 
seasonal aberrations that affect lark productivity and survivorship, several years of 
translocating perhaps a greater number of egg clutches per year might be necessary to rescue 
the population.  bƻƴŜǘƘŜƭŜǎǎΣ ƛŦ ǘƘŜ hǊŜƎƻƴ aŀƭŜΩǎ ƻŦŦǎǇǊƛƴƎ ǎǳǊǾƛǾŜǎ ŀƴŘ ōǊŜŜŘǎ ǎǳŎŎŜǎǎŦǳƭƭȅ ŀǘ 
13th Division Prairie in future years, the local population of Streaked Horned Lark could be 
rescued by this single bird, which can lead to improved fitness and reduced extinction risk.  

5.0  Juvenile and Adult Survivorship 
Juvenile and adult survivorship has the largest influence on Streaked Horned Lark 

population growth rate (Camfield et al. 2011). While there is published and important 
information on annual survivorship rates for larks (Camfield et al. 2011, Pearson and Hopey 
2008), those models do not incorporate time dependence and we still lack information on what 
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time period is most limiting to lark populations  (e.g., immediately post-fledging, when parents 
no longer tend juveniles, over-wintering).  We also lack information on the sources of mortality 
(e.g., predation, airstrike, mowing).  Answering these questions will be critical to developing 
conservation strategies aimed at recovering lark populations. 

To begin addressing this information gap we used resights of banded individuals to 
conduct two analyses.  First, we estimated survival during the post-fledging period for banded 
nestlings using mark-recapture techniques implemented in Program MARK  (version 6.1; White 
and Burnham 1999).  In our second analysis, we estimated annual return rates of juveniles and 
adults.  After one more field season, we expect to have sufficient data to estimate annual 
survival and recapture probability for adults and juveniles using Program MARK.  This 
methodology improves upon return rates because it takes into account recapture probability, 
describes uncertainty around estimated parameters, and allows modeling to evaluate the effect 
of different factors on survival and recapture.  Results of these analyses may help identify time 
periods and/or life stages when larks may be most vulnerable to mortality pressures so that 
conservation measures can be appropriately targeted (e.g., winter vs. summer habitat).  We 
also evaluated fledgling age and distance from natal nests to gain a better understanding of the 
spatial considerations when trying to minimize impacts to young of the year from human-
caused activities near breeding sites.  Our long-term goal is to use this information to develop 
management recommendations aimed at increasing Streaked Horned Lark juvenile and adult 
survivorship in south Puget Sound.  

5.1  Methods 
We have been banding nestlings larks with unique color leg bands (see Section 3.1) and 

conducting resight surveys at JBLM since 2011. Fieldwork has been conducted during the 
breeding season at three sites 13th Division Prairie (2011 to 2014) and Gray Army and McChord 
Airfield (2013 to 2014).  

5.1.1  Serpentine Transects and Juvenile Area Searches 
Serpentine surveys are modified line transects designed to resight (recapture) marked 

juveniles and adults.  They also helped assess spatial distribution and guide nest monitoring 
activities.  These surveys were conducted at regular intervals (1-2 times per week from 19 
February to 31 October). The placement, orientation and spacing of the serpentine transects 
were designed to survey all suitable habitat within the study areas at three sites (13th Division, 
McChord Airfield, and Gray Army Airfield).  The distance between transects in the serpentine 
surveys were spaced closer than spacing between transects in the abundance transects (100 m 
versus 150 m). Total transect length was 17.4 km, 12.2 km and 10.5 km at 13th Division, Gray 
Army Airfield, and McChord Airfield, respectively.  

Observers mapped and tabulated all larks seen or heard, identified animals by sex and 
age (when possible), recorded band combinations (if present), and documented secondary 
behaviors and environmental variables. We used the resight location data of banded birds to 
determine if there was a correlation between distance from natal nests and fledgling age. This 
analysis was aimed at understanding if there is a predictable vulnerable area and minimizing 
potential impact from management actions. 
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We also conducted area searches in known lark use areas/territories to resight marked 
juveniles.  The juvenile searches were conducted weekly for at least 1 hour per territory during 
nest monitoring activities (May through Aug).  

5.1.2 Return Rates 
We calculated annual return rates for juvenile and adult larks in the JBLM population by 

calculating the number of individuals alive in breeding season t +1 divided by the number of 
individuals alive in breeding season t.  We defined the breeding season as the period from April 
ς July.  We calculated both rates with no distinction between sex because juveniles cannot be 
reliably sexed and sample size for adults was very small.   

5.1.2 Post-fledging Survival 
For the post-fledging survival analyses, we defined the fledging date, estimated as two 

days after banding, as day 0 for survival history.  We used our serpentine and juvenile area 
searches, which were each typically conducted once a week, to resight fledglings.  Because data 
were sparse for resights at 1-week intervals, we pooled resights into 2-week periods.  Each 
individual was recorded as 1 for observed and 0 for not seen.  The last nest fledged on 15 
August and the last resight survey was in late October, 10 weeks later.  Therefore, we evaluated 
survival over 5 two-week periods.  In other words, each individual had an encounter history of 5 
occasions.  Late October also coincides with most larks exhibiting pre-migratory behavior.   

We investigated the effect of age (5, 2-week periods) and site (native prairie vs. airfield) 
on post-fledgling survival.  We did not investigate the effect of year because banding effort was 
minimal in 2011 and 2012; however in the future, we will be able to do so. We constructed 
models that we believed represented reasonable descriptions of Streaked Horned Lark fledgling 
ǎǳǊǾƛǾŀƭ ōŀǎŜŘ ƻƴ ƻǳǊ ƪƴƻǿƭŜŘƎŜ ƻŦ ǘƘŜ ǎǇŜŎƛŜǎΩ ŜŎƻƭƻƎȅΦ Survival probabilityΣ ˒Σ is defined as 
the probability of a fledgling surviving from one two-week period to the next, regardless of 
whether it was resighted; resighting probability, p, is the probability that a birds will be 
resighted given it is alive (Lebreton et al. 1992).  We used Cormack-Jolly-Seber models 
implemented in Program Mark to conduct the analysis (White and Burnham 1999).   

Our global, or most parameterized, model included time- and site-dependent variation 
in survival, ˒ Σ and recapture probability, p.  We first conducted a Goodness-of-Fit (GOF) test of 
our global model using the parametric bootstrap test implemented by program MARK.  We ran 
100 simulations to generate a distribution of deviance values against which to compare the 
deviance of the fully-parameterized model of the true data. Results indicated good fit (P = 0.39) 
of the global model, indicating the development of a further set of nested models with fewer 
parameters was appropriate.  We estimated the value the variance inflation factor (or level of 
overdispersion), Ŏ ȸ, by dividing the observed deviance of the saturated model by the mean 
deviance of the simulated models. The Ŏ ȸ estimate was 1.04 indicating negligible overdispersion, 
therefore we did not adjust parameter estimates.   

Because we believed that age effects likely had a significant effect on survival and one of 
the motivations for this study was identifying specific intervals that fledglings may be especially 
vulnerable, we further evaluated age effects.  We modeled age effect by grouping the 5, 2-
week period into possible categories.  The time categories we modeled included all 5, 2-week 
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periods (full time dependence), period 1 against periods 2-5, periods 1 and 2 against 3-5, and so 
forth.    

For our model set, we evaluated the degree of support for individual models using 
!ƪŀƛƪŜΩǎ LƴŦƻǊƳŀǘƛƻƴ /ǊƛǘŜǊƛƻƴ ό!L/ύΣ ŀǎ ŎƻǊǊŜŎǘŜŘ ŦƻǊ ǎƳŀƭƭ ǎŀƳǇƭŜ ǎƛȊŜ ό!L/ŎΤ .ǳǊƴƘŀƳ ŀƴŘ 
Andersen 1998). AIC methods measures how well a model fits, but incorporates a penalty for 
the addition of parameters, thus providing a satisfactory trade-off between bias and variance 
ό.ǳǊƴƘŀƳ ŀƴŘ !ƴŘŜǊǎƻƴ мффуύΦ ²Ŝ ƻōǘŀƛƴŜŘ ŜǎǘƛƳŀǘŜǎ ƻŦ ˒ ŀƴŘ Ǉ ŦǊƻƳ ǘƘŜ best fitting models. 

5.2  Results and Discussion 

5.2.1  Serpentine Transects and Juvenile Area Searches 
In 2014, serpentine surveys were conducted on 69 days, representing over 488 hours of 

survey time.  Of the 1,245 larks detected during the surveys, 162 (13%) were banded, and 80 of 
these were young of the year, banded as nestlings in 2014. Many of these detections were 
repeat detections of the same bird at a given site (Appendices 12 through 13).  

Independent, young of the year larks were first detected in July and were frequently 
detected in August and September. By mid-September the larks were beginning their pre-basic 
molt, and as a result, sexing and aging individuals became problematic. By late September, it 
was extremely difficult to differentiate between sexes, young of the year and adult birds. 

5.2.2  Return Rates 
In 2014, we detected 16 banded adults in our study areas (Appendix 9), 12 (75%) males 

and 4 (25%) females. Most banded adults (11 of 16, 69%) were first-year breeding birds banded 
as nestlings in 2013 (Table 8).  The five after-second year adults detected in 2014 represents a 
71% annual adult return rate (Table 9).  The overall annual return rate for adults since 2011 is 
72%. One adult male returned to his natal breeding site for his fifth breeding season.  Four of 
the 11 (36%) first year breeding adults dispersed to non-natal sites (Fig. 13).  A total of 219 larks 
have been banded on JBLM since 2010, and the overall return rate for juveniles is 17.1%, which 
is within the range reported for other granivorous landbirds (range = 8-42%, Verner et al. 1998). 

We detected three banded larks at Olympia Airport in 2014, two that originated from 
JBLM breeding sites (Fig. 13). One bird was a first year breeding female, which originated from a 
2013 nest at 13th Division Prairie (Appendix 9). The second banded lark at Olympia Airport was 
also a first year breeding bird (male), which originated from a 2013 nest at Gray Army Airfield.  
The third banded bird at Olympia Airport was a fourth year male that was banded at the Airport 
in 2010.  

Two additional banded larks were detected outside of their natal breeding grounds 
during the 2014 breeding season (Fig. 13, Appendix 9). Both dispersal events, originating from 
2013 nests at Gray Army Airfield, were first year breeding birds that bred successfully at 13th 
Division Prairie. One bird was a female (RBt:GS) who produced at least 2 successful nests in 
2014.  The second bird was a male (O:GS) who produced at least 1 successful nest in 2014.   

Greater survey access in other occupied areas on JBLM (e.g., Range 50 and 76 in the 
Artillery Impact Area) will improve our ability to determine if larks have dispersed to these 
locations and improve the precision of our survival estimates.  Adult return rates collected in 
2015 from the three nest-monitored sites and banded bird survey areas, will comprise three 
years of resight data for three sites, and four years of data for one site, which will allow us to 
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estimate specific demographic parameters using capture-recapture methods (e.g., population 
growth, lamda). 
 

Table 8.  Number of nestlings banded and their return rate after their first winter, JBLM 2010 
- 2014. 

Year # nestlings banded*  
# adults surviving 
their 1st winter 

Return Rate (%) 

2010 17 3 17.6 

2011 15 3 18.8 

2012 14 2 14.3 

2013 66 11 16.7 

2014 104 TBD TBD 

Total 216  Average = 17.1 

*excluded 3 nestlings that died in the nest 
 

Table 9.  Number of adults resighted and return rates, JBLM 2011 - 2014. 

Years # adults returned # adults previous year Return Rate (%) 

2010 - 2011 5 Unknown Unknown 

2011 - 2012 3 5 60.0 

2012 - 2013 5 6 83.3 

2013 - 2014 5 7 71.4 

Average (2011 ς 2014)   Average = 71.6 
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Figure 13: Lark dispersal incidents to non-natal breeding sites, 2014  

 

5.2.3  Post-fledging Survival 
From 2011 to 2014, we banded 195 nestlings that subsequently fledged.  Five fledglings 

were banded out of the nest and not included in this analysis. We also censored four individuals 
that had been banded with the same color combination in a breeding season since we were 
unable to determine which individual was resighted.  We censored 15 nestlings that hatched 
from eggs translocated from Oregon because we were unsure about the impacts of potential 
genetic effects or our activity around the nest during the egg translocation process.  Finally, we 
removed one nestling that was hatched from an egg that had been cross-fostered into a 
Savannah Sparrow nest.  After censoring individuals, the data set we used for the post-fledging 
survival analysis included 174 individuals, 87 from prairie sites and 87 from airfield sites (Table 
10).    
 The best model in our candidate set indicated that the greatest effect on fledgling 
survival was related to time since fledging with the first 2-week period (t1) having survival of 
0.63 (95% CI = 0.51 ς 0.73), while the 2-week survival for the periods 2-5 (t2-5) was 0.85 (95% CI 
= 0.76 ς 0.91) (Table 11).  The remaining 14 models did not receive substantial support (Delta 

B:WS - female 

Bt:Bt:GS - male 

O:GS ς male 
 RBt:GS - female 
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AICc > 2.0).  The best model also indicated resighting probability varied with time.  Resighting 
probability was lower in the first two-week interval following fledging (0.29, 95% CI = 0.20 ς 
0.39) and increased during subsequent 2-week intervals (0.49, 95% CI = 0.41 ς 0.57). 
  
Table 10. Number of banded nestlings that fledged from sites at JBLM during the period from 
2011 to 2014 that were included in the post-fledging survival analysis performed in Program 
Mark.  

Site Habitat 2011 2012 2013 2014 

13thDIV Prairie 4 12 30 41 
GAAF Airfield 

  
20 30 

MAFB Airfield 
  

8 29 

 
 

Table 11. Candidate models explaining variation in post-fledging survival and recapture 
probability of Streaked Horned Larks during the 10 week post-fledging period at JBLM, WA 
during the 2011 to 2014 breeding seasons. Variables coded as constant (.), habitat (g), time 
(t).  The global model included variation in time and habitat. 

Model K Delta AICc AICc Weights Deviance 

 ˒(t1,t2-5)p(t1,t2-5) 4 0.00 0.64 64.62 
(˒t1,t2-5)p(t) 7 2.85 0.15 61.24 
(˒t1-2,t3-5)p(t) 7 4.22 0.08 62.61 
(˒.)p(t) 6 5.56 0.04 66.04 

(˒t)p(t) 9 6.74 0.02 60.91 
(˒t1-3,t4-5.)p(t) 7 7.07 0.02 65.46 
(˒g)p(t) 7 7.14 0.02 65.53 
(˒t1,t2-5)p(.) 3 7.79 0.01 74.46 
(˒t)p(.) 5 8.71 0.01 71.26 
(˒t)p(g) 6 9.08 0.01 69.56 
(˒g,t)p(g,t) 17 14.79 0.00 51.50 
(˒t1-2,t3-5)p(t1-2,t3-5) 4 16.66 0.00 81.28 
(˒t1-2,t3-5)p(.) 3 17.35 0.00 84.02 
(˒t1-3,t4-5)p(.) 3 21.63 0.00 88.30 
(˒g)p(g) 4 26.12 0.00 90.74 

a AICc of top-ranked model = 796.59 
 

Results from the post-fledging analysis indicate that juveniles are extremely vulnerable 
during the entire 10-week period, but especially so in the immediate two weeks after leaving 
the nest, a pattern seen in other studies (Sankamethawee et al. 2009).  Our data do not reveal 
causes of mortality, making it hard to offer specific management recommendations aimed at 
increasing survival during this vulnerable period. High mortality during the period when young 
have a limited ability to fly is often attributed to predation.  The most likely predators of lark 
fledglings are avian predators, such as Northern Harrier (Circus cyaneus) or American Crow 
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(Corvus brachyrhynchos).  It recently came to our attention that USDA Wildlife Services 
removed crows from McChord airfield in 2014Φ  ²ƛǘƘ ŀƴƻǘƘŜǊ ȅŜŀǊΩǎ ŘŀǘŀΣ ǿŜ Ƴŀȅ ƘŀǾŜ ǎŀƳǇƭŜ 
sizes sufficient to compare sites with and without predator removal, potentially allowing us to 
evaluate this management activity.   

Mowing at McChord and Gray Army Airfields is the most consistent management 
activity conducted in lark breeding areas, and likely poses a risk to larks if conducted during the 
period when they are learning to fly.  Mowing could cause direct mortality.  Mowing near nest 
sites where young have recently fledged should be avoided, especially during the two week 
post-fledging.  However, we also know that young can make substantial movements even 
during those first weeks after fledging, so reducing mowing as much as possible later in the 
breeding season should be considered.  Mowing may also indirectly affect mortality by reducing 
cover and making young more vulnerable to predation.  It may be worth considering whether 
opportunities exist to maintain a few clumps or patches of slightly taller vegetation within 
territories to provide refuge for post-fledging young.   

The cumulative survival probability for the entire 10-week post-fledging period was 
32%.  This probability is similar to some other studies of post-fledging survival: 0.42 in the 
Wood Thrush (Hylocichla mustelina) for 8-weeks (Anders et al. 1997), 0.36 in the Lark Bunting 
(Calamospiza melanocorys) for 22 days (Yackel Adams et al. 2006).  In this study, juvenile 
annual return rate averaged 0.17, equal to juvenile apparent annual survival rate modeled by 
Camfield et al. (2011).  In order for juveniles in this study to survive at that annual rate, their 
survival the rest of the year would need to be 0.45 (0.97 for all remaining 2-week periods).  
With one more year of return data, we will be able to model annual juvenile rates, allowing us 
to better estimate juvenile survival during the migration period.   

We did not find any difference in post-fledging survival between prairie and airfield 
habitats.  As noted previously, we did find that USDA Wildlife Services removed crows in 2014 
at McChord Airfield, but not Gray Army Airfield.  Predator removal could improve post-fledging 
ǎǳǊǾƛǾŀƭΦ  ²ƛǘƘ ŀƴƻǘƘŜǊ ȅŜŀǊΩǎ ŘŀǘŀΣ ǿŜ Ƴŀȅ ƘŀǾŜ ǎŀƳǇƭŜ ǎƛȊŜǎ ǎǳŦŦƛŎƛŜƴǘ ǘƻ ŎƻƳǇŀǊŜ ǎƛǘŜǎ ǊŀǘƘŜǊ 
than habitat type.    

Other factors may also contribute to post-fledgling survival. In particular, we will be 
interested in investigating if survival is influenced by the timing of breeding.  We expect to be 
able to add timing of breeding as a covariate in subsequent analyses. 

6.0  Optimizing Site Co-Use 
In 2014 we used the information collected during our transect survey, nest monitoring, 

and juvenile survivorship research efforts to support decision making for management 
objectives at occupied sites while also guiding minimization of direct impact to larks. We further 
examined lark breeding phenology to refine the spatial and temporal vulnerability window for 
lark fledglings. We worked directly with occupied site managers and JBLM Fish and Wildlife to 
communicate lark status at a minimum of a weekly basis. We conducted an analysis to 
investigate if the level of monitoring effort could be reduced while still remaining confident 
about potential impact reduction.  We evaluated fledgling age and distance from natal nests to 
better understand the spatial considerations when trying to minimize human-caused 
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disturbances impacts to young of the year.  For this analysis, we grouped fledgling age into 
three periods:  

¶ 1-5 days post-fledging ς young are either flightless, or can fly poorly (4-5 days) 

¶ 6-14 days post-fledging ς young birds are able to fly weakly but still dependent 
on adults for provisioning 

¶ >14 days post-fledging ς young birds are able to forage independently and 
generally leave natal territories after 21 days (Randy Moore, pers. comm.) 

6.1  Breeding Phenology and Fledgling Vulnerability 
 We summarize below the timing, duration, and spatial arrangement of Streaked Horned 
Lark life stages in south Puget Sound (Table 12).  We also provide our general evaluation of the 
vulnerability level of each life stage. In 2014, egg clutches were initiated in mid-April, almost 3 
weeks earlier than the earliest known initiation date in 2013. There was no indication that the 
breeding season terminated earlier in 2014 based on known clutch initiation dates.  This 
illustrates the variability in breeding timing, which is influenced by many factors, including 
seasonal/climatic conditions. In addition, phenological responses of birds to global climate 
change suggest advanced arrival dates and earlier laying (e.g., Fletcher et al. 2013, Cotton 
2003).  Thus, recommendations for minimizing direct and indirect impacts to larks due to 
management should incorporate the full range of annual variability in current and predicted 
clutch initiation dates.  
 
Table 12. South Puget Sound Streaked Horned Lark life stages and vulnerability 

Life Stage 
Significant 
Date (2014) 

Stage 
Duration 

Spatial 
arrangement 

Ground 
Vulnerability 

Adult Arrival 
First detection 

14 Feb 
~ 2 months 

Throughout 
sites 

Low 

Nesting (Eggs, 
Nestlings) 

First egg laid 
~13 April 

First hatch 
date ~26 April 

mid-April to 
early May 

Confined to 
nest location 

Moderate - 
high 

Fledgling 
First fledge 

date ~4 May 
early May to 

late Aug 
0-2807 m from 
natal nest 

High 

Independence 
Last date of 

independence 
~ 28 August 

After 1 Sept 
Throughout 
sites 

Low 

 
 
The data regarding nest reinitiation intervals and spacing can provide guidance for 

management actions expected to impact successful breeding by larks. Because females may 
reinitiate nests up to 300m from a former nest site, it is important to reduce or avoid disturbing 
pairs within their entire use area/territory if the management objectives are to facilitate normal 
breeding activities. Furthermore, because birds appear to renest in close proximity to nests that 
were successful, relative to unsuccessful nests, human disturbances in the immediate proximity 
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of a successful nesting area might force females to select less favorable and less productive 
nesting locations. 

6.1.1  Communications with JBLM Airfield and Training Area Managers 
Results of nest monitoring activities were communicated to airfield and training area 

managers as often as necessary to provide managers with up to date information (on a weekly 
basis at a minimum). We provided site managers with spatially explicit maps (produced in 
ArcGIS 10) of each occupied site. The maps illustrated the locations of nest sites, recommended 
stay out areas, and vulnerability periods. On each map, nest locations were identified as either 
1) active (e.g., located), 2) inactive (fledged or failed), or 3) strong evidence (not located but 
behavioral cues strongly suggested that a nest was present; Fig. 11). Active nests were also 
assigned a vulnerable period date, defined as 14 days post fledging, when fledglings were 
flightless or considered weak flyers and thus unable to avoid military and management vehicles 
(e.g., mowers). 

We believe that the increase in reproductive success in 2014, relative to 2013, may be 
partially explained by the reduction in direct impacts to lark nests as a result of 1) avoidance by 
mowing activities at the airfields and 2) altered military training (e.g., paratroop training at 13th 
Division Prairie). We documented fewer occurrences of nest failures at both the egg and 
nestling stages that resulted from mowing impacts to lark nests in 2014. We believe that this 
was due, in part, to the diligence of the airfield managers and conveyance of the spatially 
explicit maps to the operators of the mowing equipment.   

We also believe that the realignment of the drop zone (and staging areas) at 13th 
Division Prairie minimized the level of disturbance to breeding pairs (Fig. 14, Appendix 11).  In 
2014, the paratrooper activities were concentrated in the western and southwestern portion of 
Training Area 14, where no known nests were located. In addition, the three staging areas used 
for the drops were located south of the drop exclusion zone, and on the southern portion of the 
runway.  As a result, paratroopers returning to the staging areas after the drop tended not to 
walk through known nesting areas. In 2013, paratroop activity included much of the training 
area, and troopers were often observed walking through nesting areas. 

Although recreational users continue to use 13th Division Prairie during the breeding 
season, the swift response of Down Range Police forces to trespassing activities discouraged 
and appeared to reduce the incidence of recreational users, relative to 2013.  However, 
recreational use continues to occur at 13th Division Prairie, and should be limited with improved 
signage and possible fencing. 
 



  Page 41 

 
Figure 14.  Observed paratrooper drop zone and staging areas, 13th Division Prairie, 2014. 
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6.2  Distance of Fledglings to Natal Nests 
We analyzed 2013 and 2014 location data for 252 young of the year (YOY), whose post 

fledging age ranged from 1 to 119 days (Table 13, Fig. 15).  The majority (86%) of all juvenile 
location detections were young >14 days post-fledging. Less than 5% of the location data were 
fledglings younger than 5 days old. We excluded three outliers based on a box plot analysis 
(Program R, Crawley 2007), and our final analysis included 249 young of the year locations.  

The mean distance of Җ14 day-old post-fledging larks from their natal nests was 118.6 m 
(± 9.3 SE, n = 33). The mean distance of flightless larks (1-5 day old post-fledgling) from their 
natal nests was 16 m, although the sample size is low. It is important to note that one outlier 
omitted, a 5 day old post-fledging bird, was found 455m from its natal nest.  This indicates that 
young fledglings are able to move substantial distances even though they are unable to fly, and 
buffers (e.g., 125 m) around nest sites might not protect all fledglings.  There were two post-
breeding dispersal incidents when juvenile birds were detected outside of their natal breeding 
grounds.  These dispersal events were recorded on 18 September, 2013 and 1 October 2014.  
The first incident involved an 89 day-old (post fledging) bird that was banded as a nestling at 
Gray Army Airfield (GAAF13-7), and dispersed 11.4 km to McChord Airfield. The second incident 
was a 71 day-old fledgling banded at McChord Airfield, and was observed at Gray Army Airfield.  
Excluding these between-site, post-breeding, dispersal incidents, mean (+ SE) distance of 
fledgling locations for all ages to their natal nests was 476.1 m (± 26.9). Distance from nest sites 
was positively correlated with fledgling age (Pearson Correlation, R2 = 0.55, t-Stat = 10.5, df = 
247, p < 0.001). 

 
 
Table 13.  Distance of fledglings to natal nests for Streaked Horned Larks at three breeding 
locations in JBLM, 2013 and 2014 

Fledgling Age (# 
days post-fledging) 

n 
Distance of fledgling to natal nest (m) 

Min Max* Mean SE 

1-5 8 0.02 88 16.0 2.0 

6-14 25 8 616 151.4 9.7 

>14 216 2 1730 530.7 27.1 

Total 249 0.02 1730 476.1 26.9 

* Three outliers were excluded from this analysis (see text) 
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Figure 15.  Distance of fledglings to natal nests for Streaked Horned Larks at three breeding 
locations, JBLM, 2013 and 2014. Excluded between site dispersal incidents, see text. 

 

7.0  Population Management Recommendations 

7.1  Coordinate Management Actions Closely with Nest Status 
We continue to believe that the period when the majority of early nests are in the 

incubation and early nesting stage (April through early May, Fig. 9) might present the best 
opportunity to engage in maintenance activities at occupied sites (e.g., mowing).  At this time, 
there are no fledglings on the ground. However, the actual timing of this period varies 
depending on weather conditions, and when nesting activities are initiated. 

Although there was a lull in nest initiation in early June, there was no interval where 
nests, nestlings, and fledglings were less vulnerable because subsequent nests were reinitiated, 
and fledglings were still dependent on adults (Fig. 9). In particular, recently fledged young are at 
the greatest risk because they can wander far from their nests but fly poorly at 3-5 days and 
ǘƘŜǊŜŦƻǊŜ ŎŀƴΩǘ ŜǎŎŀǇŜ ŀŎǘƛǾƛǘƛŜǎ ǎǳŎƘ ŀ ƳƻǿƛƴƎ. Consequently, the fledgling stage is the stage 
where we have little confidence in knowing where the young of the year are distributed and the 
maps showing nest locations might not be effective at the post-fledgling stage. Results from our 
post-fledging analysis (Section 5) indicate that juveniles are extremely vulnerable during the 10-
week period following fledging, and especially so two weeks after leaving the nest. Although 
there is evidence that fledglings generally leave their natal territories (are chased by territorial 
males) at about 21 days after fledgling (Randy Moore, pers. comm.), we found several fledglings 
beyond their natal territory boundaries within a week after fledging. Thus, the vulnerability 
period extends from the time when nests are initiated (mid-April) until young of the year are 
strong flyers foraging independently (late September).  

A preliminary recommendation is to use a combination of survey techniques to avoid 
impacting Streaked Horned Larks. Early in the breeding season (April), we suggest conducting 
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serpentine surveys, and use these data to map territories/use areas. If land managers are 
interested in protecting all adults, nests, and vulnerable fledglings, we recommend that human 
activities be reduced or avoided within the defined territories and use areas. Buffering 
territories/use areas could protect nest sites, as well as sufficient area such that human-caused 
disturbances will not adversely affect adult nest-tending behavior.  Coupling nest-monitoring 
activities with identifying use areas could further ensure that the majority of nest sites are 
avoided.  

Of equal importance to the survey and monitoring techniques is the conveyance of 
these data and information to site managers, and appropriate field personnel. We recommend 
that site managers continue to be provided regular updates of nest status and locations, in the 
form of spatially explicit maps of each occupied site that indicate nest locations, appropriate 
buffers, and vulnerability periods (e.g., Fig. 11). Inputting nest coordinates and recommended 
stay-out polygon into handheld global position system (GPS) units could also be used to advise 
mower operators of which areas to avoid. 

In summary, a combination of monitoring techniques (nest monitoring and transects) 
and excellent communication with site managers would be the best management practices to 
minimize human-caused disturbances. 

7.2  Continue Lark Monitoring at Occupied Sites 
In 2013, we determined that adult locations were a poor to moderate indicator of nest 

locations (Wolf & Anderson 2014). Therefore locating and monitoring Streaked Horned Lark 
nests appears to be the most effective method in directing management at occupied sites in 
order to preclude negative impact to breeding larks. We believe that nest locating activities 
identified the vast majority of nests at all three sites in 2014, although we know that nests went 
undetected.  

7.3  Convert Vegetation at Airfields 
Although we documented that several nests were unaffected by mowing activities at 

the airfields, mowing did result in direct mortality of nests and fledglings. Pearson and Hopey 
(2005) identified three mowing windows to minimized impacts to lark nests: 1) early in the 
season prior to nesting; 2) the break in clutch initiations between the first and second clutch 
(e.g., first week of June); and 3) end of the breeding season. However, because we found no 
apparent period in the breeding season where nests, nestlings, and fledglings were less 
vulnerable, we do not recommend mowing during the second window (Fig. 9). Rather, we 
suggest implementing two habitat management strategies early and late in the breeding season 
that that could reduce mowing-related impacts, and thus increase vital rates. 

The first approach is a short-term strategy to lure larks away from the runways at 
McChord and Gray Army Airfields. Although we found no correlation between nest success and 
nest proximity to the runway (possibly due to low sample size), there is research indicating that 
distance to runways may be a potential factor negatively influencing nest daily success rate 
(Peters and Allen 2010). In addition, adult larks have been struck by aircraft. Thus, we suggest 
creating attractive lark habitat in areas that receive less training use, far removed from high 
human-conflict areas of the airfields (e.g., runway aprons). For example, grassland habitat 
adjacent foxtrot row and in the southern portion of the overrun at McChord Airfield could be 
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treated with multiple herbicide applications, or burned by prescribed fire in early spring 
(March) or late summer (September), which may reduce the need for mowing earlier in the 
season. Enhancing habitat suitability for larks in these lower-conflict areas could make them 
more attractive to breeding and foraging larks and may draw them from higher conflict areas. 
Pearson and Hopey (2005) found that late summer fire created suitable habitat for post-
breeding adult and juvenile larks. 

In the long-term, we suggest that airfields replace the existing vegetation with native 
bunchgrasses. The tall sod-forming grasses could be replaced with native perennial 
bunchgrasses (e.g., Festuca roemeriiύ ǘƘŀǘ ŘƻƴΩǘ ǊŜǉǳƛǊŜ ŦǊŜǉǳŜƴǘ ƳƻǿƛƴƎ to stay within 
prescribed height restrictions. This could be accomplished with multiple habitat enhancement 
techniques such as prescribed fire, followed by herbicide applications, and broadcast seeding. 

7.4  Evaluate Effect of Disturbances 
Human-caused disturbances were detected during 54 of 100 (54%) monitoring days at 

13th Division Prairie (see Section 3.2.5).  Military vehicles and paratroopers comprised the 
majority of these disturbances, followed by recreational activities. Relative to 2013, the 
occurrences of aircraft disturbances declined 75%, whereas paratrooper activity increased 
>200%. However, paratrooper activity occurred generally outside of the drop exclusion zone, 
where there were no known nests. Impacts of these, and other, disturbances on lark breeding 
activities should be assessed in a more systematic manner to determine how these activities 
might be impacting larks during the breeding period. 

7.5  Survey Other Suspected and Potential Lark Locations 
The detection of larks at Range 50 confirms our suspicions that larks might be breeding 

at other locations on JBLM.  Improved access to Range 50 and other locations on the Artillery 
Impact Area could ascertain whether our suspicions are correct.  At a minimum, we 
recommend improved access to Range 50 to accurately assess the number of pairs and confirm 
breeding.  If access is not possible, the use of remote auditory devices could determine 
occupancy in these highly dangerous areas. In addition, suitable habitat in the Rainier Training 
Area (e.g., Weir and Johnson Prairies) should be surveyed for breeding larks. 
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8.0  Habitat Management at 13th Division Prairie 
 

In late 2013, we prepared a site based strategy for enhancing priority habitat for 
Streaked Horned Lark on Training Area 14 over a five-year period.  This strategy included 
detailed descriptions of specific actions to be conducted in 2014.  The goals were to develop 
spatially-explicit strategies for enhancing and maintaining lark habitat, particularly at 13th 
Division Prairie. Comprehensive details of the strategy and implemented actions were included 
in a separate report (CNLM 2014, Fig. 16).  In summary, the following actions were performed 
in 2014: 

¶ Mowed Scotchbroom and blackberry on 112 acres 

¶ Chemically treated blackberry and Scotchbroom on 12.5 acres 

¶ /ƘŜƳƛŎŀƭƭȅ ǘǊŜŀǘŜŘ vǳŜŜƴ !ƴƴŜΩǎ ƭŀŎŜ ƻƴ пΦт ŀŎǊŜǎ 

¶ Chemical treatment of non-native grasses on >2.2 acres 

¶ Removal of popular and Douglas fir on 1.5 acres 

¶ Seeded ~20 lbs. of native bunchgrass (Festuca roemerii) and 5.8 lbs. of native 
forbs on approximately 10 acres. 

¶ Conducted prescribed fire on 64 acres. 
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Figure 16:  Streaked Horned Lark habitat enhancement areas, 13th Division Prairie 

  



  Page 48 

9.0  Conclusion  
 

In 2014, we implemented several actions to reverse decline of the Streaked Horned Lark 
population at five occupied sites at Joint Base Lewis-McChord in the Puget Lowlands of 
Washington State. We collected information on the status of the lark population; described 
breeding phenology and reproductive success; monitored a population stabilization technique 
(genetic rescue); initiated research to understand survivorship at multiple life stages; and 
implemented habitat management and enhancement activities to improve nesting and foraging 
habitat.  

Based on surveys conducted in 2014 at five known occupied sites, we estimate the 
breeding population of Streaked Horned Larks on JBLM to be between 45 to 50 pairs.  This 
estimate is based on the following: 1) known number of pairs determined through nest 
monitoring activities at 13th Division Prairie, Gray Army Airfield, and McChord Airfield, 2) 
maximum number of males detected during the Range 76 abundance transect surveys with the 
assumption that all males were paired, and 3) two area searches at Range 50 where 17 
individuals were detected and an assumption that at least 8 of these were paired males.  

Lark productivity was particularly high, relative to 2013. Overall nest success for the 
three nest monitored sites on JBLM was 71% in 2014, relative to 38%, 34% and 37% in 2011, 
2012, and 2013, respectively.  We color-marked 53% more nestlings in 2014 (104), as compared 
to the 68 banded nestlings in 2013.  We used these data from the population and reproduction 
monitoring activities to communicate to site managers, at airfields and training areas, in an 
attempt to reduce negative effects of training and airfield management actions to nests and 
birds.  

We believe that the high reproductive success documented in 2014, relative to 2013, 
may be partially explained by the reduction in direct impacts to lark nests as a result of 
avoidance by mowing activities at the airfields and altered military training. We documented 
fewer occurrences of nest failures at both the egg and nestling stages that resulted from 
mowing impacts to lark nests in 2014. We believe that this was due, in part, to the diligence of 
the airfield managers and conveyance of the spatially explicit maps to the operators of the 
mowing equipment.  We also believe that trespassing patrol by the Down Range Police forces 
and the realignment of the drop zone (and staging areas) at 13th Division Prairie minimized the 
level of disturbance to breeding pairs.   

We recommend limiting human activities around territories/use areas in order to best 
protect nest sites and minimize human-caused disturbances on fledglings and adult nest-
tending behavior.  Coupling nest monitoring activities with identifying use areas could further 
ensure that the majority of nest sites and vulnerable juveniles are avoided. We also strongly 
suggest that regular maps of lark use areas, nest sites and recommended stay out areas be 
provided to site managers and field personnel. In summary, a combination of monitoring 
techniques (nest monitoring, and transects), and excellent communication with site managers 
would be the best management practices to reduce human-caused disturbances.  

The fourth year of the genetic rescue project documented that a male that originated 
from an Oregon translocated clutch in 2011 returned again in 2014, and bred successfully at 
13th Division Prairie.  However, with the return of only this one translocated bird, we might 
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have overestimated fledgling survivorship.  We recommend considering translocating perhaps a 
greater number of egg clutches for at least one more year. 

We advise continuing habitat enhancement activities including prescribed fire, Scotch 
broom control, seeding and planting native grasses and forbs to improve lark nesting and 
foraging habitat.  

We recommend continuing site monitoring activities in the South Sound to resight larks 
returning for their first breeding season. The relatively high proportion of post-fledging birds 
detected in 2014 and the subsequent return rates in 2015 will allow us to assess over-winter 
survivorship. Resight rates in 2015 will provide a more accurate measure of annual survivorship 
and population growth.   
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12.0  Appendices 
 

Appendix 1.  Streaked Horned Lark abundance transects surveys results at four sites, JBLM, 
2014 

Site* Visit Date Males Females Unknown Age/Sex Total 

GAAF 

22 May 11 2 5 18 

28 May 15 2 2 19 

2 June 16 2 0 18 

13th Div 

21 May 12 0 2 14 

27 May 9 3  12 

3 June 11 2  13 

MAFB 

6 May 6 1  7 

9 May 9 2  11 

14 May 6 3  9 

R76 

7 May 3   3 

17 June 7  6 13 

14 July 8   8 

Total 

Survey 1 32 3 7 42 

Survey 2 40 7 8 55 

Survey 3 41 7  48 

*GAAF = Gray Army Airfield, 13thDiv = 13
th
 Division Prairie, MAFB = McChord Airfield, R76 = Range 76 (AIA) 
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Appendix 2. Road names at 13th Division Prairie 
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Appendix 3.  Summary of Streaked Horned Lark nests at 13th Division Prairie, JBLM, 2014 

Nest# 
UTMs (WGS84) 

#Eggs #Nestlings #Banded #Fledglings Nest Outcome* 
Easting Northing 

1 541904 5208151 0 0 0 0 Abandoned; excavation only 

2 541453 5207346 2 0 0 0 Abandoned 

3 541906 5208212 3 3 3 3 Success 

4 542033 5208117 3 2 2 2 Success 

5 541910 5208134 2 2 2 2 Success 

6 541379 5207305 2 2 2 2 Success 

7 541720 5208231 3 3 3 U Unknown 

8 541460 5207072 3 3 3 3 Success, YBk:WS and YPh:WS as fledglings  

9
+
 541409 5207204 3 3 2 0 Depredated, Pile of feathers next to nest 

10 541380 5207459 2 2 1 2 Success; first year female from GAAF - RBt:GS  

11 541636 5207060 U U 0 U Unknown; old nest, fecal pellets in nest 

12 541934 5208255 3 1 1 1 Success; BkR:WS observed on 25 July 

13 541441 5207378 U U 0 U Unknown; old nest within 4 m of nest #19 - active nest 

14 541675 5207143 3 3 3 3 Success; OW:WS observed on 18 July 

15
+
 541423 5207157 3 3 3 3 Success; BW:WS and BG:WS observed as fledglings 

16 541970 5208089 4 3 3 3 Success; OBt:WS and BtW:WS observed as fledglings on 10 July 

17 541918 5208166 3 3 3 3 Success; PhBt:WS observed on 10 July and 14 Aug 

18 541386 5207496 3 3 3 3 Success; GB:WS observed on 12 Aug 

19 541444 5207383 3 2 2 2 Success; BkW:WS observed on 25 July and 12 Aug 

20 541788 5208184 4 2 0 0 Depredated; nestlings and eggs gone on banding day 

21 541458 5207050 4 4 2 3 R:MS female of nest; one dead nestling found near nest 

22 541947 5208094 4 2 2 2 Success; WBt:WS observed on 14 Aug 

23 541643 5207080 3 0 0 0 Depredated; 2 cracked eggs; 2 unbanded YOY in vicinity  

24 542007 5208091 U U 0 U Unknown; old nest from this year? 

+
 nests by Oregon Male, who originated from an Oregon egg translocated in 2011;*Band combination codes (left:right): B = dark blue, Bk = black, Bt = light blue; G = green, Gl = light 

green, M = mauve, O = orange, Ph = hot pink; R = red, S = USFWS silver band; W = white, Y = yellow 
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Appendix 4.  Summary of Streaked Horned Lark nests at Gray Army Airfield, JBLM, 2014 

Nest# 
UTMs (WGS84) 

#Eggs #Nestlings #Banded #Fledglings Nest Outcome* 
Easting Northing 

1 531685 5214501 3 0  0 Failed, Abandoned, or didn't hatch 

2 531405 5214812 0 0  0 Abandoned, excavation only 

3 531882 5213586 3 2  0 Failed, mowed over, chicks gone, fecal sacks in nest, no sign of predation 

4 531632 5215002 0 0  0 Failed, mowed over around 14 May, nest cup built but abandoned 

5 531525 5214553 3 3 3 3 Success; GO:GS observed on 26 Aug 

6 531966 5213059 3 3 1 3 Success; Banded 1/3, dead nestling within 30cm of nest, 3rd nestling gone 

7 531693 5214265 3 3 3 3 Success; OR:GS observed 22 Sept 

8 532070 5213649 3 3 3 3 Success; No sign of depredation 

9
+
 531475 5214836 3 0  0 Depredated; No eggs on 16 June, nest cup intact 

10 532033 5213134 4 4 2 4 Success; two likely fledged prior to banding; BtB observed on 23 July 

11 531590 5214303 4 4 4 4 Success; no sign of depredation; BG:GS obs on 18 July, BW:GS on 21 July 

12 531758 5214721 4 4  U Nest empty at banding day; fecal pellets out of nest; no sign of Fledglings 

13 531635 5214568 4 4 4 4 Success; PhG:GS, GPh:GS and WR:GS observed on 8 August 

14 531980 5213022 3 3 3 3 Success; OB:GS observed on 22 Sept 

15
+
 531942 5213704 4 4 4 4 Success; BkY:GS and BkW:GS observed on 11 Aug 2014 

16 531541 5215443 3 3  0 Depredated; Cup pulled out, nestlings gone on banding day 

17 531318 5214806        Unknown; Old nest, appeared that 2 YOY could have fledged 

18 531794 5214796        Unknown; nest not found, but fledglings were observed in area 

19 531759 5214473      2 Unknown; Nest found after fledged; two YOY observed tended near nest 

20 
531540 5215449        

Unknown; nest not found, but nest in close vicinity because of presence of 
young 

21 531608 5214979 3 3 3 3 Success; observed YB:GS on 11 Aug 

22 531833 5215019 2 2 2 2 Success; nest intact on 11 Aug 

23 531484 5214878        Unknown; old nest, fecal pellet in nest 

24 531579 5214361        Unknown; old nest, perhaps not active in 2014 

*Band combination codes (left:right): B = dark blue, Bk = black, Bt = light blue; G = green, O = orange, Ph = hot pink; R = red, S = USFWS silver band; W = white, Y = yellow 
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Appendix 5.  Summary of Streaked Horned Lark nests at McChord Airfield, JBLM, 2014 

Nest# 
UTMs (WGS84) 

#Eggs #Nestlings #Banded #Fledglings Nest Outcome* 
Easting Northing 

1 539886 5222205 0 0  0 Failed, mower ran over nest cup, cup destroyed 

2 539764 5220669 3 3  0 Failed, mower ran through nest area and over nest; no nestlings 

3 539516 5221606 0 0  0 Failed; mower ran over nest cup, cup destroyed 

4 539602 5221085 3 3 3 3 Success; mower ran over nest, YR:OS observed as fledgling 

5 539541 5221296 3 3 1 1 Success; one dead chick near nest on banding day; third nestling gone 

6 539881 5222206 3 3 3 3 Success; Bk:O observed fledged on 27 August 

7 539528 5221601 3 3 3 3 Success; all three fledglings observed alive 

8 540153 5222137 0 0  0 Failed; mower destroyed nest cup - torn apart 

9
+
 539954 5221228 0 0  0 Unknown; old nest 

10 540037 5222235 0 0  0 Failed; excavation stage 

11 539995 5222268 0 0  0 Failed; excavation stage 

12 539542 5221338 0 0  0 Unknown; old nest 

13 540170 5222131 0 0  0 Depredated; nest cup pulled from excavation 

14 540180 5222206 4 4 4 4 Success; RG:OS observed as fledgling on 25 August 

15
+
 539940 5222239 4 3 3 3 Success; GY:OS observed as fledgling 

16 540045 5221741 4 4 4 4 Success; YG, OG, OY and OW:OS observed as fledglings 

17 539543 5221336 5 1 1  Unknown; three eggs missing from nest on banding day 

18 539413 5221279 0 0  0 Failed; excavation only - host is manhole cover 

19 539827 5220743 2 2 2 2 Success; color bands B and Ph found in nest vicinity after banding 

20 540028 5222207 3 2 2 2 Success; WBt:OS observed on 3 Oct 

21 539895 5222148     Unknown; followed YOY who flushed near excavation; its natal nest? 

22 539876 5222200 4 2 2 2 Success; observed GBt:OS as fledgling 

23 539653 5221075 3 3 3 3 Success; OB:OS observed on 25 August 

24 539581 5221139 0 0   Inactive nest; from this year 

25 539517 5221597     Inactive nest; from this year 

*Band combination codes (left:right): B = dark blue, Bk = black, Bt = light blue; G = green, O = orange, Ph = hot pink; R = red, S = USFWS silver band; W = white, Y = yellow 
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Appendix 6. Streaked Horned Lark Nestling Banding Details, 13th Division Prairie, 2014. 

Chick # Nest # Date USFWS# right Leg Color Left Leg Color Date(s) observed as fledglings 

1 13DIV14-03 5/1 2541-54371 white/USFWS black/orange  

2 13DIV14-03 5/1 2541-54372 white/USFWS hot pink/red  

3 13DIV14-03 5/1 2541-54373 white/USFWS orange/black  

4* Unknown nest 5/7 2541-54374 white/USFWS orange/orange  

5 13DIV14-05 5/23 2541-54376 white/USFWS black/green 6/20 

6 13DIV14-05 5/23 2541-54377 white/USFWS green/black 6/20, 8/19, 8/28 

7 13DIV14-04 5/23 2541-54378 white/USFWS black/hot pink  

8 13DIV14-04 5/23 2541-54379 white/USFWS hot pink/black  

9 13DIV14-06 6/8 2541-54397 USFWS/white light blue/dark blue  

10 13DIV14-06 6/8 2541-54398 white/USFWS light blue/hot pink  

11 13DIV14-07 6/11 2541-54399 white/USFWS red/green  

12 13DIV14-07 6/11 2541-54400 white/USFWS red/hot pink  

13 13DIV14-07 6/11 2661-31213 white/USFWS light blue/orange  

14* 13DIV14-09 6/11 2661-31214 white/USFWS green/yellow  

15* 13DIV14-09 6/11 2661-31215 white/USFWS yellow/green  

16 13DIV14-08 6/13 2661-31216 white/USFWS yellow/dark blue  

17 13DIV14-08 6/13 2661-31217 white/USFWS yellow/hot pink 8/1 

18 13DIV14-08 6/13 2661-31218 white/USFWS yellow/black 7/29 

19 13DIV14-16 6/26 2661-31221 white/USFWS light blue/black  

20 13DIV14-10 6/20 2661-31222 white/USFWS red/black  

21 13DIV14-16 6/26 2661-31225 white/USFWS light blue/white 8/5, 8/7 

22 13DIV14-16 6/26 2661-31226 white/USFWS orange/light blue  

23 13DIV14-17 6/27 2661-31227 white/USFWS hot pink/green 8/5 

24 13DIV14-17 6/27 2661-31228 white/USFWS hot pink/light blue 8/14 

25 13DIV14-17 6/27 2661-31229 white/USFWS hot pink/white 8/5 

26 13DIV14-12 7/2 2661-31233 white/USFWS black/red 8/?? 

27 13DIV14-19 7/8 2661-31234 white/USFWS black/yellow 8/12, 8/13 
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Chick # Nest # Date USFWS# right Leg Color Left Leg Color Date(s) observed as fledglings 

28 13DIV14-19 7/8 2661-31235 white/USFWS black/white 7/25,7/29,8/13,8/19 

29* 13DIV14-15 7/10 2661-31240 white/USFWS dark blue/white  

30* 13DIV14-15 7/10 2661-31241 white/USFWS dark blue/yellow  

31* 13DIV14-15 7/10 2661-31242 white/USFWS dark blue/green 8/?, 8/14 

32 13DIV14-14 7/11 2661-31247 white/USFWS green/orange  

33 13DIV14-14 7/11 2661-31248 white/USFWS orange/green  

34 13DIV14-14 7/11 2661-31249 white/USFWS orange/white  

35 13DIV14-18 7/18 2661-31253 white/USFWS green/green 7/24 

36 13DIV14-18 7/18 2661-31254 white/USFWS green/dark blue 7/24,8/12 

37 13DIV14-18 7/18 2661-31255 white/USFWS dark blue/dark blue  

38 13DIV14-21 7/25 2661-31256 white/USFWS black 8/19 

39 13DIV14-21 7/25 2661-31257 white/USFWS white/orange 8/28,9/2 

40 13DIV14-22 8/7 2661-31278 white/USFWS white/black 8/14,8/19 

41 13DIV14-22 8/7 2661-31279 white/USFWS white/light blue  

ϝ ƴŜǎǘƭƛƴƎ ŦǊƻƳ άhǊŜƎƻƴ aŀƭŜΩǎέ ƴŜǎǘǎ 

 
 
Appendix 7. Streaked Horned Lark Nestling Banding Details, Gray Army Airfield, 2014. 

Chick # Nest # Date USFWS# right Leg Color Left Leg Color Date(s) observed as fledglings 

1 GAAF14-05 5/28/2014 2541-54382 green/USFWS green/light blue 7 Oct 

2 GAAF14-05 5/28/2014 2541-54389 green/USFWS green/red 26 Aug 

3 GAAF14-05 5/28/2014 2541-54390 green/USFWS green/orange 26 Aug, 28 Aug 

4 GAAF14-07 5/29/2014 2541-54391 green/USFWS orange/light blue  

5 GAAF14-07 5/29/2014 2541-54392 green/USFWS orange/red  

6 GAAF14-07 5/29/2014 2541-54393 green/USFWS red/green  

7 GAAF14-06 6/2/2014 2541-54394 green/USFWS light blue/orange  

8 GAAF14-10 6/16/2014 2541-54395 green/USFWS light blue/blue 23 July 
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Chick # Nest # Date USFWS# right Leg Color Left Leg Color Date(s) observed as fledglings 

9 GAAF14-10 6/16/2014 2541-54396 green/USFWS light blue/hot pink 12 May 

10 GAAF14-08 6/22/2014 2661-31219 green/USFWS red/hot pink  

11 GAAF14-08 6/22/2014 2661-31220 green/USFWS light blue/white  

12 GAAF14-08 6/22/2014 2661-31223 green/USFWS dark blue/white 28 Aug 

13 GAAF14-11 7/1/2014 2661-31224 green/USFWS red/white 28 Aug 

14 GAAF14-11 7/1/2014 2661-31230 green/USFWS dark blue/yellow 31 July; 28 Aug; 4Sept, 8 Sept 

15 GAAF14-11 7/1/2014 2661-31231 green/USFWS dark blue/green 18 July, 31 July 26 Aug 28 Aug 

16 GAAF14-11 7/1/2014 2661-31232 green/USFWS dark blue/white 28 July, 18 Aug; 4Sept 

17 GAAF14-14 7/11/2014 2661-31243 green/USFWS orange/green 23 July 

18 GAAF14-14 7/11/2014 2661-31244 green/USFWS orange/dark blue 22 Sept 

19 GAAF14-14 7/11/2014 2661-31245 green/USFWS green/yellow  

20 GAAF14-13 7/19/2014 2661-31246 green/USFWS orange/white  

21 GAAF14-13 7/19/2014 2661-31250 green/USFWS hot pink/green 8 Aug; 18 Aug 

22 GAAF14-13 7/19/2014 2661-31251 green/USFWS green/hot pink 8 Aug 

23 GAAF14-13 7/19/2014 2661-31252 green/USFWS white/red 8 Aug; 18 Aug by ALW 

24 GAAF14-15 7/19/2014 2661-31261 green/USFWS hot pink/dark blue  

25 GAAF14-15 7/19/2014 2661-31262 green/USFWS hot pink/white  

26 GAAF14-15 7/19/2014 2661-31263 green/USFWS black/yellow 11 Aug 

27 GAAF14-15 7/19/2014 2661-31264 green/USFWS black/white 28 Aug, 22 Sept 

28 GAAF14-22 8/8/2014 2661-31276 green/USFWS yellow/white  

29 GAAF14-22 8/8/2014 2661-31277 green/USFWS green/white  

30 GAAF14-21 8/8/2014 2661-31281 green/USFWS dark blue/orange 16 Sept 

31 GAAF14-21 8/8/2014 2661-31282 green/USFWS yellow/green 28 Aug 
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Appendix 8. Streaked Horned Lark Nestling Banding Details, McChord Airfield, 2014. 

Chick # Nest # Date USFWS# right Leg Color Left Leg Color Date(s) observed as fledglings 

1 MAFB14-05 5/12/2014 2541-54375 orange/USFWS yellow  

2 MAFB14-06 5/27/2014 2541-54380 orange/USFWS light blue  

3 MAFB14-06 5/27/2014 2541-54381 orange/USFWS hot pink  

4 MAFB14-06 5/27/2014 none orange black 27 Jun 

5 MAFB14-04 5/29/2014 2541-54383 orange/USFWS light blue/red  

6 MAFB14-04 5/29/2014 2541-54384 orange/USFWS yellow/red 21 July 

7 MAFB14-04 5/29/2014 2541-54385 orange/USFWS green/red 4 June 

8 MAFB14-07 6/2/2014 2541-54386 orange/USFWS black/red 28  Jul, 25 & 27 Aug 

9 MAFB14-07 6/2/2014 2541-54387 orange/USFWS hot pink/red 27 Aug 

10 MAFB14-07 6/2/2014 2541-54388 orange/USFWS dark blue/red Found dead on 18 Aug 

11 MAFB14-14 7/8/2014 2661-31236 orange/USFWS red/yellow 31 Jul 

12 MAFB14-14 7/8/2014 2661-31237 orange/USFWS red/green 25 Aug, 31 Jul 

13 MAFB14-14 7/8/2014 2661-31238 orange/USFWS red/dark blue  

14 MAFB14-14 7/8/2014 2661-31239 orange/USFWS red/white 17 July 

15 MAFB14-17 8/1/2014 2661-31258 white/hot pink orange/USFWS  

16 MAFB14-20 8/5/2014 2661-31259 orange/USFWS white/light blue 3 Oct 

17 MAFB14-20 8/5/2014 2661-31260 orange/USFWS white/black  

18 MAFB14-19 7/22/2014 2661-31265 orange/USFWS hot pink/dark blue  

19 MAFB14-19 7/22/2014 2661-31266 orange/USFWS dark blue/hot pink  

20 MAFB14-15 7/22/2014 2661-31267 orange/USFWS hot pink/green  

21 MAFB14-15 7/22/2014 2661-31268 orange/USFWS dark blue/green  

22 MAFB14-15 7/22/2014 2661-31269 orange/USFWS green/yellow 13 Aug; 27 Aug 

23 MAFB14-16 7/24/2014 2661-31270 orange/USFWS yellow/green 25 Aug 

24 MAFB14-16 7/24/2014 2661-31271 orange/USFWS orange/yellow 13 Aug, 1 Oct 

25 MAFB14-16 7/24/2014 2661-31272 orange/USFWS orange/green 5 Aug, 27 Aug 

26 MAFB14-16 7/24/2014 2661-31273 orange/USFWS orange/white 29 Jul, 25 Aug 

27 MAFB14-23 8/8/2014 2661-31274 orange/USFWS yellow/dark blue 3 Oct 
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Chick # Nest # Date USFWS# right Leg Color Left Leg Color Date(s) observed as fledglings 

28 MAFB14-23 8/8/2014 2661-31275 orange/USFWS yellow/green  

29 MAFB14-23 8/8/2014 2661-31280 orange/USFWS orange/dark blue 25 Aug 

30 MAFB14-22 8/13/2014 2661-31284 orange/USFWS light blue/green  

31 MAFB14-22 8/13/2014 2661-31285 orange/USFWS green/light blue 2 Sept 

 
 



 

Appendix 9.  Banded Streaked Horned Lark Adults, South Puget Sound, 2014 

2014 
Breeding 
Location* 

Sex 
Color band combination 

Band Date Natal Site* 
Left leg Right leg 

13DIV  male light green/yellow mauve
+
/USFWS 8/10/2011 13DIV 

13DIV  male** USFWS hot pink 6/13/2009 13DIV 

13DIV  female red mauve/USFWS 6/25/2011 13DIV 

13DIV  male dark blue/yellow mauve
++

/USFWS 6/20/2012 13DIV 

13DIV  male orange green/USFWS 6/19/2013 GAAF 

13DIV female red/light blue green/USFWS 7/19/2013 GAAF 

13DIV male light blue/red white/silver 7/30/2013 13DIV 

13DIV female light blue/green white/silver 6/19/2013 13DIV 

13DIV male dark blue/hot pink white/silver 7/15/2013 13DIV 

13DIV male green/hot pink white/silver 7/15/2013 13DIV 

GAAF male dark blue green/USFWS 6/19/2013 GAAF 

OA male dark blue/dark blue pink/USFWS 8/5/2010 OA 

OA female dark blue white/USFWS 6/3/2013 13DIV 

OA male light blue/light blue green/USFWS 8/6/2013 GAAF 

GAAF male light blue/red green/USFWS 7/19/2013 GAAF 

GAAF male yellow green/USFWS 6/19/2013 GAAF 

13DIV male light green/yellow mauve/USFWS 8/10/2011 13DIV 

*Breeding location and Natal site codes: 13DIV = 13
th
 Division Prairie, GAAF = Gray Army Airfield, OA = Olympia 

Airport; **Male is likely hot pink/red ς left, dark blue/USFWS - right, but the red and dark blue bands have since 
fallen off;  .

+
 translocated from Corvallis OR; 

++
 mauve band has fallen off. 

 
  



 

Appendix 10.  Streaked Horned Lark Nest Hosts, JBLM, 2011-2014 

Nest Host 13thDiv GAAF MAFB Total 

Agrostis capillaris 2 7 4 13 

Arrhenantherum elatius 
  

6 6 

Arctostaphylos uva-ursi 
 

1 
 

1 

Carex inops 1 
  

1 

Centaurea pratensis 
  

12 12 

Cytisus scoparius 
  

1 1 

Danthonia californica 
 

1 7 8 

Daucus carota 1 
  

1 

Danthonia spicata 
 

1 
 

1 

Erodium cicutarium/Lepidium campestre 1 
  

1 

Eriophyllum lanatum 1 
  

1 

Festuca roemerii 65 4 
 

69 

Galium spp. 1 
  

1 

Unidentified grass 
 

1 
 

1 

Hypericum perforatum 
 

1 
 

1 

Hypochaeris radicata 
 

1 4 5 

Hypochaeris radicata, Danthonia californica 
  

1 1 

Lotus nevadensis 
 

1 
 

1 

Lupinus lepidus 4 11 
 

15 

Lupinus lepidus, Agrostis sp. 
 

1 
 

1 

None 
  

3 3 

Plantago lanceolata 1 2 1 4 

Rumex acetosella 
  

1 1 

Trifolium arvense 1 1 
 

2 

Trifolium arvense, Plantago lanceolata, Lupinus lepidus 
 

1 
 

1 

Undetermined 7 11 
 

18 

Total # nests 85 45 40 170 

 

  



 

Appendix 11.  Wildfires and nests within drop exclusion zone, 13th Division, JBLM, WA in 2014 

 



 

Appendix 12.  Streaked Horned Lark detection locations and nests, 13th Division, JBLM, WA in 
2014 

 






