November 1, 2021
Ms. Stacey Zee
SpaceX PEA, c/o ICF
9300 Lee Highway
Fairfax, VA 22031
Transmitted via electronic mail to SpaceXBocaChica@icf.com
RE: Comments on SPACEX Draft Programmatic Environmental Assessment for Starship/Super
Heavy Program
Dear Ms. Zee,
On behalf of Coastal Bend Bays & Estuaries Program (CBBEP), please accept these comments on
the Draft Programmatic Environmental Assessment ("Draft PEA") for the Starship / Super Heavy
Program ("project") by SpaceX, relating to the construction and operation of new testing and
launch infrastructure and engaging in associated activities.
The CBBEP Coastal Bird Program has been conducting habitat management, monitoring, and
research on avifauna of the Texas coast since 1999. While initially focused in the Coastal Bend
area, the program’s focus has increased its geographic scope and scale of activities in the Lower
Laguna Madre and Lower Rio Grande Valley region over the past ten years. Since 2017, we have
been conducting monitoring and research in the Boca Chica area, primarily on lands of the
Lower Rio Grande Valley NWR (LRGVNWR), Boca Chica State Park, Brazos Island State Park, and
state-owned submerged lands including the Gulf beach. By way of this comment letter, we wish
to contribute the results of findings relevant to the environmental impacts already incurred in
the area, and to add records of species occurrence that were evidently not available to the
preparer(s) of the Biological Assessment.
Using data from surveys conducted on Piping Plovers in the area between 2018 – present, we
modeled population abundance and survival rates over four nonbreeding seasons and the three
intervals between them. This analysis indicates the Piping Plover population has decreased by
~54% over the course of three years (from over 300 to below 150), survival rates are low
compared with other published estimates for the species, the downward trend is significant
and continuous, and these findings suggest the area may be becoming a population sink. We
incorporate the attached report “Piping Plover population abundance, trend, and survival at
Boca Chica 2018-2021” as part of our comments.
A study of nesting activity of Wilson’s and Snowy Plovers in the area was also conducted during
the five breeding seasons of 2017-2021. We incorporate the attached report “Nesting of Snowy

and Wilson’s Plovers at Boca Chica 2017-2021” as part of our comments. The results indicate
that the population of Snowy Plovers nesting in the area has declined significantly throughout
the area, and that both species are now nearly absent from the vicinity of the Vertical Launch
Area (VLA), where they were previously common.
For reference, we have conducted similar analyses at other sites on the Texas coast over the
same time periods and detected no alarming negative trends. The timeframe of these studies is
temporally consistent with the major buildout and testing of SpaceX infrastructure, rocket
components, and Starship prototypes from 2019-2021. These findings indicate the associated
activity has had negative impacts to wildlife well beyond the applicant’s property boundaries.
Critical Habitat Unit TX-1 for Piping Plover encompasses 7,217 acres in the area. This site is
considered one of the single most important wintering areas for the species anywhere in its
range. The species’ spatial use of the site is dependent on highly dynamic processes of
inundation and exposure of the tidal flats by marine waters which is partly driven by lunar tides
but dominated by wind on shorter temporal scales. This means the wintering population there
depends on the sum of all parts of the habitat mosaic. If the activities thus far have resulted in a
loss of over half of the population there, it indicates the entire unit is being affected, and the
environmental analysis needs to evaluate the impacts to the entire area.
It is not clear what has happened to the “missing” plovers. Some possibilities include direct
mortality from explosions/tests (heat plume, blast overpressure, falling debris), chronic injury
to internal organs from those operations, loss of habitat due to damage from debris recovery
activities, or avoidance/displacement due to frequent noise and testing. Surveys in other parts
of the area do not indicate the birds simply “went somewhere else,” nor is that likely as the
species is known for very high site fidelity, so the losses do appear to represent real losses to
the entire population.
Our analysis on Piping Plovers was facilitated by the fact that it is the only species in the area
that has been subject of an extensive marking program on breeding grounds, resulting in a
significant proportion of uniquely-identifiable individuals. It is reasonable to assume that the
factors that have resulted in this sharp decline on this species are also affecting many others
that occupy the area in greater abundance.
With these clear indications that environmental impacts are extending well beyond the range of
the construction and operational areas up to this point, we recommend that the full scale of
impacts to these and other wildlife be evaluated in a full Environmental Impact Statement.
As FAA is aware, the original EIS published in 2014 (and Biological Opinion) did not anticipate
activities and construction of the magnitude that has subsequently occurred, nor did it consider
the impacts from using it as a testing site. Inherent in testing is failures, which in this case often
means explosions sending debris far off site into sensitive wildlife habitat. The applicant refers
to these explosions as “anomalies,” but there is nothing anomalous about a test failure, since
failure is inherent in the testing process. These failures have spread debris far into surrounding
lands of LRGVNWR and Boca Chica State Park, which has resulted in extensive habitat damage,
in addition to imposition of additional burdens on limited resources of USFWS and TPWD. While
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the Draft PEA appears to accept that more anomalies can and will happen in the future (the
additional 300 closure hours for debris removal), the impacts of these anomalies on
surrounding lands is not evaluated at all. The document suggests that any damage will be
remediated through restoration, no detail is provided as to how that would occur. We are
aware of no successful method of restoring these highly sensitive tidal flats, especially those
with a blue-green algal layer which have developed over many hundreds of years.
The extensive buildout at the Launch and Landing Control Center in the past two years has
converted much of the Mesa del Gavilán into impermeable surfaces, which has evidently
become problematic for the company’s operations during periods of high rainfall. As a
consequence, multiple drainage ditches have been dug draining the surfaces of industrial sites
directly into the adjacent tidal flats of LRGVNWR properties. This appears to be affecting
vegetation dynamics in this highly sensitive habitat. Because the original EIS never
contemplated this level of development, these types of impacts to surrounding lands were
never considered. Though the applicant seeks to limit the consideration of impacts under this
Draft PEA to the activities associated with launches at the VLA, the scope of the current
activities and those associated with the proposed expansion clearly illustrate the
“connectedness” of the full operation and cumulative impacts need to be considered in a
comprehensive Environmental Impact Statement.
The Noise Assessment presented in the Draft PEA provides noise contours using several
measures, all associated with the frequency range of human hearing (decibels). While these
measures may be appropriate for projecting impacts to the human environment, there is no
mention of the potential impacts to wildlife. A large proportion of the area of high value to
wildlife would experience SEL noise levels exceeding 130 dB. Various studies on birds and other
wildlife demonstrates that significant behavioral and physiological impacts can occur at noise
levels much lower than those they would experience at the sound levels projected for this
project. Also, since Starship prototype launches and landings have already been occurring at
the site, wildlife has already been exposed to levels associated with those activities. Impacts
from noise can manifest effects in wildlife in numerous ways (loss of hearing, difficulty
communicating, increased stress levels, avoidance of otherwise suitable habitat – functionally
equivalent to habitat loss, and various carry-over effects on fitness and reproduction). An
analysis of noise impacts should include a thorough evaluation of impacts to wildlife.
The frequency and duration of highway and beach closures has had significant impact on our
own research activities over the past three years. Two studies that optimally require up to four
site visits per week with no more than two days between visits have been curtailed due to the
impracticality of planning fieldwork when closure announcements and revocations occur so
frequently and without sufficient advance notice. Instead of hiring staff to work on our
monitoring and research projects there, we were forced to reallocate an existing staff person’s
time to cover those projects. This required constant monitoring of closure notifications from
Cameron County and emails from SpaceX to find time windows in which to accomplish the
work. While the level of effort was sufficient to accomplish the main objectives of one of our
projects, another had to be shelved.
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The impacts of closures on the public needs to be clearly evaluated based on real scenarios, for
which there is already a substantial record. We have been tracking the closure notices since
2019, and the sums of our closure calculations have exceeded 1,000 hours in both 2019 and
2020, and total 546 hours thus far in 2021 (through October 29). These estimates are similar to
those kept by USFWS Refuge staff. The definition of closure for the purpose of calculating
closure time as presented in the Draft PEA is based entirely on the decision by SpaceX (or
county deputies) to place and remove barriers, and to enact or revoke closures without
sufficient notice to the public. This definition in no way reflects the real impacts to the public.
If the effect on the public of 180 hours of closure (based on the current Memorandum of
Understanding between Texas General Land Office and Cameron County) is in reality closer to
1,000, then the impact of the 800 hours of closure proposed in this Draft PEA can be expected
to be substantially greater than that (over 5,500 hours at that rate). While FAA is not directly
involved in the mechanism by which closure hours are granted, calculated, or enforced, the
issue of closures is relevant to the analysis of Section 4(f) use and Environmental Justice
impacts, which do fall under the purview of the Draft PEA. The effect of 800 hours of
operational closure (500 plus 300 for post-“anomaly”) needs to be evaluated in light of the
actual impact to the public, incorporated into the Section 4(f) and Environmental Justice
impacts, and that information needs to be presented to the public prior to authorizing any
additional closure time.
We would like to provide additional information and context to be considered relative to items
presented in the Biological Assessment (BA).
On page 62 of the BA (Section 5.3.1), it is stated that “recent records (2011–2016) indicate no
eastern black rail breeding in Cameron County.” We would like to notify the applicant of several
more recent records that may not have been available to the preparer of the assessment. On
June 2, 2019, an adult male eastern Black Rail was captured in Cameron County on a tract of
Laguna Atascosa National Wildlife Refuge just south of Arroyo Colorado (Mark Conway,
unpublished data). Additional records on June 10, July 5, and July 16, 2019, and March 23, 2020
(CBBEP, unpublished data) – two of which involved multiple birds at the same site and were at
sites several kilometers apart – are within seasons indicating the species is present as a breeder
in Cameron County. These records were all from habitats characterized as low halophytic
vegetation (e.g. Distichlis spicata, Borrichia frutescens, Rayjacksonia phyllocephala, Salicornia
spp.). This vegetation type is common on supratidal soils that fringe tidal flats and mangroves in
south Texas, and which do occur in the Boca Chica ROI. The records are from areas that have
not been well-surveyed previously, and given that this species is highly secretive, they suggest
the species may be more common in the county than previously thought. The evaluation of
potential impact to this species should be revisited based on the additional information
provided.
Several statements in the BA regarding the use of the area by Piping Plover are misleading
and/or require consideration of additional sources. The conclusion that “there is other habitat
nearby that the piping plover could use” (page 64) based on the total acreage of designated
critical habitat in the state of Texas makes no ecological sense. The statement in the BA is not
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supported by any citations, nor are we aware of any published literature indicating that it is in
fact true for this species (or many others). It ignores the fact that the species is highly site
faithful and that their home range is comprised of a mosaic of important habitats in a close
vicinity. Piping Plovers wintering in the Boca Chica area are highly likely to return the following
year, regardless of the suitability of habitat. The habitat has historically been very highly
suitable for the species, as evidenced by many records not cited here. Zonick (2000) regularly
encountered the species in flocks exceeding 200 individuals, and Maddock (2010) encountered
239 during one survey as recently as 2009 (for reference, these documents are also provided by
attachment to the email transmittal). These surveys were not comprehensive surveys of the
area, nor modeled estimates, so they represent only a minimum number of birds present. Our
modeled point estimate (in attached report) was 308 individuals during the 2018/19
nonbreeding season. These data make the site one of the single highest concentrations of the
species in its entire range. The use of partial surveys to assert that piping plovers are “not
known to use areas within the action area in large numbers” (page 64) is highly misleading and
not supported by a careful reading of the cited references. The assessment needs to be
corrected and impacts considered based on the additional information provided here.
The BA states that “none of the land near the LLCC contains PCE for wintering piping plover
habitat.” Though the term “near” isn’t clearly defined, the LRGVNWR lands immediately
adjacent to most of the LLCC provides extensive unvegetated tidal flats that constitute PCE for
the species.
The BA incorrectly asserts that the Red Knot is a “transient winter visitor to Boca Chica Beach”
(page 66). The term “transient” suggests rare or occasional use, while the documented
occurrences of the species in the area suggest it is far more common. Further, they utilize not
only the Gulf beach but also the extensive tidal flats both north and south of Highway 4. On
September 29, 2021, we documented 1,225 knots foraging and roosting in the flats to the north
of the LLCC (unpublished data). This represents a substantial proportion (over ¼) of the
presumed migratory and wintering population for the species in the western Gulf of Mexico.
The records of occurrence indicate that a greater level of consideration of the species’ use of
the area is warranted in assessing the project’s impacts to the species.
In addition to the previous comments, the lack of sufficient detail about the proposed major
additions of infrastructure (power plant, natural gas plant, liquefier, desalination plant) and
their potential impacts, the fact that no other alternatives other than the “no action”
alternative are considered, and the absence of any proposed mitigation for this project make
this Draft PEA inadequate. We recommend that a full Environmental Impact Statement be
prepared which takes into consideration the numerous cumulative impacts this project would
have on the area if the applicant wishes to move forward.
Sincerely,

David Newstead
Director, Coastal Bird Program
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Attachments:
Piping Plover abundance, trend, and survival at Boca Chica 2018-2021. Report by CBBEP Coastal
Bird Program
Nesting of Snowy and Wilson’s Plovers at Boca Chica 2017-2021. Report by CBBEP Coastal Bird
Program
Additional referenced literature:
Maddock, S.B. 2010. Wintering Piping Plover Surveys 2008-2009, Boca Chica, Texas to Marco
Island, Florida. Report to Canadian Wildlife Service. 34 pp.
Zonick, C.A. 2000. The winter ecology of Piping Plovers (Charadrius melodus) along the Texas
Gulf Coast. PhD Dissertation. University of Missouri-Columbia. 180 pp.
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PIPING PLOVER POPULATION ABUNDANCE, TREND AND SURVIVAL AT BOCA CHICA 2018-2021
Report by Coastal Bend Bays & Estuaries Program – D. Newstead and B. Hill
22 October 2021
INTRODUCTION
Piping Plovers are known to be highly faithful to wintering sites. Habitat used in winter consists mainly
of Gulf beaches, and tidal flats (“mud flats,” “algal flats,” “sand flats” are commonly used descriptors).
The species’ preference for one habitat or another is largely a function of habitat availability. High water
levels that inundate the tidal flats reduce potential habitat there, at which time they are often found on
the Gulf beach. While daily lunar-driven tides are relatively minor in the western Gulf of Mexico,
seasonal tides are a more influential driver of habitat availability. Overall, tides tend to be highest in
spring and fall periods, and lowest in summer and winter periods. Weather can have a strong overriding
influence on this (e.g. storm surge from tropical systems, strong cold fronts), so plover habitat usage is
not strictly a function of season.
The Boca Chica area is unique in that the inundation/exposure regimes of the flats north and south of
the highway often alternate (Fig. 1). The north side becomes inundated when tides or strong northerly
winds drive water through the pass into South Bay off the Brownsville Ship Channel. When this happens,
water can be driven off the flats on the south side of the highway, “dewatering” those flats via a
mangrove-lined connection to the Rio Grande near the rivermouth. When winds reverse, the opposite
occurs. Flats that have recently become exposed after inundation provide preferred habitat for Piping
Plovers and many other shorebirds, as prey items are still close to the surface. Blue-green algal mats are
also an important foraging strata, where they forage on dipteran larvae that grow in cracks and crevices
of the desiccated surface algal layer (Zonick 2000). Plovers are often found in groups when on the flats,
and sometimes in groups exceeding 100 individuals. This would constitute an exceptionally large
concentration in most parts of the species’ winter range, but in the past it has not been uncommon at
Boca Chica to encounter groups of 200 or more (Zonick 2000, Maddock 2010). When flats are not
available, they are more frequently found on the Gulf beach, where they are often quite territorial to a
given linear stretch of beach. This mosaic of multiple habitat options – at least one of which is virtually
always available to them – in a relatively confined area makes this site of unique importance for the
species.
Piping Plovers depart their breeding grounds and arrive on the Texas coast as early as mid-July, and
generally stay until at least March or April before returning north to breed. Based on previous
radiotelemetry projects (Drake et al 2001, unpubl. data), most Piping Plovers are very territorial while on
the beach and have small home range sizes throughout the full nonbreeding season. However, several
birds captured in late September to mid-October (our study) on Padre Island National Seashore
wintered further south in the Lower Laguna Madre including one that wintered in the flats at Boca
Chica/South Bay.
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Figure 1. Study area including Piping Plover Critical Habitat Unit TX-1 outline in red.

Over the past 30 years there have been multiple banding programs on the species’ breeding grounds.
Most plovers that migrate to and winter in south Texas are from the Northern Great Plains (including
Prairie Canada) and Great Lakes populations (Gratto-Trevor et al 2011). Birds captured for those projects
were uniquely marked with a combination of color bands/flags and/or a leg flag with a unique
alphanumeric code. Incorporating encounter histories of these birds – including the original marking and
subsequent resightings – as well as proportions of marked and unmarked individuals into population
models allows for estimation of important population parameters, including abundance and survival.
The objective of this analysis was to estimate population abundance, trend, and survival of Piping
Plovers in the Boca Chica/South Bay area.
METHODS
From late summer 2018 through fall 2021, we conducted surveys of Piping Plovers in the Boca
Chica/South Bay area. The site is designated Critical Habitat Unit TX-1 for Piping Plover. Surveys were
conducted along the Gulf beach, and in the tidal flats north and south of State Highway 4 (Fig.1).
Beach surveys were conducted as a linear transect covering the Gulf beach from the south jetty of
Brazos Santiago Pass on the north end to the Rio Grande/Bravo rivermouth (international border) to the
south. A skilled observer drove the beach slowly in order to detect Piping Plovers before they might be
flushed. A GPS point was recorded for each individual observed. Each encountered plover was observed
using binoculars and/or a spotting scope to determine if it was uniquely marked. If marked, the full band
color/leg flag combination was recorded. If the observer was unable to read the full combination, it was
recorded as “marked but unread.”
On the flats, a skilled observer familiar with habitats and behaviors of Piping Plovers used binoculars or a
spotting scope to locate individuals or flocks from the highway or other access point, and then
approached on foot. A GPS point was recorded in approximately the center of the flock. The whole flock
was counted, and then the entire flock (or a sample in the case of a few very large flocks) were closely
observed to determine how many marked and unmarked individuals were present. Once the ratio had
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been recorded, the observer recorded the band combination of all uniquely marked plovers. In some
cases, not all marks could be read.
In addition to records of individuals uniquely-marked on breeding grounds, we captured and marked
four additional plovers at Boca Chica during the study (one in fall 2018, three in fall 2019) and these
encounter histories were included in the analysis.
We used a Mark-Resight model in Program MARK to estimate abundance and other demographic
parameters. Specifically, we used the Zero-Inflated Unidentified Marks Poisson Mark Resight Robust
Design across Primaries model type (a type of zero-inflated Poisson log-normal estimator, hereafter,
ZPNE). The ZPNE model allows for the estimation of the total population size by incorporating data
describing temporal patterns in the number of both marked and unmarked individuals within a study
system. This model assumes geographic closure within a single survey period (hereafter, primary
period), but allows individuals to leave the population via mortality or permanent emigration (i.e.,
apparent survival; φ) between primary periods.

Encounter histories were compiled for each individual for each of the primary periods of the time range.
A primary period consisted of all surveys conducted within a nonbreeding period (“year”). The year
began with surveys following the arrival of birds from breeding grounds (earliest survey date July 24)
and continued until as late as February 20. Each survey is considered a secondary occasion, and were
grouped into 4 primary periods, with a varying number of secondaries in each: 2018/19 (16); 2019/20
(12); fall 2020 (9); and fall 2021 (8). The numbers of “marked unidentified” and “unmarked” for each
primary period were also incorporated into the data structure to allow for an unbiased estimate of the
total overwinter population size. As the number of marked birds within the system on the initial time
step was considered known, we constrained the presence parameters (w and g) to 1.0 (McClintock
2021). Likewise, as zero banded birds were observed beyond the confines of the study system during
the overwinter period, we fixed the temporary emigration parameters (γ`, γ``) to zero to allow for the
apparent survival (φ) and resight parameters to fully estimate. Models allowing the other parameters
(σ2 – individual heterogeneity across primaries; φ – apparent survival between primary occasions) to
vary among years or remain constant were tested to determine the most parsimonious fit.
To assess the potential for immigration or emigration of individuals to or from the study area between
occasions, we searched other datasets of similar surveys in the Mustang and North Padre Island areas
(near Corpus Christi) and South Padre Island (just north of Boca Chica) for records of the individuals
encountered at Boca Chica. The Boca Chica area was considered the terminal wintering site.
RESULTS
A total of 379 observations of 85 uniquely marked Piping Plovers were recorded in the surveys. With the
exception of the four individuals captured at Boca Chica, all others were originally marked on breeding
grounds in the Northern Great Plains.
The model allowing α, σ2, U, and φ to vary with time (with w and g fixed to 1.0 and γ` and γ`` fixed to
0.0) was the only model that properly estimated all real and derived parameters.

The point estimates (N� ) indicate the wintering Piping Plover population at the site declined from
approximately 308 to 142 over the course of three years, a 54% decline (Table 1, Fig. 1) since 2018 (= the
2018/19 nonbreeding season). The decline between the first and second years was over 38%, and the
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trend continued downward in the following years. None of the confidence intervals in the last three
years of the study overlap with the initial year. The fit of a linear trend through the point estimates over
time was 0.82.
Apparent annual survival (φ a) measured in this study ranged between 0.57-0.62 (Table 1). Since all
marked birds in this study were breeding-age adults prior to entering the study area (or for those
banded on site – were breeding-age adults at capture), these estimates reflect adult apparent annual
survival.
Table 1: Population size (N� ), encounter probability (p̂*) and annual survival estimates (φ a) with lower/upper 95%
confidence intervals for Piping Plovers at Boca Chica. “Year” is the calendar year of the beginning of the
nonbreeding period (i.e. “2018” is fall and winter beginning 2018, ending 2019).

Year
2018
2019
2020
2021

N�
308.0
189.0
147.8
141.8

LCI
(95%)
260.7
146.1
118.2
86.6

UCI
(95%)
363.8
244.4
184.9
232.3

LCI
(95%)
0.83
0.72
0.84
0.49

p̂ *
0.91
0.83
0.93
0.81

UCI
(95%)
0.95
0.91
0.97
0.95

φa
-

0.57
0.62
0.61

LCI
(95%)

UCI
(95%)

-

-

0.43
0.44
0.30

0.69
0.78
0.85

400
350
300

N-hat

250
200
150
R² = 0.8161

100
50
0

2018/19

2019/20

2020

2021

Year
Fig. 1. Population estimate (including 95% confidence intervals) and trend of Piping Plovers at Boca Chica, 20182021.
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DISCUSSION
The overwhelming provenance of marked individuals from the Northern Great Plains (NGP) breeding
population suggests plovers wintering at Boca Chica are almost entirely associated with that population
(the two other breeding populations – the Great Lakes population of C. m. circumcinctus and the coastal
Atlantic C. m. melodus population – had even more extensive banding programs during this timeframe
but were not detected at the site during the study period), consistent with results of a range-wide
connectivity analysis (Gratto-Trevor et al 2011). While birds from the far smaller Endangered Great
Lakes population have been documented at the site in the past, none were detected at the site during
this study.
The NGP breeding population is estimated at 4,700 individuals (Andres et al 2012). The population point
estimate at Boca Chica in the first year of the study (~308) represents approximately 6.5% of that
population while the point estimate in 2021 (~142 individuals) represents 3.0%. With no evidence that
birds have changed wintering areas, this would suggest the NGP population experienced a ~3.5% decline
over the period solely based on the trend at this specific site. Alternate hypotheses are that the entire
NGP population has undergone a >50% decline in only four years, or that the population is in fact stable
but greater numbers of unmarked individuals are now occupying other sites. The former hypothesis has
no support, as such a catastrophic decline would not escape notice of many field-based projects on the
species both in breeding and other wintering areas. While the latter hypothesis is plausible (it would
require similar analysis of concurrent years at many other sites across the wintering range to test),
wintering site fidelity is known to be very high with this species. If this hypothesis were correct, we
would likely have detected at least some of these individuals at other wintering sites (none were).
Based on this model and data structure, the survival estimates represent the probability of an adult bird
surviving from one nonbreeding season to the next. Since the nonbreeding season for Piping Plovers at
the site is fairly long (~8 months), it cannot be definitively determined what part of the annual cycle is
responsible for the highest component of the mortality (the inverse of survival). This model estimates
“apparent” survival, assumed to be equal or lower than “true” survival which is the sum of apparent
survival plus emigration from the site (a bird that survived but is no longer “available” to be seen at the
site). However, none of the birds in this study were detected in other surveys in the most adjacent
suitable habitat (Laguna Madre shoreline of South Padre Island), suggesting emigration is unlikely to
have been a significant component of the inverse of apparent survival (i.e. the decline more likely
reflects true mortality). The propensity for individuals to remain faithful to a wintering site despite high
disturbance and/or degraded habitat quality can lead to lower site-level survival (Gibson et al 2018) as
seen in this study.
Breeding-ground-based studies have yielded adult apparent annual survival estimates between 0.690.81 (Larson et al 2000; Roche et al 2010). Using a Barker model which approximates true survival
(accounting for movement in/out of a site), Cohen and Gratto-Trevor (2011) estimated annual survival
at 0.80 for adults for the studied Prairie Canada component of the NGP population. Similarly, a study
incorporating both breeding and nonbreeding areas estimated apparent annual survival of the Texas
population at 0.80 (Ellis et al, in press). Given the geographic scope of that study and very limited
evidence of emigration, the authors suggest the apparent survival estimates closely approximate true
survival.
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Estimates from nonbreeding-ground-centric studies are more variable. Gibson et al (2018) estimated
true survival at a range of sites across the southeast US Atlantic coast between 0.50-0.92, linking lower
survival rates with sites experiencing higher levels of anthropogenic disturbance (a composite metric
incorporating recreational beach usage and shoreline modification). The only sites in that study with
lower survival estimates (0.50 and 0.55) than in our study were geographically proximate, not truly
independent, and one was undergoing a significant natural loss of suitable habitat during the studied
interval while the other had high levels of anthropogenic disturbance. Estimates of site fidelity in the
Gibson et al (2017) study ranged from 0.73-0.91. While we did not explicitly measure site fidelity in this
study, the fact that none of the uniquely-marked individuals detected in the study were ever detected in
nearby sites in the winter suggests fidelity was very high. This would mean our apparent survival
estimates are likely a close approximation to true survival.
A simulation study on the US NGP population of Piping Plovers (i.e., this study population, in part)
demonstrated that variations in adult survival have the strongest potential to affect population trends
compared to other demographic rates (McGowan and Ryan 2009). This means relatively minor
decreases in adult survival across the population would likely accelerate population declines. A drastic
decrease in survival at a key site such as this could have similar consequences.
The results of this study indicate a rapid and substantial loss of the population of Piping Plovers at the
site (and to the NGP population), and that it may be functioning as a population sink.
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BACKGROUND
Snowy Plovers (Charadrius nivosus) and Wilson’s Plovers (Charadrius wilsonia) are two species of small
shorebirds that nest on open and sparsely-vegetated marine and estuarine flats along the coast of
Texas. The Boca Chica area – comprising lands protected for their outstanding wildlife value as parts of
Lower Rio Grande Valley National Wildlife Refuge, and Boca Chica and Brazos Island State Parks –
contains some of the most extensive expanses of this type of habitat anywhere throughout the species’
range. Both species are on the 2016 State of North America’s Birds Watch List, meaning they are
species most at risk of extinction without significant conservation actions to reverse declines and
reduce threats (NABCI 2016). Their populations are facing many threats throughout their breeding
range, with habitat loss and degradation, caused by increasing development and recreation on the
coasts, being one of the primary threats (Page et al 2009). Plovers are also susceptible to disturbance
on nest sites by beachgoers, pets, predators and vehicular traffic. When plovers leave their nests due
to disturbance, the eggs are exposed to the elements and possible predation (Corbat and Bergstrom
2000).

STUDY SITE
The study area is located in the Boca Chica Subdelta of the Rio Grande in southeastern Cameron
County, Texas (USFWS 2012). The Boca Chica area is bordered on the south by the mouth of the Rio
Grande River and on the North by the Brownsville Ship Channel and South Bay (Fig. 1). Habitats within
the area includes wide expanses of coastal grasslands and lomas mixed with wind tidal flats and a 7mile stretch of coastline with associated dunes. The expansive tidally-influenced flats at Boca Chica
provide important foraging and roosting habitat for many shorebird species including a large
population of Piping Plovers (listed Threatened under Endangered Species Act) during the nonbreeding
season.
TX Highway 4 is a state highway which runs east to west through the habitat all the way to the Gulf
beach. The federally- and state-protected lands are open to foot traffic and the beach is the only part
of the tract that is open to vehicular access. In recent decades, some visitors used off-road vehicles to
access distant parts of the properties, driving through sensitive tidal flat habitat and especially along
the upper edge of this habitat where plovers are normally inclined to nest. South Bay, on the north side
of Boca Chica, is a popular kayaking/fishing spot typically accessed through the flats or from the beach
through the overwashes. There have been efforts in recent years to reduce vehicular traffic in the flats
and through overwashes using signage and bollard/cable.
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Figure 1. Boca Chica study area with four study sites in yellow, and the general location of the SpaceX facilities marked by red “X.” The
LLCC is the Launch and Landing Control Center; the VLA is the Vertical Launch Area. Google Earth imagery has not been updated for this
area since SpaceX began major conversion of the two sites for rocket production and testing/launching.

The area has historically had a very light human footprint, with only a small subdivision of homes in
one area where the land rises a few feet above the surrounding tidal flats. However, in 2014, SpaceX
selected the area for development of a launchsite for Falcon 9 and Falcon Heavy class rockets. That
project was evaluated by an Environmental Impact Statement (EIS) issued by the Federal Aviation
Administration (FAA). In 2017-2018, there were relatively minor levels of construction activity in the
Vehicle Launch Area (VLA) site on the property on the south side of Highway 4 just west of the
entrance to the Gulf beach. In 2019, construction activity began to increase both at the VLA and the
Launch and Landing Control Center (LLCC) further west. Pressure-testing of rocket components and
static-fire testing of rocket engines began at the VLA in 2019, and increased in frequency and intensity
through 2021 as Starship prototype rockets underwent component testing and launch attempts
(Wikipedia, “SpaceX South Texas launch site,” accessed 1 November 2021). Several events during this
3

phase directly affected the study area, including two fires that ignited via flaming debris ejected from
the VLA, and multiple rocket prototype explosions that sent large pieces of debris into the surrounding
federal and state protected lands (including this project study area). People and equipment traversed
much of the Launchsite Vicinity study site during debris recovery operations, especially during the 2020
and 2021 breeding seasons. The original proposed project for launching Falcon 9 and Falcon Heavy
rockets never happened at the site, and the major expansion in production facilities and associated
infrastructure, and the testing and launching of a much more powerful series of rockets did not
undergo a new EIS. As of October 2021, the FAA is reviewing potential impacts of a far more expansive
project including addition of a power plant, a gas plant, liquefier, desalination plant and redundant
launchpads in addition to testing the largest rocket ever proposed for launch from earth.
We have been monitoring the nesting activity of Snowy and Wilson’s Plovers in the Boca Chica area
since 2017. The purpose of this report is to describe the spatial distribution and trends in nesting
activity over that timeframe.
METHODS

The study area was monitored beginning in February in each year and continued until the last nest
either hatched or failed, typically in mid-July. The area was searched by either walking through or
adjacent to each site and scanning with binoculars for either incubating birds, or more frequently,
behavioral cues that indicated nesting activity. Both species typically leave an active nest well in
advance of arrival of a perceived threat, and vocalize and/or feign injury to distract the threat and
draw it away from the actual nest. These cues allowed an observer to find nests by moving away so
that they were no longer perceived as a threat and observing from a distance as a bird returned to an
active nest or chicks. GPS locations were recorded for each nest encountered.
The study area represents only a portion of the suitable habitat available at Boca Chica. This was the
maximum area that could feasibly be surveyed by 1 person on foot in a day. These areas were chosen
for their relative ease of accessibility and for habitat suitability for nesting Wilson’s and Snowy Plovers.
The study area was divided into four discrete “sites” for the purpose of this analysis (Fig. 1). The
Launchsite Vicinity site was expanded slightly in 2019 to incorporate some additional nesting area that
was not covered in 2017 or 2018. Wilson’s Plovers were found to be nesting in that area in 2019 but
Snowy Plovers were never encountered there. Since the area provides less preferable habitat for
Snowy Plovers, data for that site is considered complete for 2017-2021 for that species, and from
2019-2021 for Wilson’s Plovers.
For each nest check, the time, number of eggs or chicks, and signs of disturbance within 50 meters of
the nest were recorded. Signs of disturbance include an actual sighting of a predator species or tracks
left behind of a predator or a vehicle since the previous nest check. For each nest, an initiation date
(estimated or actual date of first egg laid), incubation date (estimated or actual date of last egg laid and
beginning of full-time incubation), and a projected hatch date (incubation date plus species incubation
period) were recorded. A nest was recorded as hatched if chicks were observed in or around the nest
bowl, pipping fragments (indicating a hatched egg) were found in the nest bowl, eggs that were
pipping on the previous visit were gone on the next visit, or if adults from the nest were behaving in
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ways that indicated they had chicks hiding nearby. A nest was recorded as failed if it was gone starting
several days before its estimated hatch date; if heavy rains or high tides recently occurred, or the nest
site was covered in water, it was labeled as washed out; if predator tracks led to the nest, broken eggs
with yolk were found, or the eggs had otherwise disappeared with no chance of having hatched, it was
labeled as predated. Other causes of failure may have been abandonment by parents or human
disturbance. A nest was recorded as having an unknown fate if it could not be definitively determined
that the nest hatched or failed.
As part of a long-term study on survival and dispersal, some birds were captured and leg-banded with a
unique color band combination to allow for identification of unique individuals upon encounter in the
future.
RESULTS
Survey frequency during the nesting season varied between 0.74 surveys/week in 2018 to 2.75
surveys/week in 2019. There was a weak relationship (R2 = 0.379) between survey frequency and
number of nests found.
Across the project study area, the number of Snowy Plover nest attempts ranged from a high of 56 in
2019 to a low of 4 in 2021; Wilson’s Plover nest attempts ranged from a high of 20 in 2017 and 2019 to
a low of 9 in 2020 (Table 1).
Species
Snowy
Plover

Wilson's
Plover

Site

2017

2018

2019

2020

2021

TOTAL
Launchsite Vicinity

37
13

32
7

56
11

37
4

4
0

non-Launchsite combined

24

25

45

33

4

Boca Chica Flats

13

13

18

16

2

South Overwash

0

3

3

0

0

North Overwash

11

9

24

17

2

TOTAL
Launchsite Vicinity

20
a*

13
a*

20
4

9
2

13
1

non-Launchsite combined

20

13

16

7

12

Boca Chica Flats

11

5

7

3

1

South Overwash

2

7

7

2

6

North Overwash

7

1

2

2
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Table 1. Number of nest attempts recorded for each species in the respective sites from 2017-2021. a* - the part of this
site where Wilson’s Plovers were detected nesting in 2019 was not covered in 2017 or 2018.

Time trends were compared between the Launchsite Vicinity and the three other sites combined. All
time trends for both species and the site comparisons were negative. Variability between years in
number of nest attempts at non-Launchsite Vicinity sites resulted in low R2 values, while the
correlation was much stronger in the Launchsite Vicinity (Figs. 2 & 3). In the Launchsite Vicinity site,
there were no nest attempts by Snowy Plovers in 2021, and one attempt by Wilson’s Plovers. Site maps
showing locations of nest attempts are provided in Appendix I following the text of this report.
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At specific sites within a year, hatching success ranged from 0.0 to 1.0, but in many cases these rates
are based on only one or a small number of nests. Across all sites within years, nest success ranged
from 0.11-0.30 for Snowy Plovers, and 0.16-0.56 for Wilson’s Plovers. Actual hatch rates may be
slightly higher, as it was not always possible to determine nest fate especially when effort was limited
by closures. Combining all nests monitored across sites and years, minimum overall hatch rate was
0.22 and 0.29 for Snowy and Wilson’s Plovers, respectively, while unknown nest fates constituted 0.38
and 0.30 of all nest attempts.
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Figure 2. Number of nest attempts by Snowy Plovers at the Launchsite Vicinity site and the other three sites combined, 2017-2021.
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2021

Nesting season
Figure 3. Number of nest attempts by Wilson's Plovers at the Launchsite Vicinity and the other three sites combined, 2017-2021. The area
within the Launchsite Vicinity where Wilson’s Plovers were detected nesting in 2019 was not covered as part of this site in 2017 or 2018.

Foot and vehicle traffic generally increased throughout the area near the VLA and LLCC over the
duration of the study. In addition to security personnel, tourists entering the flats seeking photos of
the launch area from various angles have also increased over time. Photos illustrating nesting habitat
and anthropogenic disturbances are provided in Fig. 4.
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Figure 4. Photos from LRGVNWR and Boca Chica State Park: A) Wilson’s Plover nest in sparse halophytic vegetation, 2017; B) Snowy
Plover nest on open ground in flats, 2017; C) brood of three Snowy Plover chicks sheltering in sparse halophytic vegetation, 2020; D) ATV
tracks near an abandoned Snowy Plover nest (red circle), 2017; E) truck and ATV tracks across nesting and foraging habitat of tidal flats,
2017; F) a Snowy Plover nest recently crushed by a truck tire, 2020; G) one of many vehicles encountered mired in tidal flat sediments,
April 2019; H) deep rutting following removal of mired vehicles, April 2019; I) debris from SN11 explosion spread across Boca Chica State
Park flats north of VLA, March 30, 2021; J) large rocket piece on wet tidal flats on Boca Chica State Park, March 30, 2021; K) initial debris
assessment recovery efforts involving personnel on foot, March 30, 2021.

DISCUSSION
There was an overall negative trend in nesting activity across all sites combined. Somewhat greater
variability between years (not consistent downward trend) at the sites more distant from the launch
area may be more related to habitat conditions varying between years due to storms and abnormal
tides, and other stochastic phenomena, which can affect the availability and suitability of a site. That
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overall trend appears to be led by the decrease in Wilson’s Plover nesting in 2020, and the near
abandonment of the area by Snowy Plovers in 2021.
In the vicinity of the VLA, there was a sharp decrease in Snowy Plover nest attempts in 2020, and they
made no attempts in 2021 (average of 9.3 nests at site from 2017-2019). There are fewer years of data
of full coverage of that site for Wilson’s Plovers, but the three most recent years show a declining
trend. The single nest in the site in 2021 was initiated on May 22, well after the last major rocket
explosion on March 30, 2021 as well as the first Starship prototype that landed without exploding on
May 5. It hatched on June 18.
The number of nest attempts is not a direct proxy for “success” of the species at a site, since nests can
fail (through predation, destruction, flooding, etc) and mated pairs will often re-nest several times
through the season. Hence, a higher number of nest attempts can sometimes be an indicator of high
rates of failure. Observation of scatter plots of nest failures relative to attempts showed a strong
positive relationship across sites and years (meaning nest failures were more a function of nest
attempts rather than attributable to any specific site(s) or year(s)), however, the relatively high
proportions of attempts to which we could not ascribe a hatch/fail fate makes further exploration of
this relationship of limited value.
Both species are considered migratory, though there are considerable differences in their migratory
habits. Snowy Plovers breeding in the area show some capacity to disperse to different areas during
the nonbreeding season and likely wander into northeast Mexico. Those that stay in the area are
joined by others from the interior populations that breed in parts of north Texas, eastern New Mexico,
Oklahoma and occasionally farther north. Wilson’s Plovers are nearly wholly migratory. While small
numbers remain in Texas during the nonbreeding season, they are mostly gone, much further into
Mexico or Central America, between September and April.
Because of these differences, the species (and individuals) would vary in their levels of exposure to
activities related to rocket testing and launches at Boca Chica. Being absent from the area during
explosions would obviously reduce their exposure to noise, visual, and other immediate direct impacts
at the site. However, birds not present for six months might arrive in spring “naïve” about potential
threats that have increased during their absence, choosing nesting sites without that knowledge.
While frequency of surveys was lower in 2021 due to access restrictions, the reduced effort probably
did not substantially reduce the number of nesting attempts detected. In fact, the number of Wilson’s
Plover nests monitored in 2021 at all sites combined was actually slightly higher than in 2020 when
survey effort was substantially greater.
The trends suggest the area surrounding the VLA has been nearly completely abandoned by nesting
shorebirds as of the past year, and that causes of that decline may be having more far-reaching effects
by reducing nesting activity throughout the area.
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Appendix I. Locations of nest attempts within study sites of Boca Chica study area, 2017-2021.
n = 11
n=2

North
Overwash

n = 13
n = 11

n=0
n=6

n = 13
n=0

South
Overwash

2017

Launchsite
Vicinity

Boca Chica
Flats

Figure 5. Nest locations by site, 2017. Snowy Plover and Wilson’s Plover nests represented by white and yellow dots, respectively. SpaceX
VLA denoted by red X. The shaded area in Launchsite Vicinity site was not surveyed in 2017 or 2018.
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Figure 6. Nest locations by site, 2018. Snowy Plover and Wilson’s Plover nests represented by white and yellow dots, respectively. SpaceX
VLA denoted by red X. The shaded area in Launchsite Vicinity site was not surveyed in 2017 or 2018.
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Figure 7. Nest locations by site, 2019. Snowy Plover and Wilson’s Plover nests represented by white and yellow dots, respectively. SpaceX
VLA denoted by red X.
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Figure 8. Nest locations by site, 2020. Snowy Plover and Wilson’s Plover nests represented by white and yellow dots, respectively. SpaceX
VLA denoted by red X.
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Figure 9. Nest locations by site, 2021. Snowy Plover and Wilson’s Plover nests represented by white and yellow dots, respectively. SpaceX
VLA denoted by red X.
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