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SUMMARY

The Bureau of Ocednergy Management (BOEM) mayesrenewable energy development on
theUS OuterContinental Shelf (OCS). The OCS extends from the boundary of each state's
jurisdictional waters (generally 3 nautical miles offshore) to the outer boundary of the US
Exclusive EEonomic Zone<£200 nautical miles offshore). In the Atlantic OQ$742,252aaes
arepresently under lease agreement for development of comrmseeaial offshore wind energy
facilities (BOEM 2@0). The first activeoffshore wind energy facilitin the Unted Statesvas

the Block Island Wind Far(BIWF), a five 6MW turbine operatin in Rhode Island state
waters where we focused this research project

BOEM isconcerrdwith the potential impact afffshorewind energydevelopments owildlife
that occur fshore, includingnmigratory birds Birds that utilize offshore habitats mag
directly affected bycollisions withoffshore wind turbingor indirecty affected due taltered
flight patts ordisplacement fronforaging or resting aregB®rewitt and Langston 200&urness
et al. 2013Fox and Petersen 20)L&ssesingcollision risk is particularly challenging at
offshore wind energy facilitiege.g., Erickson et al. 2001, Thaxter et al. 20¥@jsus lanebased
wind energy facilitiesvhere carcasses can be found on the ground (Smallwood et al. 2020).
Thereforeyisk assessmeniis offshore environmentare typicallybased orspecies specific
estimates of exposute offshore wind turbineBurger et al. (20119ategorized estimated
exposure taoffshore wind energy facilitieat threenestedspatial scalesmacroscaleifdividuals
thatoccur withinageographiaegion of interest, in this caslee Block Island Wind Farm),
mesoscaledccurs ifindividuals are exposed at the macrostakel andfly within the Rotor
Swept Zone (RSZ) of wind turbing?9 to 189 mAboveSeal evel [ASL] at Block Island, and
microscale(occurs if individuals of the species are exposed at the macdmesoscakeand fly
within theRSZ of wind turbines.

In this study, weevaluatechutomated radio telemettgchnology and modeling methotbs
assesdird movements at BIWF. Automated radio telemetry consistepof high frequency
(VHF) transmitterg"transmitters'or "tags’) that are attached ("tagged") to friy@ng
animals and emiligitally codedsignals on a common radio frequency (i.e. 166138{X)
every 310 seconds. Signals are received by automated radio telemetry stagoas/ing
stations") consisting of one or more antennas attached to a structure (e.g. a mast or
building) and connected to a ddteyger programmed to recodata (inclaingtag ID, time
stamp, signal strength, and receiving antenna) of all tagged animals flying by. Automated
radio telemetry studies are coordinated through the Motus Wildlife Tracking System, a
centralized network that collects and disseminates data ffaagged wildlife and
receiving stations across the globe (Taylor et al 2017).



In this study, v used automated radio telemestationsto tradk movemerns of three focal
species, Common Terns, Roseate Terns, and Piping Blovdrs vicinity of BWF from 2017
2019 Each field season-gunei October), ve operatedwo automated telemetry stationgth
fixed Yagi and omnidirectional antennaisSoutheast Lighthouse and Black Rock on the
southern shore of Block Island. We also worked with staBi'atF to install areceivingstation
with four fixed Yagi antennas on the eastarast windTurbine(#1) from 20172019 From
20172019 thetracking station®n Block Islanddetected a total of 157 unique tags frbfn
speciesThese detectioriacludedour 3 focalspeciesand 12 additional species tagdsed
biologistson the Motus network representifgpecies of shorebirdand6 species of
passerines. Of our three focal speteégyed at breeding areas in coastal RI, CT, angviY
detected 9% of the Common Temand 24% of the Roseate Terns, and 33% of the Piping
Ploversmoving past Block Islandrhese results concur with research on the breeding and post
breeding offshore movements of these three species by Loring et al.. (P04 $glemeaty

station on Turbiné&l1 at BIWF was in place throughout the study, but it only collected limited
data during the fall of 2017, and did not operate successfully in either 2018 RO
technological and logistical issues.

There was considerable amhwariation in thedtal number of tagged individuals, species, and
total detections at both the Black Rock and Seah Lighthouse Statiofi®m 2017to 2019.

At the Black RoclStation,the total number of tags detected varied from 8 tarttually with 4

to 7 species, @htotal detections ramgg from 339 to 5,217. At the Southeast Lighthouse
Station, the total number of tags detected ranged from 6 aom@allyfrom 2 to 13species
representin@32 to 2,95%otal detectionsReasons for the differences were possibly tiu
variations intower height (3 to 12 myifferences in antenna gain due to tiuenber of elements
ontheYagi antennas (which ranged from 5 tel@ments), type of receiver (either a Lotek or
Sensorgnome)ocal environment conditions near the anten@ad the number of available
tagged individuals passing by the tow&se factor that affected the total number of detections
was the type of receiveBensorgnome receiveran detect signalsdm all antemas
simultaneouslywhereas Lotek receiverslgrdetect signals from one antenna at agfithusthe
receiver has tootateamong antennadlost importantly, Sensorgnome receivessrenot be as
reliable as Lotekeceivers anavere more prone tonotdetecing passing birds

One of the primary goalsf this project was to conduct a series of calibration surveys to assess
thedetection probabilityf receiving stations with different configurations of antertoasack

the offshore movements digitally codedvVHF transmitters. In 2017, during a calbion

survey using a kite, we detected the tag 5,942 tanelsthe modepredictions averaged 4,527

m (SE = 182 m; range = 50217,426 m; 25-75% = 2,065,476 m) from thectual

locationof the test tag based on a GPS track of the bbairing a 2018 ke calibration

survey, the model predictions were more accurate and averaged 1,695 m (SE = I/§jém; ra
= 22971 4,221 m; 2%-75% = 9522,188 m) from the actual location of the test tag.



In 2019, we used quadcopter drone for all calibration surveysrektindy, in June 2019,
calibration surveysonducted during dense fog conditiaidixed points avarious altitudes

(15 to 120 mhad no detections, even though sioevey points were 4 km of two

functioning landbased receiving stations, indicatipgssible signal attenuation during

dense fog condition® moving transect on 9 July had better results, but we found that when
the drone flew at altitude60 m above sea level (asthe accuracy of model predictions

was relatively lowwith a mediardifference between actual and predicted locatai®s904

m (2.082i 6,111; 25" -75" percentiles)whereas when the drone fle@90 m aslthe median
difference wa830m (4921 1,636m).

Ourresearch found that usinligital VHF transmitters can proveduseful information omacre
scaleoffshore movements difirds The network was particularly effective at documenting
regional movemestof focal specieddowever,several technical challenges that occurred
throughout the study limited data collectiatfiner spatial scaleBy telemetry stations within the
Block Island networkMonitoring the receiving station on Turbine #1 at BIWF was particularly
challenging because technology was not yet available to monitor the system reamatety,
persorequipmenthecks were limitetb infrequent visits by turbine operation stalffespite
these limitations, ur application of existing modeling methods to data collected by the Block
Island network provided data on movements of birds passadhe Block Island Whd Farm,
with mocel accuracy increasing with flight height of birds corresponding to an increase of
simultaneous detections bgceiving stations.

Based on our research, available VHF tracking technology has difficulties tracking fine
scaletemporaland spatialmovemend of small(<200g) volantorganisms.Therefore, we also
tested the functionalitgf adirectionfinding (DF) systenthatusesphaselifferencedo
accurately obtain bearings from @&ment omnidirectional antenna array. ¥éastructech
platform withthree1l0 dBomnidirectional antennajually spacebly a distance of a half
wavelength(0.889 m)of the 166 MHz frequency. We used open source Software Defined
Radio (SDR) software on a PC to integrate a FUNCube dongle (ByxE2Xting thetuner
frequency and sample rate. TR€D demodulated the received signals and caedeéhem

to a digital signal after a series of filtering steps. Once converted, the el&tsawedo a
.wavfile for post processing usingATLAB. Totest the accuracy this prototype tracking
system, a series of drone flights were initiated, witlhgetally codedvVHF transmitter
attached, to test the viability of this systddowever,one receiver failed due to PC memory
issues thus the results festimating bearingaere limited tatwo antennasAt very short
ranges, bearing accuracy suffered due to the directivity of the omnidirectional anfdrmnas.
systemperformedbest(+6°) when thetransmitterwasfartherthan175m from the array,
relatively well (£15°) whenthe transmiter was over 100 m away from the aray, and

poorly (£50°) whenwithin 100 m of the antennaarray. Theresearch did show it was
feasible to track azimuth angles through phase measurements. With further developments to



the current design, it coulzk feasible to design an antenna array and continuous receiver to
monitor finescale movements of VHtagged bids using phase measurements.

If requlators and biologists are interested in olgfine-scale spatial (microscale movements)

of volant wildlife at offshore wind farms using VHF oHF transmitters to assess exposure risk,
moreintensive researcheedgo be conducted otihe methodology dfriangulationto estimate
locations from stations with fixed yagi antennas, and most importantlycaliveationsurveys

need to be conducted at offshore sifdss includes establishing at least three or more

automated receiving stations in relatively close proximity to assess the accuracy and precision of
triangulation methods to assess the location afgdgolant wildlifein the offshore

environment This research could be focusmtassessing the accuraifylocation estimates

when a transmitter is detected from multiple stationary yagi antennas. In additemys
conducted our research, there weoeVHF receiwers available that could remotely upload data

to determine if the receiver was working otlga data in a timely manner. There now is at least
onemodel ofreceiver operating in the 434 MHz range that will upload data remotely that should
be field tested on offshore turbines or buoyéis remote uploading of data from offshore wind
energy fatities needs to be field tested. Based on our research, further calibration surveys are
needed to assess the accuracy and precision of spatialtestohransmitter locations. This is
critical for estimating finescale movements of target speciessgeas exposure rigkinally,

further research could be conducted on the feasibility of using phase measurements to accurate
detect bearing angles ofoving transmitters, which could be used to precisely estimate locations
of volant wildlife to obtain moreeasonable eshatesof exposure risk near active offshore wind
energy facilities. These goals alsothe research objectives outlineddyesearh group

within New York State Energy Research and DevelopnidWSERDA) that could provide

more insighs into tracking technologies be used by biologists to assess exposuafediisis to
offshore wind energy facilities

Vi
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1.1 INTRODUCTION

The Bureau of Ocean Energy Management (BOEMbixerned withthe potential impacts of
offshorewind energy developments on wildlife, with an dmagis on birds that are federally
listed as threatened or endangered. In the northwestern Atlantic these species include a
threatened\tlantic Coasfpopulation ofthe Piping Plover Charadrius melodumelodu$, a
threatened population tfie Red Knot Calidris canutus rufg and an endangered population of
theRoseate TernSterna dougalli (Burger et al. 2011, 0ring 2016 Loring et al. 2012 Up

until DecembeP016, there were nagperatingoffshore windenergy facilitiesn the United
Stateauntil a 5turbine30-megawat{MW) facility was constructed by Deepwater Wind three
milessoutheast§E) of Block Island, Rhode Islandvhich is now operated by @rstéeigure

1.1).

Figure 11. TheBlock Island Wind Farnhocated in st waters ~5 km off the southeast corner
of Block Islandwas the firsbperationabffshorewind energyfacility in North America (photo
courtesy of @rsted).
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Birds that utilizeoffshore habitatsnay be negatively affected by offshore wind energy
developmets as a result of: (i) direct mortality from collision with turbine blades, (ii) turbines
acting as barriers to migratory or daily movements that increase overall energy expenfdi
individuals (barrier effect), or (iii) turbines displacing birds franportant foraging and resting
areas within the footprint of the developmébesholm and Kahlert 2005px et al. 2006,
Larsen and Guillemette 2007, Masden et al®Qangstor?013, Furness et al. 201Skov et al.
2018, Fox and Petersen 2019et, potatial impacts obffshore wind turbinesn mgratorybird
populations are still not thoroughly understoddteractiondbetweeroffshore wind energy
facilities and mgratorybirds have only been studied for a limited number of species at a few
sites ovethepast few decades sino&shore wind turbinehave becomeperationalin Europe
(Cook et al. 2018, Skov et al. 2018, Fox and Petersen 20a8%nt empirical edencefrom
Europesuggestshat collision and barrier effects are minimal feostmarinebirds and likely do
not result in negative impacts to marine bird populations (Desholm and KahlerCi5et al.
2018. However, available evidence suggests that some speciegratarybirds might be
vulnerable to collisions with turbinesyfhesset al. 2013, Green et al. 2016), thus further
investigation is warranted.

Burger et al. (2011) categorized estimated exposuréfsbore wind energy facilitieat three
nested spatial scales: maawale (hdividualsthatoccur withinageograpia region of interest,

in this casehe Block Island Wind Farm), mesoscabtequrs if individuals are exposed at the
macroscaldevel andfly within the altitudinal span of the wind turbine bladBetor Swept

Zone RSZ), 29 to 189 mAbove Sea Level (ASL)taBlock Island, and nicroscale(occurs if
individuals of the species are exposed at the macrdmesoscaleand fly within theRS2) of

wind turbinesTheimpactto avian populations at each scale varies tempor&kov et al.

(2018) defined avoidandeehaviaos (i.e., an action that prevents a collision (SNH 2010)) at three
spatial scalegnicro (a response to single turbine blade, <10 m from Rotor Swept Zone (RSZ),
mesao(within wind farm footprint, 10 m buffer around RSZ, see also Band 208I,Cook et &
2012, Furness et al. 2013 ), andcro(up to 3 km outside of windfarm, see Desholm and
Kahlert 200%. Given these categories of exposure, we were interested how accurately we
could trackexposure risk ofmall volant wildlife.

There s increasing adence that largbodied birds (e.g., gannets, gulls, loons, seaducks)
tend to avoid offshore wind turbines, while there much less information about how small
bodied birds respondpok et al. 20185Skov et al. 2018, Fox and Petersen 2019).
Monitoring theexposure risk of plovers in areas where BOEM renewable energy lease
blocks occur is particularly challengimigie to their small body size and nocturnal migratory
behavior thatenderssatellitebased or survelpased methods less suitable tloese species
(Loring et al. 2019).Although ernswill fly diurnally during foraging bout®ver 40km

from breeding colonies (Loring et al. 2QXhd,thus can be surveyed with bdzdsed or

aerial surveys (Perrow et al. 2011, Thaxter et al22Barwood et al. 201, Evans et al.



2019, Critchley et al. 2ZD), previous tracking studies have shown that terns move offshore
at night during the podireeding dispersal period (Loring et al. 2017) and during migration
(Loring et al. 2019)Therefore the bestechnology cuently available to determine

exposure risk for terns and plovers is automéatackingwith digitally encodedrery high
frequency(VHF) or ultrahigh frequency (UHRRdio tags

Wildlife biologists have been tracking organisms watio transmitters ithe VHF band
since the 1950s (Cochran et al. 1965, White and Garrott 1990). VHF is the designation of
radio waves with wavelengths ranging franto 10 m that correspond to radio frequency
electromagnetic waves that range from 30 t0 8@gahertz (MHz). fRcking organisms
within the VHF band require4) a transmittexwith a power source and anterthat emits a
signal (e.g., ~166.380 MHZz2) some type o&ttachment system to mount the tag on the
organism of interest that minimizespiarct to the organisigBarron et al. 2010, Geen et al.
2019),3) either a Yagi, HAdcock, dipole or loomntennao determine the location of the
tagged organisirand4) a receiver to process the signal detection (Kenward 2001). VHF
telemetrywor ks on a Al i mthus larfdscapBagidstied, vertedl makt i o
face can block theemitted signal.

Radio Direction Finding (RDF) requires a passive receiving system that extracts information
from passing electromagnetic radio wavesifr@VHF transmitter to estimate thmearing

angle from the receiver to the VHF transmitter. There are three RDF approaches that
researchers typically use to estimate the position o¥Hietag from two or more receiving
stations: amplitude response, phdskay response, and time delayniies 1991, Kenward
2001). Most avian ecologists use the amplitude response to estimate the location of tagged
individuals (White and Garrott 1990, Kenward 2001), which infers location based on a
combination of signal stngth and compass bearing (Desrostet al 2008), which is the

focus ofPart lof this report Traditionally, iologists estimate the compass bearing of a

VHF tagfrom the receiver by rotating a directional antenna, either a¥dgior HAdock,

to detet the maximum signal strength oethull signal, respectively (Cochran et al. 1965,
White and Garrott 1990, Kenward 2001). The receiving stations must be known locations,
but they can either be a series of temporary locations or fixed locdtidpartll of this

report, we focus on estiating VHF tag locations using the phase delay respasiag
omnidirectional antenrsa

The advantage ofagi-Uda(hereafter Yagipntennass that they achieve high gain (e.g.,
detectapproximatelytwice the range of gole antennas), are highiijrectional (i.e., the

signal reception pattern has the strongest peak at the front of the antenna anidthas a
6front to backdé rati o), they are relatively
power, anccover a broad range of frequencies, howelrey are prone to noise and

atmospheric effectdenward 2001) Thus bearings from twor moredifferent receiving

stations can be usedieangulate otriangulate the position of a tagged individual (White



and Garrott 1990). The other directionatenna used by many biologists is thé\Hcock
antenna which has greater gain than a dipole antenna, and the reception pattern has a

di stinctive o6null &8 when t he therdfoeertbeestingtechr e e q
the signal bearing is more@urate than & agi antenna. However, just like a dipole, there is
uncertainty about the true signal bearing v

using a variety of techniques (Kenward 2001). Whaingithe amplitude response
approachanomnidirectional antenna.¢., eithedipole antenna when horizontal or a loop
antenna) can be used to detect the presence of a tag within the range the antenna (Kenward
2001).

The Motus network is an automatedwetk of receiving stations, primarily ugirfixed

Yagi antennas designed to monitor the movements small (<50 g) volant (flying) wildlife at
local, regional, and hemispheric scales usiiggtal VHF tags €.9.,166.380 MHz in North
America) (Taylor et al. @17), although recently biologists havesalstarted to usgHF tag
(434 MHz) Most projects associated with the Motus network use Nanttagsck smaller
species of birds or batdanotags\Www.lotek.con) arelightweight digital VHF transmitters
thathave aelatively long battery life (#0-140days depending aiag weight and burst interyal
and emituniquely identifiablesignak every3-7 second®n a common frequencyhe
automatedeceiver stations in this network consist of one or more fiagi or omni
directionalantennas on towers of various heigh®sevious avian tracking studies funded by
BOEM utilized receivingstationsthatconsisted of 6 ninelement(3.3 mlong) Yagi
antennashorizontallymounted in a radial configuration at 60° intervals ar?<n tall radio
antenna masid.oring et al. 2019)Loring et al. (2019) estimated the detection range of
these 12.2 m towers wap t020 km for a bird flying at 25 m altitude ad@® km for a bird
flying at 250 m altitude, while birds flying at 1,000 mutd be detected at over 80 km away

The Block Island Wind Farm provides a unique opportunity to agsgesure of migratory
birds at an operating offshore wind energy facildye to the proximity of the Block lend

Wind Farm to Block Island @-miles(5 km)), landbasedeceiving stationsan be constructed
on Block Island to track movements of tagged birds passing near the Block Island Wind Farm
Baseline daily movement data of Roseate and Contaras, and Piping Plovers near Block
Island during thdreeding, posbreeding staging period, and fadigrationwascollected for
threefield seasons prior to the construction of the Block Island WinchfBgra network of over
30receiving stationalong in New England and New England Bight regrorthe Atantic Coast
(Figure 1.2; Loring 2016, Loring et al. 201®revious BOEMunded studies on offshore avian
movementslevelogdspatially explicit movem@t models of Common and Roseate terns and
Piping Plovers throughout southern New England, including mewés through federal
offshore energy lease blocks in the rediboring et al. 2019)These models€ombined a
physical model of bird movements with tkectrical characteristics of the receiving arrays to
predict the flight paths of birds from time sar@&f power received sequentially from several
towers and bean{Sanaswamy et al. 2018)


http://www.lotek.com/

Results from regional movement studies of terns and plovehg iAtlantic OCS indicate

that these species mayve througlBOEM renewable energy lease blocks dgmpost
breeding andall migratory movementé_oring et al. 2019)Therefore, theoal of this

project was to evaluate the potential to assesssfiae movements of relatively lightweight
(~150 g or smaller) volant (freftying) organisms near offshoreind turbineqafter the
development of the Block Island Wind Farmjith a focus on terns and ploverds BOEM
renewable energy lease bloakgrenty total 1,742,252 acres along the Atlantic Outer
Continental Shelf (Figure.2), there is a pressing negmlunderstand in greater detail the
exposure risk of these listed species and other volant wildlife to the development of these
offshore renewable energy facilities (Goodale et al. 2016, Platteeuw et al. 2017, Kelsey et al.
2018, Fox and Petersen 20Hdto helpto inform estimates otollision risk(Band et al.
2007, Furness et al. 2016, Masden and Cook 2016).

1.2 METHODS

1.2.1Study Area

1.2.1.1Atlantic OCS and Wind Energy Areas

Theprimary Study Area extergtlalong the US Atlantic Coaand adjacent OCfom Cape
Cod, MA to the north and Back Bay, VA to the squitfith a focus on Block Islan@Figure 1.2).
Currently June 202)) there are @BOEM Renewable Energy Lease Areas within the Study
Area(Table 11). These BOEM Renewable Energgase Areas are located in Rhode Island
Sound and adjacent offshore waters of Massachy{s8t8,000acre3, New York Bight
(~80,000 acrekm?), and adjacent waters offshore of New Jer344,000 acrgs Delaware
(~26,000 arey, Maryland(~80,000 acresVirginia (113,000 acrgsand North Carolina
(~122,000 acredp total, their combined area covdr§g 42,252 acresf the Atlantic OCS.The
Motus Wildlife Tracking system network extended from Nova Scotia to the coastithf So
America (Taylor et al. 200), with tracking stations changing annualkynew stations were
brought online or older stations watecommissionedue toa lack offunding resources.
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Table 11. Current leasing status of BOEM renewable energy leas&dldong the Atlantic
Outer Continental Shelf (BOEM 2020)

Lease Nmber Year Company Acres State
OCSA 0482 2012 GSOE|| 70,098 DE
OCSA 0519 2018 Skipjack Offshore Energy 26,332 DE
OCSA 0483 2013 Virginia Electric and Power 112,799 VA
OCSA 0486 2013 DWW REV | 83,798 RI/MA
OCSA 0517 2013 DWW South Fork. 13,700 RI/MA
OCSA 0487 2013 DWW NE 67,252 RI/MA
OCSA 0490 2014 US Wind Inc. 79,707 MD
OCSA 0498 2016 Ocean Wind 160,480 NJ
OCSA 0499 2016 Atlantic Shores Offshore W 183,353 NJ
OCSA 0500 2015 Bay State Wind 187,523 MA
OCSA 0501 2015 Vineyard Wind 166,886 MA
OCSA 0508 2017 Avangrid Renewables 122,405 NC
OCSA 0512 2017 Equinor Wind US 79,350 NY
OCSA 0520 2018 Equinor Wind US 128,811 MA
OCSA 0521 2018 Mayflower Wind Energy 127388 MA
OCSA 0522 2018 Vineyard Wind 132,370 MA
Total 1,742,252

1.2.2 Ecology of target species

1.2.2.1Common Tern ecology

TheCommon Terr(Sterra hirundo)is acosmopolitan, moderately sized (110 to 145 g) tieah
nests in small toarge coloniege.g., <12,000 individuals at Monomoy, Massachusetesgy
freshwater and saltwater habitats throughouttblkarcticand wintersn coastal habitats in the
southerrhemispheréNisbet et al. 2017). In New Englandpstthe population nestst offshore
islands, where they usually forage #odiversity ofsmall fish ~20 to 30 km of breeding colonies
(Safina et al. 199(Nisbet et al. 201)7 In southern New England, altis arrive at their nesting
sites in late April to Mayinitiate 23 egg clitches in open habitats (Burger and Gochfeld 1991)
from late Maythrough midJuly, peak hatcing occurs betweelate June and early July, and
peakfledging (~25 d after hatching)coursfrom mid-July early Augus{Nisbet et al. 2017).

After fledging, manyof the adults and their accompanying chicks disperse from colonies
throughout New England to stage at Cape Cod for ~one mantit@migrationto South
America (Nisbet and Mostel 2015, Loring et al. 201'Nisbet et al. 201)7 where birds can be
found foraging far offshore (Goyet 2014). Common Terns breeding in New England tend to



winter along the east coast of South America (Nisbet et al. 2011a, 2011b; Nisbet and Mostello
2015). Common Terns breeding in Germany behave similarly, staging for aboukd befere
migrating to West Africa where they wintered in upwelling areas; interestingly spring migration
was longer ~ 2 months than fall migration of ~ 1.3 months (Becker éd1).2Furness et al.

(2013) ranked Common Terns as low vulnerability toisiolh risk with offshore wind turbines
because they estimated that only 7% of individuals fly within the rotor swept zone.

1.2.22 Roseate Tern ecology

The subspecies of thoseate Ter(Sterna dougallii dougall)inesting in New England was
federdly listed as endangered in 1987 (Nisbet et al. 2014). This species is slightly satatler
130 g)than similar the Common Tern (Figur&)l.Roseate Ternsest across the Holarctic and
winter in the southern hemisphere. In New England, Roseate dmynsest on offshore islands
where there are also Common Terns nesting, typically at sites that have over 1,000 nesting pairs
of Common Terns. Much of the palation (4,171 of 4,593 pairs (91%) in 2018) of this
endangered subspecies nests at threeisiszmsithern New England: Bird Island, MA (1,175

pairs in 2018 during peak census); Ram Island, MA (1,093 pairs in 2018), and Great Gull Island,
NY (1,903 pairgn 2018) (Roseate Tern Recovery Team, unpubl. data). Adults typically exhibit
high fidelity tobreeding colonies, although they will disperse to other breeding colonies
(Spendelow et al. 2010). The breeding chronology of Roseate Terns in southern Neavd Eng
similar to the sympatric Common Tern, with adults and their young departing from breeding
colonies to the primary staging site at Cape Cod, Massachusetts fredalgnid early August
(Althouse et al. 2016, 2018), where they are detected foragimajfshore Goyert 2014) This
species has a more specialized diet than Common Terns, whaiktsgmimarily of sand lance
(Ammodytespp) (Safina et al. 1990, Urmy and Warren 2018, Staudinger et al. 2020). Peak
migration from staging sites in New Hagd is initiated in early September (Nisbet et al. 2014),
when Roseate Terns presumably migadtshore to staging sites in Puerto Rico and the
Dominican Republic and then to wintering sites along the eastast of South America

(Mostello et al. 2014)Occasionally birds breeding in the eastern Atlantic (Azores) are detected
wintering in the wesrn Atlantic (Brazil), thus there is some transatlantic migration (Neves et al.
2016). Burger et al. (2011) suggested that Roseate Terns were likely exposiédiom risk

with offshore wind energy facilities during migratory movements and the bregeasgpn when

the occur on the Atlantic Outer Continental Shelf.



e
l‘i

Figure 1.3 Adult Roseate Terns with yellow plastic field readable (PFR) band u:
aid obgrvers and adult with sandlan@efmodytespp) which is the primary fish tt
species consumes and feeds to their chicks (Staudinger et al. 2020).

1.2.2.3Piping Plover ecology

Piping Plovers are smabodied 50g) migratory shorebird@-igure 14), with three federally

listed populations in North AmericAtlantic Coast (Thratened, Great Lakes (Endangered),
andthe Northern Great Plains (Threatened) (EHBmith and Haig 2004 he Atlantic Coast
populationwas estimated at 2,008 pairs in 2019, with almost 50% (980 pairs) nesting in New
England (USFWS 2020a), which was firet time their population was greater than the

recovery plan goal (USFWS 2020b). Piping Plovers start to arrive in southern New England
late March with nest initiation from late April to early July, with latter nesting attempts typically
second or tind nesting attempts. The species tends to select unvegetated microhabitats to nest
(Figure 1.5) with an incubation period ~28 d and figalg takes ~25 daysThe migration
ecology is the Al east understood ROy of the
Adults initiate migration to staging sites at Cape Hatteras in early July (Weithman et al. 2018),
with most adults departing breedisites by early August, where juveniles tend to linger into
SeptemberElliott-Smith and Haig 20Q4.oring et al.2020). Based on resightings of banded
individuals, most plovers breeding in southern New England winter in Florida and the
Caribbean, with mch of the population detected in the Bahamas and Turks and Caicos-(Gratto
Trevor et al. 2016, P. Paton, unpubl. dlaBarger et at. (2011) hypothesized that Piping Plovers
were only exposed to collision risk to nearshore wind energy facilities durimg sprd fall

migration as they believed this species migrated close to shore. However, Loring et al. (2019
2020 found that Piping Plover often migrate far from shore.
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Figure 1.4Piping Plover withransmitter glued to back amgiling antenna; green flag with 3 h3
alphanumeric codes were unique to each individual, which aided resighting records. Tagge( q
were regularly detected at stopover sites from New York to South Carolina and winteaisig ard®
Florida to Turks and Caicos 9

Figure 15. Piping Plover walkn trap at Monomoy NWRin ope sandy habitat preferred by this
species for nesting.

1.2.3 Tagging Sites

We conductedlbtagging during the breexg period and tracking continued through post
breeding dispersal and migratory departure. We tagged Common and Roseate therlasgest
Roseate Tern colony in the western Atlantic (Great Sldhd, NY), as well as one of the larger
Common Tern coloeis in the region (Falkner Island, Q(Nisbet et al. 20142017. We tagged
Piping Ploversn Rhode Islandrack their southbound flights during fall migrati(ffigure1.6).
Trapping methods usédr this study are described in detail in Loring et al1@0
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Plovers along the coast of Rhode Island.

1.2.3.1 Great Gull Island, New York

Great Gull Island (G@; 41°12'23" N, 72°06'25" W) is a 0.08 kmffshore islad in eastern

Long Island Sound, NY, thaupports one of the largest concentrations of nesting Common

Terns (~9,000 pairs) and Roseate Terns (~2,000 pairs) in the Western Hemisphere (H. Hays and
G. Cormons, unpubl. data). G&k managed by the Great Gidland Project with the American
Museum @& Natural History. On GGI, we tagged 20 Common Terns in 2018 and 40 Common
Terns in 2019, and 20 Roseate Terns in 2018 (Appendix 1.1).

11



1.2.3.2 Falkner Island, Connecticut

Falkner IslandFALK, 4 1 A1 2 EZBMAVONE 171 aW) is a ~1.2 ha island
US Fish and Wildlife Servicebds Stewart B. McK
Guilford, Connecticut. Falkner Island has a small colony of Roseate Tern§@42firs) and a

larger populatbn of Common Terns (~1,500 to 2,000 pairs) (Kris Vagos, Refuge Biologist, pers.
comm.).We tagged 18 Common Terasd 10 Roseate Terns on Falkne2@i8 (Appendixl.2).

1.2.3.3 Coastal Rhode Island

We tagged®0 and 1&iping Ploversn 2018 and®019, respectivelyat severabeacheslong the
southern coast of Rhode Islattle planedon tagging 20 plovers in 2019, but two tags would
notactivate,and we were unable to obtain replacement tags in time for field effdesting
Piping PloveratRh od e | s | awece tnenitobee lay &) BRVStaff from the Rhode
Island National Wildlife Refuge complealthough individual sitewere owned and managed by
various Federalstate, and NGO entities and have varying levelguiflic use and access.
Across all sites in Rode Islandthe highest trapping effort for Piping Plovers \aa$rustom
Pond NWR (41°22'N, 71°34'Wjt East Beach Watch Hill (EBWH; 418N, 7150W). Trustom
Pond NWR(13 pairs in 2019) and EBWH (15 pairs4a@19)containthe largestoncentrations

of the 650f nesting pairs monitored by USFWS staff in 2QDurkin et al. 201

1234Buzzardés Bay, MA

In 2017, Loring et al. (2019) tagg@d Common an@0 Roseate Terns from three islands (Bird,
Ram, and Penikese) in BuzzardsyBMassachusetts. These islands are managed by the
Massachusetts Natural Heritage and Endangered Species Program and collectively supported
over 6,500 Common Terns and approximately 2,600 pairs of Roseate Terns in 20tefi¢Mbs

al. 2018). Bird Islan@41°40'10 N, 70°43'02"W) is a 0.006 kisland located < 2 km off the

coast of Marion, MA. Ram Island (41°37'05"N, 70°48'16"W) is a 0.01ikand located < 1 km

off the coast of Mattapoisett, MA. Penikese Island (41°2R030°55'03"W) is 0.3 krisland
located near the western entrance of Buzzards Bay, within the Elizabeth Islands chain.

1.2 4 Digital VHF Transmitters

In this study, we tracked the movements of Common Terns, Roseate Terns, and Piping Plovers
usingdigitalVHF t r ans mi t tLetekVirdleBsn@ntarint Carpdap Each Common

and Roseattern in the study was fitted with Lotek NTQB-2 nanotag (Appendicesl.1 &

1.2). The transmitter body measuréd g;12 x 8 x 8 mnwith an 18-cmlong antennaanda

battery life of 7292 days The NTQR2-4-2 nanotagsvere sutured on the backs of terns, since

they are plungelivers, which increasedgretention rates (Loring et al. 2019). All tern tags
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were coated with a waterproofing material and cusfibmith 1-mm tubes at the front and back

of the transmitter body for attachment, bringing the total tag weight to 1.5 g. The transmitter and
attachment materials weighed <2% of the body mass of tagged Common and Roseate terns.
Detailed behavior studideund no evidence of an adverse effect eftg on adult Common

Terns (Loring 2016) or adult Roseate Terns (Paton et al. in press)

In 2017,2018 and 2019each Piping Plover within the study was fitted with a Lotek NZQR
nanotag (0.67 g; 12 x 6 xrBm), whichhad a 16.5cmlong antenng Apperdix 1.3). Following
Loring et al. (2019)transmitters were glued to the interscapular reditie. transmitter and
attachment materials weighe@% of the body mass of tagged Piping PlovBnsting prior
fieldwork, we determined the tags did not affecttrsegcess or chick survival rates when their
parents were tagged (Stantial et al. 2018) or apparent survival rates of adult Piping Plovers
(Stantial et al. 2019)

All transmitters in the study were programmeaaoatinuously transmit signals on a shared
frequency of 166.380 MHz from activation through the end of battenBlifest intervals (time
between transmissions) waandomly assigned and unigteeeach transmitter and ranged from

4 to 6 seconds. The expected lifealed NTQB3-2 nanotags ranged fro72 days (4 second burst
interval) to 92 days (6 second burst interval). Tag deployment metadata for each tagged bird in
this study are provideitt Appendix1.3).

1.2.5 Automated Radio Telemetry Statiomgotus Network

We tracked the signals of taggieidds usingmultiple automated radio telemetry statidhat

were part othe Motus Wildlife Tracking Systemaninternationahetworkof collaborative
automated radio telemetry studi@sylor et al. 2017)From 2014 to 2017noststationsin the

US Atlartic coast study arezonsisedof a 12.2m radio antenna mast supporting Siglement
(3.3 mlong, www.Lairdconnect.com model PLC16691.1 dB gain, 166 to 174 MhX agi-Uda
(hereafter Yagipntennas mounted in a radial configuration &tietervals(Loring et al. 2019)
During Fall2017,these towers were modified 6-m tall towersby removing two 3m long
segmentsandreplacingthe 9-elementYagi antennasvith shortened &lementY agi antennas
(~1.5 m long, similar t@a www.Lairdconnect.conPLC1666,~7 dB gain; frequency range 166 to
174 MHz) Additional coverage throughout theu8lyy Area was provided by Motus Network
receiving stations that varied lieight, number of antennastationelevation, and type of
receiver(Figures 1.7 & 1.8). To view a ma of the extent of the Motus Network and how it has
expanded from 201through 2020 visithttps://motus.org/data/receiversMap?lang=en
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Figure 17. Example of a Motus wildlife Tracking Systemtsta with three 9element,11-dB
Yagi antennas located on a 6@esc@ing mast on the northcentral Puerto Rico
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Figure 18. Some of theMotusWildlife Tracking Systemmetwork stationgn southern New
England that tracked focal bird species for thigemio
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In 2018 and 2019, 31 Motus stations from Nova Scotiéach Guiana detected terns and
ploverstagged for this stud¢Table1.2). We operated an array of eleven, Hraded automated

radio telemetry towers at coastal sites ranging from Cape CodpMéng Island, NY. In

addition, at each tern tagging siteré@t Gull Island, NY, and Falkner Island, CT), we operated
receiving stations that were configured to monitor to track local movements of tagged terns at the

breeding colony.
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Table 12. MotusWildlife Tracking Systenautomatedelemetrystations that had detect®aof
tagged Roseate Terns, Common Terns, or Piping Plovlin2018 and 2019

# of
Motus Tagged
Project Years Birds
Code Location Latitude Longitude ID Model* active Detected
TICO Icapui,Brazil -4.699 -37.358 239 SG 2019 1
Cayenne, French
CAYE Guiana 4.944 -52.325 117 SG 2018 1
Awala-Yalimapo,
AWYA  French Guiana 5.746 -53.935 117 SG 618, 4
CEDI Cedar ISNWR, NC 34.957  -76.278 4 SG 01 4
PEAI Pea Island NWR, NC 35.717  -75.493 4 SG 517, 0 16
BBVA  Back Bay NWR, VA 36.671  -75.915 14 Lotek 01
FISH Fishermanis, VA 37.098  -75.978 167 Lotek 01
SKID Skidmore Is., DE 37.134  -75.925 14 Lotek 617, 0 15
PARR  Wachaprague, VA 37.573 -75.617 14 Lotek 61
CHIN Chincoteague VA 37.862 -75.369 14 Lotek 61
ASSA  Assateaugés. DE 38.241  -75.136 48 SG 517, 0 5
Cape Henlopen State
CHDE Park, DE 38.770  -75.085 14 Lotek 617, 0 8
DADS Dad's Cape May, N 39.028 -74.801 47 SG 01 2
NORB Cape May, NJ 39.053  -74.925 47 SG 01 1
AVNJ  Avalon, NJ 39.092  -74.717 14 Lotek 01 1
NBNJ North Brigantine NJ ~ 39.429 -74.34 14 Lotek 61 6
Great Bay B. WMA,
RTNJ NJ 39.509 -74.324 14 Lotek 01 1
SHNJ  SandyHook, NJ 40.429  -73.984 14 Lotek 617, 6 5
CONY  Coney Island, NY 40.573 -73.977 14 Lotek 01 1
FRIS Fire Is., NY 40.632 -73.215 14 Lotek 517, 6 6
MashomackPreserve
MASH  TNC, NY 41.052  -72.273 14 Lotek 6018, 30
MNTK  Montauk, NY 41059 -71.869 14 Lotek 617, 0 135
Block Is. Wind Farm
BIWF RI 41.126 -71.507 14 SG 01 1
BIBR Black Rock, RI 41.148 -71.59 14 SG 517, 6 63
SELI SE Lighthouse, RI 41.153 -71.552 14 Lotek 517, 6 44
STPO  Stratford Point, CT 41.155  -73.103 84 SG o} 2
PLIS Plum Island, NY 41.189  -72.163 14 Lotek o} 80
GGIS Great Gull Is., NY 41.202 -72.119 14 Lotek 517, 6 147
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Motus

Project Years
Code Location Latitude Longitude ID Model* active
FALK Falkner Is., CT 41.213  -72.653 14 Lotek 018, 51
SouthNomansls.,
NOMS MA 41.253  -70.813 14 Lotek 617, 6 18
North Nomanslis.,
NOMA MA 41.261  -70.815 14 Lotek 01 63
OSCT Old Lyme, CT 41.287  -72.324 14 Lotek 617, 2
NAPA  NapatreeRlI 41.306  -71.883 14 Lotek 617,18 36
CTPT  CoatueBeach, MA 41.307 -70.063 14 Lotek 017, 36
MUSK  Muskegets, MA 41.337  -70.304 14 Lotek 01 61
Trustom Pond NWR,
TRUS RI 41.373  -71.576 14 Lotek 617, 6 71
GTPT  Great Pt LightMA 41.390 -70.049 14 Lotek 017, 48

SACH  SachuesPtNWR, Rl  41.479  -71.243 14 Lotek 617, 6 10
Wagquoit Bay NERR,

WAQT MA 41.551 -70.506 14 Lotek 617, 6 84
S Monomoy NWR,

MNYS MA 41.553 -70.01 14 Lotek 617, 29
N Monomoy NWR,

MNYN MA 41.609 -69.986 14 Lotek 617, 6 51

WING  Wings Neck, MA 41.680 -70.661 14 Lotek 617, 6

WELL  Wellfleet, MA 41.915 -69.972 14 Lotek 61
Race Point

RCPT  Lighthouse, MA 42.065 -70.243 14 Lotek 61 11
Parker River NWR,

PKRS MA 42.780 -70.808 9 SG 61 2
Rachel Carson NWR,

WNER ME 43.349 -70.523 25 SG 61 1

1Sensorgnome (SG) or Lotek receiver

1.25.1 Stations on Block Island Black Rock and Southeast Lighthouse

On and neaBlock Island, we operatdtireereceivingstationsirom 2017to 2019, one at

Southeast Lighthouseri land owned bythe Southeast Lighthouse Foundation) and one at Black
Rock (andowned by the Natural Conservancgihd the eastermost turbine (#1) on the Block
Island Wind Farm (owned and operated by Deepwater Wihath is now operated by @rsted,;
www.us.Qsted.com/wineprojecty. Our permits from thetown of New Shoreham required that
Black Rock and Southeast Lighthouseeiving stationsvere temporary structureherdore
theyhad to bedeconstructedroundNovembereach year, stored on the mainland] an
transported back to Block Island each sptmbereconstructed by a crew of33people.

At the two landbasedeceivingstations on Block Island, wested a variety diardware and
sdtware configurationso assess effects detection rates throughothe projec{Tablel.3).
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In 2017 thereceivingstation at Southeast Lighthouse wgerated by oring et al. (2019)It
consisted ofour 3-m long triangular tower sections (www.rohnnet.com; 2%@h six 9
element 11dB antennasiounted in a radiadonfiguration at 60° intervaldablel1.3). The
stationat Black Rock consisted of @ortabletelescopingnastextended to a height of 6m.
This stationhadthree9-elementl1-dB Yagi antenng, a Sensorgnomeeceiver with a
beaglebone black processaf40-watt solar panekwo 12volt deepcycle batteriesanda
lockable tool caséor the receiverthemarine batteriesanda solar targe ontroller(Figure
1.9). Antenna bearings for these three Yagi antemanagivenn Tablel.3, with two antennas
facing south towards the Block Island Wind Farm.

=

Figure 19. Telescopingnast (~6 m tallused aBlack Rockand Southeast Lighthous®lock
Island, RI during 2017 field seasoithis photo is the Black Rock station with thEeelement
3.3 mlong, 11dB Yagi antennasa 140watt solar panel used as power souedmetal
lockable tool casthat contained theeceiver, solachargecontroller and 2 marine batteries.

In 2018 at Black Rock, we constructed a 6.1 m tall tower using tmddhg triangulatower
sectiondwww.rohnnet.com25G), with three ®lemeni8-dB Yagi antennas constructed from

the terminal ed of a 9element Yagi antenna (i.e., 3 directors, one driven element and one
reflector) and one 6.4 m tall B omnidirectional antenna (Shakeape model 476 VHF
antenna; www.Shakespeare.ce.com);dbest modeSensorgnomesceiverwith anewer model
raspberry pi processopnstructedy Compulatacato collect data, and same power supply and
lock box as in 2017 (Figusd.9 & 1.10). At Southast Lighthouse in 2018, the station consisted
of a 6.1 m popup mast, one-glemeni8-dB Yagi antenna, one 1@IB omnidirectional antenna, a
Sensorgnomeeceiverwith a raspberry pi process@nd associated supplies to power the station
(Figurel1.12). Antenna bearings for 2018 are given in Tabl&.
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Table 13. Summary of automated VHF telemetry stations operated by this project on Block
Island and vicinity from 2017 2019. The stations included Block Island Wind Farm (BIWF),
Black Rock (TNC property) and Southeast Lighthouse ($fatbobuse Foundation).

Station Antenna Begin End Motus
(tower heightin m) Year bearing Receivet Date Date  Deploy ID
BIWF (33 m) 2017 166°* SGBBK 0803 0914 4488
BIWF (33 m) 2017 256°* SGBBK 08-03 0914 4488
BIWF (33 m) 2017 346°* SGBBK 0803 0914 4488
BIWF (33 m) 2017 76°* SGBBK 0803 0914 4488
BIWF (33 m) 2018 166°* SGBBK 0516 1001 5004
BIWF (33 m) 2018 256°* SGBBK 0516 1001 5004
BIWF (33 m) 2018 346°* SGBBK 0516 1001 5004
BIWF (33 m) 2018 76°* SGBBK 0516 1001 5004
BIWF (33 m) 2019 346°* L-800D1 0626 1024 5375
BIWF (33 m) 2019 76°* L-800D1 0626 1024 5375
BIWF (33 m) 2019 256°* L-800D1 0626 1024 5375
BIWF (33 m) 2019 166°* L-800D1 0626 1024 5375
Black Rock(6 m) 2017 102°%* SGBBK 07-01 1228 4483
Black Rock(6 m) 2017 152°* SGBBK 07-01 1228 4483
Black Rock(6 m) 2017 201°** SGBBK 07-01 1228 4483
Black Rock(6 m) 2018 130°* SGRPI 0515 1001 4998
Black Rock(6 m) 2018 250°* SGRPI 0515 1001 4998
Black Rock(6 m) 2018 10°* SGRPI 0515 1001 4998
Black Rock(6 m) 2018 OMNI°* SGRPI 0515 1001 4998
Black Rock(6 m) 2019 234°* L-SRX800 0603 0831 5374 6035
Black Rock(6 m) 2019 114°* L-SRX800 0603 0831 5374 6035
Black Rock(6 m) 2019 336°* L-SRX800 0603 0831 5374 6035
Black Rock(6 m) 2019 OMNI L-SRX800 0603 0831 5374 6035
SE Light( 12 m6é) 2017 60° inf** L-SRX800 01-01 1018 3271

SE Light(6 m) 2018 166°* SGRPI 0515 1015 4994

SE Light(6 m) 2018 OMNI SGRPI 0515 1015 4994

SE Light(3.3 m) 2019 98°* L-SRX800 0603 1231 5372

SE Light(3.3 m) 2019 338°* L-SRX800 0603 1231 5372

SE Light(3.3 m) 2019 178°* L-SRX800 0603 1231 5372

SE Light(3.3 m) 2019 OMNI L-SRX800 0603 1231 5372

! Receiver models: sensorgnobmeaglebae black (SGBBK), sensorgnome raspberry pi (SG
RPI), Lotek model SRX800MD2 (ISRX800), or Lotek model SRX800D1@00-D1)

26 antennas at 60° intervalsearings0°, 60°, 120°, 180°, 240°, 300°,

*5-element8-dB Yagi antenng**9 -element 11dB Yagi antema
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Figure 110. Tower array at Black Rock, Block Islandedduring 2018 field seaspwhich
consistedf two 3.3 m towersegmentsvith three5-elemeni8-dB Yagi antennas and otGe4 m
tall 10-dB tall omnidirectionalantenna.

Figure 111 Tower beilg constructed at Black Rock, Block Island in June 2018. 2 tall
tower had 3 &elemeni8-dB Yagi antennas and@4 m tall10-dB omnidirectional antenna.
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Figure 112. Tower being constructed for the 2018 field season at Southeast Lighthouss.
was built on 4 m tall popnast and included 1-&lement8-dB Yagi antenna and ore4 m tall
10-dB omnidirectional antenna. The lighthouse was north of the tower arranatiter
omnidirectional antenna for another project is in the foregrountdelett. The solar panel was
covered as the array was not operational when this photo was taken.

In 2019 at Black Rock and Southeast Lighthouse, we used-on&lBtriangulaiRohntower
section to support threeddement Yagi antennas, one 6.4 m ¢alinidirectional antenna, and
Lotek SRX800D1, as well as the usual power supplies and tades (Figure$.13, 1.14 &
1.15).

All receivers were programmed to automatically $egeral types of data from each antenna
including: tag ID number, date, tinsgamp, antenna (defined by monitoring station and bearing),
and signal strength (Lotek receivers: linear scale = 0 to 255; Sensorgnomes: linearEddle =
to-40). Sensorgnomeeceiveranonitormultiple antennas simultaneoushyheread otek
receiverycled sequentiallamong antenng$.5 s dwell timewith a switchbox (Taylor et al.
2017).
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Figure 113. Tower array (3 m tall tower) at Southeast Lighthouse in June 2019, showing 3 5
element YagB-dB antennas, &.m tall,10-dB omnidirectional antennajith Lotek SR>X800
receiver.

Figure 114. Constructing 3n tall tower at Black Rock. Block Island, Rhode Island with three 5
element YagB-dB antennas and one émi tall, 106dB omnidirectional antenna for the 2019
field season.
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Figure 115. Station suppliesloaded intoatruck to transporto Block Island

1.2 5.2 Station on Block IslandWind Farm

The Block Island Wind Farmwasthe first operational offshore wind energy facility in North
America. In 2015 and 201@eepwater Wind (DWW) constrted the wind farm in state waters
~3 miles offshore from the southeast corner of Block Island, Rhode Iffguarel1.1). Block
Island Wind Farntonsisedof five 6-MW, 180-m tall Haliade 150wnind turbineg151 m rotor
diameter)hat became operational lecembe2016.We were able to entanto a research
collaboration withDWW for the 2017 and 2018 field seasgAppendix1.4), anddrsted (which
acquired Deepwater Wind) in 2019 to operate a VHF receiving station at the Block Island Wind
Farm on Turbine ¥# (the eastern most turbine)(Figsifiel6, 1.17, & 1.18. Due to stringent
OSHA regulations, we (URI or USFWS staff) could not instatiioectly monitor the VHF
telemetry statioon this offshore wind energy facility, therefore oBIWW or @rstedOSHA-
cettified staff could work on the plaifm.

A Hold Harmless agreement was signed in July 2017 which allowed the receiaitandaso
be instaléd on the turbine platfortoy DWW staff on 4 August 201(Appendix 1.4) DWW

staff, | ed by ihstdled aSensdfga@nieeeivewith a beaglebone black processer
which was located in a wategsistantinsulatedcooler {Yeti tundra 65 coolemwww.yeti.com
Figure 1.16. The turbine had a 13lt AC power outlet, whichvas the power source for the
receiver. There wer@element7.1-dB Yagi antennasstalled on railings of thplatform

pointing inapproximatelythe four cardinal directions

23


http://www.yeti.com/

Figure 1i6. VHF telemet
August 201y Deepwater Winavith 4 6-element7.1-dB Yagi antennas installed. Block Island
can be seen in backgDWwWnd. Photo by J. O6Keef

Figure 117. Block Island Wind Farnfive 6-MW turbines~5 km off Block Island started
operations were initiated on 12 December 2@ifice 2015, aautomated radio telemetry
stationat SE Lighthouse (red stdiastrackedbirds withdigital VHF transmittersTurbine #1
(far rightturbing had a VHF telemetry receiving station in Z0tb 2019 Photo courtesy of
dwwind.com
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Figure 118. Block Island Wind Farm Turbine #1 (eastern most turbine) showing 8-of 4
element 7.1-dB) antennas (red arrows) mounted on railing8m3bove ocean.

In 2018, DWW staff rénstalled the %6-element Yagi antennas anee had thenreplace the

receiver used in 2017 with a né&ensorgnomeeceiver with anewer modetaspberry pi
processor.This receiverfrequently had technical issues resulting in data gapsag most of
2018(see Resultskoit wasreplacedn 2019with aLotek SRX800D1, installedon 24 June
2019.0ur original agreement with DWW was to use a receiver that transmits data remotely via
cellular stick. Howevertechnology for remote data acquisition was not yet avaifableffshore
locationsincluding the Block Island Wind Fardue tolimited cellular datacoverage. Therefore,

we insteadrequested thddWW staff download data from the receiver whieasibleduring
summermaintenance trips

The cetection range of each station varigith the height of thantennas on the tower, height of
thestation above sea level (gdBrrain surrounding towealtitude of he transmitting birdand

the antenna type (White and Garrott 1990, Kenward 2001, Taylor et al. BEL}ional
antennassuch a8-5 element Yagis havenastimatedietection range of-8 km, whereas-9
element Yagis can detect tags >3 km or fartheh) wigs often detected 20 km or farther (Taylor
et al. 2017)Omnidirectional antennas have a af€pree detection radiusitoa much more

limited range, typically around 500 m (Taylor et al. 2017).
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1.2.6 Calibration Surveys

1.2.6.1 Kite along moving transect:13 Sept2017

Using the USFWS Coast al Programdés 236 Parke

Loring and anothetechnician conducted a series of moving transects off the southern coast
of Block Island. Two Lotek nanotagwere taped to the upper surface of a large kite and the
kite was flown on a 122 m long string at a 30° angle resulting in a flight altitud206t5-

m altitude above the ocean surface as the boat motored at approximately 10 knots. A Lotek
SRX800 receiver wh GPS attached was activated to monitor the track of the boat and
ensure the tagwvereactive during these trial$he transect was ~B km from receiving

stations.

1.2.6.2 Kite along moving transect 9 July 2018
Using the USFWS CoastBlr o gr amoé s 2 3ith Tom &laldvilk as captairg Kevinv

Rogers and another technician conducted a series of moving transects off the southern coast
of Block Island. A Lotek nanotag was taped to the upper surface of a large kite and the kite
was flownon a 122 m long string at a 30° angle resulting in a flight altitud@25 m

altitude above the ocean surface as the boat motored at approximekatyts.0A Lotek

SRX800 receiver with GPS attached was activated to monitor the track of the boat and
ensure the tag was active during these tridie. transect was ~-Z kmfrom receiving

stations.

1.2.6.3 Kite along moving transect 16 July 2018
With Tom Halavik as captain, Peter Paton and an assistant attempted a calibration survey off

Block Island. However, due to extreme fog, the mission had to be aborted due to dangerous
conditions The transect was ~21 km from receiving stations.

1.2.6.4 Kite along moving transects 9 Aug 2018
Using the USFWS 7ch®akertbaal wwth Pamdlgavik as 6aptain, Kevin

Rogers and another technician conducted a series of moving transects off the southern coast
of Block Island. A Lotek nanotag was tapgedhe upper surface of a large kite and the kite

was flown at approximately 20 m altitude &bdhe ocean surface as the boat motored at
approximately 10 knots. A Lotek SRX800 receiver with GPS attached was activated to
monitor the track of the boat aedsure the tag was active during these tridie. transect

was ~ 29 km from receiving statits.

1.2.6.5 Drone 5 Fixed locations, 5 altitudes10 June 2019
Using the USFWS 7h&akertbaat withPTrom Halagikiad captain, Peter

Paton andsreg Bonyge certified FAA pilot, flew a Phantom3 drométh a test tag (#4)
attached to dronstrutat 5 fixed points at 5 altitude$g m 30.5 m 61 m 91 m and122 n)
for 2 min at each altitudét each altitude the drone would remain stationary2farin
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(Figures 1.9 & 1.20). Thestart timesand latitudelongitude coordinateszere: 1)Start time=
09:37; 41.13707771.514584, 2) Start time = 10:01, 41.122073,502009, 3) Start time =
10:24, 41.100499, 71.533742; 4) Start time = @044.105742;71.544638; 5) Start time=

11:07, 41.118533,71.541893Figure 1.20)We used! batteries for the drone to complete these
flights. Between fixed points the drone Pilot Baggwould land the drone in the boat, the boat
would move to the next fixed poiahd relaunch the dron€he points were ~-8 km from
receiving stations.

1.2.6.6 Drone 3fixed locations 30 m altitude - 27 June 2019
Using the USFWS 7ch®akerntbaat withPTroro Halagikiaé captain, Peter

Paton, Soroush Kouhi and Greg Bogeattempted a series of moving transects with a test

tag attached to the landing strut of a DJI Phantom 3 drone. However, it was so foggy off the
southern coast of Bloclsland, we had to alter flight plans to make sure we could keep track
of the drone Therefore, we flew stationary flights at three fixed point, 30 m altitude, for 15
min at each point. The flight times aladtude- longtudefor each point are: 1) Flighime

=9:527 10:08; 41.1331,;71.5241;2) Flight Time: 10:2210:33; 41.1252;71534; 3) Flight

Time: 10:50i 11:00; 41.1331,71.4241(Figure 1.20) The data were downloaded from the
Block Island stations on 28 Juri®oints were & km from receiving stains.

Figure 119. Quadcopter drone during calibration surveys within 1 kah@Block Island Wind
Farm. Right panel: Nanotag was taped to right lower strut of quadcopter.
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Figure 120. Captain Tom Halavik, USFWSretite pi | ot e d 7mPRPakerh&Fnd&s 6 s
the Block Island Wind Farm fairone and kitealibration surveys

1.2.6.7 Drone alongmoving transect- 9 July 2019

The goal of this survey was to mimic the direct flight patterntmfdby flying the drom at a

fixed speed similar to the flight speed of a t€lfd m per secbased on estimated tern flight

speeddf 10 m per second (Wakeling and Hodgson 1992) and a Piping Plover gier2second
(Hedenstrom et al. 2013, Stantial and Cohen 264é&also Anderson et al. 20L9GregBonynge
programmed the flight plan of the drone to fly thier8 long transect froreast to west, and then

return along the same transect from west to dgath 6km route was flown at 4 altitude$ © 0 0
(30.5 m)m) ,203000 4§ 6(191. 5 nThis tramsecowasi~2,600 m NW &f the m) ) .
Block Island Wind Farnand 3i 4 km fromreceiving stations

Thedrone wagprogrammed to start atfixed point(Figurel.21) by hovering for 306secondsnd
taking a GPS referenced pholdhephoto was taketo documenthe latitude and longitude (+ ~
10 m accuracyG. Bonynge pers. comn).aswell as theime and datePoints associated with
location#1 effectively documemdthe start time of each trae. The drone then shifted ~2
meters to locatio#2, took a picture, then hovered 8conds The drone had to shift because the
app DJI Ground Station Prousedby GregBonyngeto program the flightlid not allow him to
stack two waypoints on top of daother, and itid not allowhovering for longer than 30
secondsat a single waypoiniNext, the drone started the transect by acceleratihf toetergper
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secondapproximate flight speed of a temn) the outbounéast to wedeg, pausing briefly at
locations#3 and#4" to take a potoand collect GPS coordinates

These two waypoints were necessary because the app waubd fleé pilotprogram a flight

with any given leg longer than ~1000ihe outbound leg emd at locaton #5, taken another

photo, hover for 30 seconds, shift 2 m to location #6 and hover for 30 setakela poto,

hover 30sec small shift to location "6", photo, kier 30sec The inboundég ( west to east) also
flew at 10 mper secongdwith brief stgs at location#7 and#8for a photo, and erd at location

#9, take a photo, hover for 30 sec, shift 2 m to location #10, take a final photo and hover for 30

.
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Figurel.21 Locations of calibration surveys using a quadcopter drone with a test tag

attached to a strut on 10 June 2019 (left panel) at 5 fixed losdtbure circles) SE of Block

Island and 27 June 2019 (right panel) at 3 fixed locations (blue circlesjirdine was at

|l east 400 m from cl osest turbine in the Blo
from automated receiving stations.

sec. Ater each outbounthbound flight, the pilot flew the drone back to the waiting motorboat,
changedthedran6 s battery and conducted another fligl
FAA rules, the maximum altitude the pilot was allowed to fly was 12&hwith the drone.

1.2.7 Analysis of data

We based analyses bifd movements usingpmponents ofnodek and code developed by
Janaswamy et al. (20183 explained in section 1.2.6.3

1.27.1 Postprocessing of tag data

Raw detection data, artdg metadata, were sent to the Motus Wildlife Tracking System for
centralized processing (Taylor et al. 201 #phdesseddg detections were downloaded from the
Motus database using R Core Team version 3.6.3 (2020) and the Motus package in one of two
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ways.Data associated with the automated receiving stations at Black Rock, Southeast
Lighthouse, and the Block IslaMdind Farm were downloaded using the unique ID for a given
receiver(Table 1.4) This dataset includeany Common Tern, Piping Plover, and Roseate Tern
detected by the Block Island Towers, as well as detections of any other species passing by these
towers.To obtain detections of Common Tern, Piping Plover, and Roseate Tern nanotags by
other automated resgng stations in the Motus network, we downloaded the data using our

unique Motus project ID number (#14). For all detection¥ agi antennas, we filted the data
following recommendations by Taylor et al. (2017) and Crewe et al. (2RdiBjarily, we sed

Ar un sboéatagto filter our data. A run lengtimdicates a sequence of hits at a tower of a

given Nanotag IQhat are within the time inter’axpected by the burst length of that tAgun
includesshi t s that diff er betweendursts, and glévedhavenaigiyane per i G
missing time gapeween hits of that tadNoise in the environment around a tower from

interference can créabursts that seem like a tag detection, so it is important to apply filters to

the data to remove tise false positive$n general, théikelihood of a tag detection being false
decreases as a run length increasbsrefore, e first excluded any detgons with a run length

of 3 or lessas those detections have a higher probability of being a fatstve detection, and

we allowed for a maximum of 20 consecutive missing bursts of a given tag within each run.

Additionally, we excluded detectisn t hat wer e more than four mil
unigue burst interval between each consecutivetbUsing the traditional filtering algorithm,
omnidirectional antennas attached to Lotek receivers returned very few detections. Since this
result wasikely due tothe time intervals thdtotek receivers cyctethrough antennas
(compared to Sensorgnomexeivers thaare capable of detecting all antennas simultanequsly)
we applied a slightly different filtering process for those omnidirectional antelesasbed in
(Appendix1.8; note code will be inserted in next dyance data wredownloadedyve created
a dataframen our local computego that we could more easily work with dates and tjiraed,
importantly, transform timestamps from coordinated/ersal timeo easten standard timé§'e
were also careful to examine detectiona given tag over time and space to furttiscardany
implausible detections based on a given species flight speed or ecology. Once we obtained a
clean dataset for eagiear, we subset out tags associated with the calibration surveys, and joined
the Mots data with our banding dataset. All R code associated with this initial filtering process,
as well as any figures and tables can be found in Appdng)ix
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Table 1.4i Unique receiver IDs used to download datasets from Motus.org

Automated Receiving Year Receiver ID
Station
SELI 2017 Lotek-6448
2018 SG-30B8RPI3AB49
2019 Lotek-225
BIBR 2017 SG4001BBBK2230
2018 SG-B4B4RPI36D28
2019 Lotek-380
BIWF 2017 SG-2616BBBK1111
2018 SG2616BBBK1111
2019 Lotek-D000793

TheMotus.orgnetworkprovides several helpful tools that quickly summarize detection data for
each receiver associated with the proj&tiisincludesa graph showing timelinef a given
receiverper year of operation aralgraph illustrating the timeline of a givercegver
deploymentThe receiver deploymeftitnelineillustrates the number of tags detected by the
receiver (althougla rough estimate) as well as the amount of time the station Wwas ac
illustrated by the time a GPS unit associated with a given receagactiveand activity

patterns associated with the antenfigrefore, we used the deployment timeline to estimate
when the receiver was on and powered (GPS unit = On) ardsiwatedantenna etivity
patternsThe antenna activity patterns indicate when the antenna was detecting any noise or tags
in thearea We assumedof Sensorgnome receivensut not Lotek receivers, the lack of antenna
activity indicated when an antenna wanot powered, although more arsdyis needed

1.2.7.2 Converting signal strength between Lotek and Sensorgnome receivers

The signal strengtfrom the tags areecordedn aunitlessscale of 1- 255 from Lotek receivers
(www.lotek.com) Although mostreceivingstations during this study were equipped with Lotek
receivers, some stations used Sensorgnome receivers (www.compudate.ta).
Sensorgnome receivers, the received signal streagtes from104 dB to-40 dB, thus needed
to the Lotek ange using théollowing simple linearelationship J. Bruzowsk pers comn):

O TTO 1TQ04G TULOEI P (1)
whereZ is the signal strengtinom the Lotek rangeG&ois theSensorgnomeeceiver gainand
dBmis thesignal strengtlirom theSensorgome In this stuly the receiver gain, swas
assumed zero as it had the best compatibility with the signal rhr@®%) from Lotek

receivers.

1.2.7.3 Analysis of movements during calibration surveys
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First,welooked at all detections of a test @gring a givercalibration surveyandassignedach
detectionto aknown GPSlocationof the drone or kitdby matchinghe time of the detecticio
the nearest timepoint of the survey.

Wethenused the modeling appach developed banaswamy (2018 estimate the locations
of tags.Predicting the location of the tag requires converting the received signal from the
receiver to the actual signal strength accuraiéky.useddata fromthe calibration surveys to
adjug the parameters in the conversion &tipn used by Janaswamy et al. (2018)e following
equationrwasused to convert the received signal strength to the gubwadr:

0GR — Ei— p (2

where® mand® ¢ v showthe lower and upper limits of the received signal, Z is the
displayed signdirom receiver v is the expected received power in the noseknvironment,
0 is environmentahoise, and b is a constant value. The value of Mameere adjusted durin
the calibration survey that is the kite surveys in 2017 and 2018, and drone flight in 20&9
value of b was set to 0.3013, ane tralue of0 was setto 4.89g m ,4xp m ,and 10x
p 1t for the simulations regarding to 2012018, and 2019, respectively. Results of the
calibration will be presented in the next sections.

1.2.7.3.1 Estimating the radiation pattern of Yagi antennas

In order to find the intersection of the radiation eattcontours, eneeded to be able to

estimate the radiation pattern of eddgi antennaWe changed antenna annually (e.g., bearings
and number of elements, as well as thmber of antenna) at each station on Block Island at

Black Rock and Southeast lhtpouse station$-or this study, we used eithet, 5- or - element

Yagi arrayswhich had an estimated gain cti8®, 7.1, and 11.1 dB, respectively. All antennas

were tunedo a frequency band that overlapped the frequency of nanotags (166.380 MHz) based
on half a wavelength in frespace ( = 1.8 m).We estimated theadiation paern,"Q— of each
antenna based almnaswamyt al. (2018):

o 7

(5)

in whichr) andr) are calculated by
n 1 00X n 1 07 (6)

wherg is the phase per unit length ( Q -2 ), Qthe wave numbef® c*T_ |

and 0 is the effective length of the antenna. For thedement Yagiantennap) = 4.6 m and for
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the 5element Yagiantenna) ¢ & [3]. When these parametereastimated, Eq 4. is used to
project these patterns on a izontal plane at each desired altitude. If the tag is in the direction
of the main beam— 11, and Eq. (5) reduces to Eq (7) that can be simply used for the single
detections:

O

(7)

All Matlab code for calculating antennaavgngs are provided in Appendix 1.7.

1.2.7.3.2 Static model

The actuateceivedoowerus depend®nthe distance and direction dfe tagged bird and the
gain of the Yagi antenna. The relatioetween the received power and the location of the bird

can be expressed as
8 &

v C ———Dm—

where'Q— is the radiation pattern of the directional beam of the receiving anteimthe

angle made by hird locationand direction of the antenna in the local cawaite system, k
represents the wave numbergpresentshe flight altitude, H is the heiglof the station, and R

is the horizontal distance between the bird and the stati@nradiation pattern will be described

in the next sectiorfor bird and toweheights much smaller than the horizontal bird range to
tower, (i.e. BORIL 'Y, it can beapproximated that R = r (distance between tower and the bird)

andO E' @ "Q'Odwhich result in the following form of Eq. (3)

0 —-= (4

In Eqg. (4),— z, and R are the unknowns of the equatim.4 is the basis formula to calcaa

the bird location using the received signal and antenna paft@ma single value of received

signal, Hj. 4 results in multiple locations from the same signal strength that makes the prediction
of the birdnonrunique Therefore, we usedata fromsingle antenna detectiorendSimultaneous
detections among antenrtasestimate théocation of thebird (or test tagpand reduce the

associated uncertainties.

In this method, triangulation is used to estimate thelbaation in which the idtance between
the bird and at least twsimultaneous detections froseparate antennas at two or m@eeiving
stationss calculated. As there are usually limited number of simultaneous detegimused
time window with a secific length ithin therange of 30 to 100 secondd)e assumed the
detections within the time windowerenearsimultaneous detections. If the time window is too
large, the movemesbf the birdbetween detections cannotigeored. In this study, we
assumed a specified alide for the calibration surveys and several specified altii@de 30,
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60, and 90mjor the bird movement in Eq. 3. The intersectiopajectedantenna pattern

contours on the horizontal coordinafesthe corresponding sigrsih that specified altude

predicts the approximate location of the bird with the assumption that bird is not moving during
the time window(Figure 122). This method can be applied to different anteratabe same
stationor usingdifferent antennaat different stationEven though the uncertainty in the

estimated location is reduced with near simultaneous detections, preglatahe bird's location
with nearsimultaneous can still be inaccuraecause of the uncertainty in the estimated altitude
(Janaswamy et al. 281 Within each time window, there migbhly be single detections. For
thesesingledetectionsywe assumed that the bimdasalong the main beam of the received
antenna.

All Matlab code for estimating tag locations during calibraganveys fron20172019 are
provided in Appendix 1.6.
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Figure 122. Example of the intersection the simultaneous/near simultaneous detections from two
separate towers which represents the approximate location of th{ecki).
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1.3.0RESULTS

Thefollowing section summarizegtections of tagged birds from automated telemetry stations
on Block Island

1.3.1Black Rock station 2017

The Black Rock station was active from 29 Aug to 8 Dec in ZBigure1.23). A total of 6

unigue tagsveredetectedat Black Rock in 2017 fronflour different species3species of
shorebirds and Tree Swallow3)aple 1.4. Presumably because the station became active after
Common and Roseaterns had dispersed from breeding colonies to staging sites, and after
tagged adi Piping Ploversnigratedfrom the region, these focal species were not detected at
this station in 2017There were no time periods when the station was inactive and meshast
detectecenvironmentahoise and/or tags 24 hours per dalgere were noetections after Oct.3

In 2017, we had relatively few detections using threée®nent Yagi antennas, with no terns or
plovers we tagged detected out of the 339 detectiofis relatively similar detection rates

among each of the antennas: 102°: 134dtietes; 152°: 76 detections, and 201°: 129 detections
(Table 1.4). We detected a total of 6 tags in 2017 at Black Rock, with from 4 different species
including 2 Semipalmatellovers, 2 Semipalmated Sandpipers, 1 Tree Swallows, and 1-White
rumped Sandpipe

Table 1.4. Total number of detections féour species athree9-elementl1-dB antenna at
Black Rock station during the 2017 season.

Antenna bearing

Specied Tag ID 101.8° 151.8° 200.8° Total
Semipalmated Plover

39 38 29 73 140

96 19 19
Semipalmated Sandpiper

297.1 19 19

337 30 29 35 94
Tree Swallow

146 16 18 21 55
White-rumped Sandpiper

153 12 12
Total 134 76 129 339
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Black Rock (BIBR) 2017: Sensorgnome receiver - Beaglebone Black,

9-Element Yagis on a 6 m Popup Tower
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Figure 123. Chronology ob tags detectedt Black Rock station fror80 Aug to 8 Dec 2017
The receiver was &nsorgnome with beaglebone black processags associated with this
project (Project 14) are circles and tags registered to btbers projects are triangle8lue
boxesfor each antennat the top represent days when e&etlement3-dB antennathe 10dB
omnidirectionalwere active and recivinigformation (tags or environmental noise)d wherthe
GPS at the statiowasactiveindicating that the station was powered smaller boxes argays
when receiveor antennasverenotreceivingdata for the fuR4 hrsin aday, and no blue box
indicatesthe GPS oantennasvas not activer receiving datéhat date
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In 2017 at Black Rock, estimatesrunlengthwere under 10 mifmedian =6.2min, 2575"
percentiles 3.1 to 7.7 min, N =Yincluding for 2 Semipalmated PlovéSEPL)(1.6 to 6.2
min), 2 Semipalmated Sandpip€&ESA)(7.8 to 8.2 mii, 1 Whiterumped SandpipgiWWRSA)
(3.1 min and one Tree Swallo@RES)6.7 min) (Figure 124). The total number of detections
perrunranged fom 121 102detectionsdverage = 48.4, SD = 36,8vith an average of 8.9
detections per min (SD = 4.9).

Black Rock - 2017

Run Length (min)

1 T T T T

Figure 124. Run length(min) that tagged birdghatwerecontinuously trackeat Black Rock
station in 207.

1.3.2Black Rock station: 2018

The Black Rock station in 2018 was active from 20 June to 22 Aug, with the exception of ~ 1
week from 2 July to 10 July (Figude25). Peak detections occurred fromil24 dly, which
was when most Common and Roseatedevere detected.

In 2018, with three #lement Yagi antennas and one 6.4 m omnidirectional antenna. we
had a total of 5,127 detections from a total of 36 tagged individuals, with most tags (29 tags)
detectedn the antenna facing 166° (Table 1.5). Altofsseven species were detected including
14 Common Terns (3 from Falkner Is, CT; 11 from Great Gull Is, NY), 5 Piping Plovers (all
from Trustom Pond NWR, RI), 11 Roseate Terns (3 from Falkner Is, CT; 8Great Gull Is,

NY), and 2 Red Knots, 1 Sandexi, 1 Semipalmated Plover, and 2 Semipalmated Sandpipers
tagged by other projects. The antennas facing 136° (1,123 detections of 12 tags) and 196° (462
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detections of 7 tags) and omnidirectional antenna (78&tiens 12 tags) tended to have fewer
detectims than the antenna facing 166° (2,754 detections of 29 tags).

Black Rock (BIBR) 2018:
Sensorgnome receiver - Raspberry Pi
6 m Rohn Tower with 5-element Yagis
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Figure 125. Chronology of tags detected at Black Rock station from 20 Jun to 22 Aug

2018. The receiver was 8ensorgnomeith a raspberry pprocessorTags associated with this
project Project 14) are circles and tags registered to other Motus projects are triangles. Blue
boxes at the top represent days when the GPS at the stasantiveand when each antenna
was detecting either tag [stis or noise in the environmesmaller boxes are days when receiver
detecting any data for the fl#4 hrsof aday, and no box indicatéisereceiver was not activg

the GPS) or was not detecting atata (if an antenna) on a givdate.
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Table 15. Total number of detections on each of thel&meni3-dB Yagi antennas or &0
omnidirectional antenna at the Black Rock station in 2018.

Antenna Bearing

39

Specied Tag ID Grand
(capture location) 354° 234° 114° Omni  Total
Common Tern 387 1670 353 533 2943
6 (Falkner Is, CT) 18 18
15 (Falkner Is, CT) 7 301 34 71 413
20 (Great Gull Is, NY) 37 37
21 (Great Gull Is, NY) 19 150 43 10 222
48 (Great Gull Is, NY) 63 63
51 (Great Gull Is, NY) 24 24
62 (Great Gull Is, NY) 118 118
64 (Great Gull Is, NY) 6 52 19 55 132
67 (Great Gull Is, NY) 165 165
120(Falkner Is, CT) 144 42 186
171(Great Gull Is, NY) 23 23
176(Great Gull Is, NY) 203 521 257 318 1299
177 (Gred Gull Is, NY) 152 44 196
179(Great Gull Is, NY) 47 47
Piping Plover 379 183 30 592
94 Trustom NWR, RI 30 30
95 Trustom NWR, RI 30 30
96 Trustom NWR, RI 379 112 491
168 Trustom NWR, RI 37 37
170Trustom NWR, RI 4 4
Red Knot 69 21 90
41 69 69
109 21 21
Roseate Tern 27 880 109 176 1192
17 (Great Gull Is, NY) 15 43 16 36 110
19 (Great Gull Is, NY) 25 25
22 (Great Gull Is, NY) 71 71
50 (Great Gull Is, NY) 17 17
53 (Great Gull Is, NY) 11 11
106 (Great Gull Is, NY) 28 28
115 (Falkner Is, CT) 320 320
180 (Great Gull Is, NY) 35 35
253 (Falkner Is, CT) 12 247 79 108 446
257 (Falkner Is, CT) 28 32 60
Sanderling 52 17 69
366 52 17 69



Grand

Specied Tag ID 354° 234° 114° Omni Total
Semipalmated Plover 68 68
202 68 68
Semipalmated
Sandpiper 141 32 173
254 141 141
259 32 32
Total 1123 2754 462 788 5127

The run lengths for individualsegardless of speciedgtected at Black Rock averaged 13.0 min
(median = 6.9 min, 25%5% = 2.8 16.4min) (Figure 126). Common Terns (COTE) and
Roseate Terns (ROST) tended to be detected by the Black Rock statioB for€dnilar

lengths of time (median (2B5" percenties = COTE:5.8 min(3.11 16.7 mir); ROST:6.4 min
(2.47 8.3 min), which was not different from the length of detections for Piping Plovers (PIPL):
4.4 min(2.47 33.1 min (KruskatWallis H = 030 P = 0.81)(Figure 1.26). Sanderlings

(SAND) (median =14.2 min), Semipalmated Plove7 0 min) and Semipalmated Sandpipers
(SESA) 0.1 mir) were all detected faelativelylong run lengths For the thredocal species

we tagged, the median (range) of detectjpaisrunwas similar: COTE: 6013-137 detecton per
flight segment), PIPL: 30L{7-264), and ROST28 (6-60), where we defined a flight segment as

continuous detections with no detections over 10 min &paly 2 of 46 flight segments were on
the same day)
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Black Rock - 2018
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Figure 126. Run length (min¥or 7 species of tagged birds thatre detecteffom theBlack
Rock station in 2018,

1.3.3Black Rock station: 20B

The Black Rock station was operational frérdun to 1 Sep in 201@lthough there were no
detections aftet0 Aug 2019(Figure 127). There were no days when the station was inactive,
although there might have been some power issues betwdahJlihe based on GPS data
(Figure 127). Therewasa total of40 unique tags, of which3were Common Tern@,507total
detections)We also detecte8lPiping Ploverg29 detections)in addition to 3 Red Knoi&l9
detectionspnd 1 Semipalmated Plovgr detections)Most Common Terns were detected from
24 Jun to 29 Jul
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Black Rock (BIBR) 2019: Lotek receiver
5-element Yagis on a 3 m Rohn Tower
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Figure 127. Chronology otags detectedt BlackRock station from 16 Jun to 1 S2p19 The
receiver was a Lotek SRX800 receivEags associated with this project (Project 14) are circles
and tags registered to other Motus projects are triarigli@s.boxes at the top represeayd

when the GPS at ¢hstationwvasactiveand when each-element 8dB antennaor a 10 dB
omnidirectional antennaas detecting either tag bursts or noise in the environrseriler

boxes are days when receidgtecting any data for the fd¥4 hrsof aday, and no box indates
thereceiver was not activ@ the GPS) or was not detecting any data (if an antenna) on a given
date.

In 2019, there was considerable variation amsetement Yagantennas in the total number of
unique tag detections, with tamna facing SW234°)having81% of the2,589 detections at this
station, while the antenna faci&de (114°) with 14.6% andW (336°) had only3.7% for all
detectionsthe omnidirectional antenna had only 0.5% of total detec{iDaisle1.6).
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Table 16. Total number of detections on each of tinee5-element8-dB Yagi antennasnd
onel0-dB omnidirectional antennat the Black Rock station in 291All Common Terns were
tagged by us on Great Gull Island, and Piping Plovecsastal Rhode Island

Antenna Bearing

Speciestag ID 114° 234° 336° Omni Total
Common Tern 366 2049 92 2507
9 48 125 20 193
10 34 107 10 151
11 83 83
12 11 11
13 25 108 13 146
14 5 129 7 141
15 140 140
16 97 110 207
22 7 7
23 15 21 36
24 40 74 4 118
25 7 9 20 36
27 12 76 88
28 118 118
29 38 38
145 43 43
146 31 107 138
147 72 72
148 27 55 8 90
149 24 24
151 21 21
152 34 34
473 36 36
474 15 33 48
477 9 9
478 25 25
503 83 10 93
504 20 20
505 100 100
507 31 31
508 126 126
509 24 24
510 10 50 60
Piping Plover 13 4 12 29
5 12 12
41 7 7

43



Speciestag ID 114° 234° 336° Omni Total

41 7 7

468 6 4 10

Red Knot 12 37 49

29 24 24

32 8 13 21

219 4 4
Semipalmated

Plover 4 4

338 4 4

Total 378 2103 96 12 2589

In 2019, aotal of40 unique tag$rom 4 species thavere detected at Black Rock statidrable
1.6). We detectec high percentag8g3 of 40 82.5%) of theCommon Ternsve tagged on
Great Gull IslangNY for this projectwhich is ~45 km west of Block Island. Vééso detected
3 of 18Piping Ploverave tagged in 2019 in Rhode Island, which were tagged on Ninigret
Beach, in contrast to 2018 when we only detected plover tagged at Trustom Pond\NWR
deteced 2 species from other proje@@Red Knots and Semipalméd Plover

In 2019, there were Blrunsfor 4 species (median 7.1 minsec; 2575" percentiles8.5 to 13.0
min) (Figure 128). For Common Terns, we ha@@ runsfor 33 individual tagged birds (median
=7.2 min(range3.5 to 12.8 mip For Piping Ploers, we had runsfrom 3 different tagged
birds (rangel.4 to 15.9 mip 4 runs of 3 taggedRed Knots (rang6.01 23.6 mir), and 1
Semipalmated Plove# (0 min.
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Figure 128. Run length (min) ofagged birds were tiected at Black Rock station in 201
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1.3.4Southeast Lighthousé 2017

The Southeast Lighthousstation was operational frofrf© May to 20 Oct in 2017And part ofa

previously funded BOEM studstationsLoring et al. 2019Figure 1.3). We provide a

sunmary of detections from this tower, as it was 12 m tall and keldrBent 11dB Yagi

antennas, rather than shorter (3 m or 6 m tall tower) used ina2@18019 for this studyhere

was a total o0 unique tagsyith 2,957 detections (Table 1.@) which 16 were Common Terns

(1,822total detections). We also detecte@lPiping Plovers125detections)2 Roseate Terns

(88 detections), 6 species of sHurdstagged by other researchéktgast Sandpiper, Red Ko

Sanderlig, Semi@lmated Plover, Semipalieal Sandpiper, and Whitemped Sandpiper) and

four species of passerinEem other research projediGrayc heeked Thr ush, Nel sc
SaltmarsiSparrow, and Tree SwallowW)able 1.7.

In 2017 at Southeast Lighthouslich had antennas on a-t®tall tower, the antennas facing N
(bearing = 0°), NE (60°), and SW (240°) had the greatest detection rates (31, 29, and 33
individual tags, respectivel10, 648, and 945 total detections, respectively). In csinthe
antennas facing S (180°) and NW @2¥had much lower detection rates (8 and 12 individual
tags, respectively; 141 and 96 detections, respectiyEddle 1.7).

Median runlengths, regardless of species, for detections at Southeast Lighthouse in 2017 were
8.6 min (24'% to 7%'% = 3.37 19.0 min; N = 137). The three focal species had similar run
lengths: Common Terns (median = 10.3 min;i322.2 min; max = 110 min), Rogealerns

(20.6 min; 4.0° 18.9 min), and Piping Plovers (6.0 min; 4.0.3 min)(Figure 130)(Kruskat

Wallis H = 1.6,P = 0.44). Run lengths for shorebirds tended to be slighter longer (e.g.,
Sanderling: median = 22.4 min, Least Sandpiper = 11.2 min, Retl#K9.4 min, Semipalmated
Plover = 12.2 min, Semipalmated Sandpiper = 6.6 min, Whitgped Sandpiper = 2.6 min)

(Figure 131), whereas passerines tended to be detected for slightly shorter runs (Saltmarsh
Sparrow = 8.6 min, Tree Swallow = 5.5 min, Gicheeked Thrush = 8.7 min)(Figure32).
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Scutheast Lighthouse (SELI) 2017: Lotek recsiver
9-element Yagis on a 12 m Rohn Tower
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Figure 129. Chronology oftags detectedt the Southeast Lighthouse &iatfrom 10 May to 20 Oc2017
with a Lotek SRX800 receiverl.ags associated with this project (Project 14) are circles and tags
registere to other Motus projects are trianglBexes at the top represent days when the GPS at the
stationwasactive(orang boxeshand when each-element &lB antennar a 10 dB omnidirectional
antenngpurple or green boxesjeredetecting either tag bursts or noise in the environnsemller
boxes are days when receidatecting any data for the fld# hrsof aday, andho box indicatethe
receiver was not activ@f the GPS) or was not detecting any data (if an antennapoeadate.
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Table 17. Total number of detections on each of $he9-elementl1-dB Yagi antennas at
Southeast Ligttouse in 2017

Antenna Bearings

Specied Tag ID 0 60 120 180 240 300 Total
Common Tern 209 400 419 141 645 8 1822
21 36 67 4 107
34 5 5
38 49 23 9 12 93
124 18 5 15 38
125 9 9
130 8 14 28 5 81 136
132 59 59
133 13 11 4 66 94
138 5 5
210 7 8 15
215 5 21 4 27 57
265.1 16 103 184 28 133 464
274.1 4 4
484 113 185 156 85 166 705
487 9 9
494 10 12 22
Gray-cheeked Thrush 37 16 53
67 27 9 36
98 10 7 17
Least Sandpiper 46 54 10 16 9 135
186 46 54 10 16 9 135
Nelson's Sparrow 4 4
489 4 4
Piping Plover 7 55 63 125
16 12 12
59 9 9
256 22 22
261 14 14
265 7 7
268 5 5
270 10 10
272 5 5
273 34 34
276 7 7
Red Knot 16 5 16 37
61 16 16
357 5 16 21
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Antenna Bearings

Specied Tag ID 0 60 120 180 240 300 Total
Roseate Tern 14 15 4 55 88
279.1 28 28

489 14 15 4 27 60

Saltmarsh Sparrow 5 32 37
469 5 10 15

483 22 22
Sanderling 22 17 7 24 16 86
414 9 9

428 6 17 7 30

431 16 15 16 47
Semipalmated Plover 46 56 76 11 8 197
30 41 41

39 23 26 7 4 60

91 6 7 17 30

96 8 4 12

152 7 7

244 10 10 4 24

250 5 14 19

256 4 4
Semipalmated Sandpiper 109 52 17 6 41 19 244
162 5 5

190 10 10

207 10 14 24

293 4 4

310.1 4 4

312 13 13

326 9 9

337 6 4 18 28

408 4 8 12

477 7 7

478 31 9 6 23 11 80

489 15 10 25

494 15 8 23

Tree Swallow 4 8 4 16
146 4 8 4 16
White-rumped Sandpiper 5 50 8 50 113
153 5 5

185 22 22

200 5 10 15

201 4 4

202 4 4

206 22 8 30
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Antenna Bearings

Specied Tag ID 0 60 120 180 240 300 total
223 20 20
227 9 9
436 4 4
Total 510 648 607 151 945 96 2957
120
e SE Lighthouse - 2017 - Focal Species
100 T ®
0
5 801 s
£
> 60
é T °
e
Q 40 A
c
)
@ 20 A L
0 - - %
Common Tern Roseate Tern Piping Plover

Figure 130. Run kength of detectionsiiinuteg for focal species tracked by the Southeast
Lighthouse station in 2017, which was a Lotek receiveraand4 0 0
Yagi antennasA run wasdefined as continuous, sequentatections <10 min apart.
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Figure 131. Run lengthof detectionsrfinuteg of shorebirddrom other projectsracked by the
Sout heast Lighthouse station in 2017, which wa
element Yagi antennas.
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Figure 132 Run kength of detectionsr{inuteg of songbirds tracked by the Southeast
Lighthousestai on i n 2017, which was a Lotelenhkentr ecei vel
Yagi antennas.
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1.3.5Southeast Lighthouse: 2018

A Sensorgnomeeceiverwith a raspberry pi processor was active at Southeast Lightetaigmn
from 14 Jul to 17 Aug 201@-igure 1.33). We initially attempted to start the receiver on 20 Jun,
but hardware issuatelayedthe start date until 14 Jilowever, there were majorgislems with
the receiver this field season starting the end of July, when the receiver was only adlgasion
active. There were only 6 tags that were detected this field season, 4 Common Terns and 2
Roseate Tern©n 15 Aug, attempt to reboot and repower system were only successful for ~1
day, and we also had major issues downloading data off the raspbgystem, which was a
common problem for Motus users with tiiensorgnomsystem

Tags were only detected on thelgment8-dB antenna with a south bearing (166°), as there
were no detections of any tags from the omnidirectional antenna (I.8pler'here was a total

of 315detectiors from 6 different tags from 14 July to 17 Aug 20T8is station only had two
antennas this field season. In 2018, there were only two species detected at Southeast
Lighthouse, 2 unique Roseate Te(BS total detectios) and 4 Common Tern&62 total
detections)which were both detected on thel@mentyagi antenna with a south bearing (Table
1.8). Of the four Common Terns, we tagged three ~ 45 km away at Great Gull, NY and we
tagged one ~ 90 km away Falkner Islandl, @nterestingly, the Roseate Tern from Falkner
Island was detected on three differdays between 15 July to 25 July.

Table 18. Total number of detectiore a 5element-dB Yagi antennaat Southeast Lighthouse
from 14 Julto 17 Aug 2018The 10-dB omnidirectional antenna in 201%d no detections.

Specied Tag ID Antenna bearing 166°

Common Tern 262
15 62
20 79
120 94
176 27

Roseate Tern 53
17 23
253 30

Total 315
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Southeast Lighthouse (SELI) 2018: Sensorgnome-Raspberry Pl
5-element Yagis on a 6 m Pop-up Tower
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Figure 133. Chronologyof tagsdetectedat Southeast.ighthousefrom 14 Julto 17 Aug 2018
The Sensorgnomeeceiver haa beaglebone black processbags associated with this project
(Project 14) are circles and other Motus projects are triarigbe®s at the topepresent days
when thestationGPS(brown boxesp-element 8dB antennaor 10 dB omnidirectional antenna
(purple boxesyvere detecting either tag bursts or noise in the environreeatiler boxes are
days when receivatetecedany data for théull 24 hrsof aday, and no box indicatéise
receiver was not activy@f the GPS) or was not detecting any data (if an antenna) on adaten

Species @

Due to few detections at Southeast Lightleouns2018, there were few runs (9 total) (Figure
1.34). For Common Terns, median run length = 2.2 min @ahgi 8.8 min, N = 7), while runs
were shorter for Roseate Terns (range = 246 min, N = 2) (Figure B4).
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Figure 134. Run length (min) obirds trackedy the Southeast Lighthouse station in 2018,
which was é&Sensorgnome e cei ver and a -2lénentVYagilahtennan we r

1.3.6 Southeast Lighthouse: 2019

Due to the poor performance of tiensorgnomeeceiver in 2018, we switched to a Lotek
receiver in 2019 which waective at Southeast Lighthastation from 3 Jun to 30 Dec 2019
(Figure1.35). We had detections from 29 June to 29 Oct@®4Q There was onemonth
period when the receiver was inact{®4d..5% of days station was deployead there appeared
to be power issues at this statiorotighout 2019, aimdicated by gaps in GPS fixésigure
1.32). We detected 21 individual tags from 6 differepeciesWe detected® Common Terns]
Piping Plover that we had tagged for this proj@etble 1.9) In addition, we detected 1 Red
Knot, 3 Senipalmated Plovers, 5 Blackpoll Warblers, and 1 Savannah Sparrow from other
Motus projects.
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Southeast Lighthouse (SELI) 2019: Lotek receiver (SRX800)
5-element Yagis on a 3 m Rohn Tower
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Figure 135. Chronologyof tagsdetectedat Southeastighthousestationfrom 3 Junto 30 Dec
2019. Thereceiverwasa Lotek SRX800.Tags associated with thisgpect (Project 14) are
circles and tags registered to other Motus projects are triaBgigss at the topepresent days
when the GPS at the statiasactive(brown boxes) and when theelement 8B antennar a
10 dB omnidirectional antenrfpurple lmxes)were detecting either tag bursts or noise in the
environmentsmaller boxes are days when receietecting any data for the fuR4 hrsof a

day, and no box indicatéisereceiver was not activé the GPS) or was not detecting any data
(if an anenna) on a givedate.

We had a total a232 detections of 2 unique tags at Southeast Lighthouse in 20Eble1.9).
Birds were more likely be detected by thelbment Yagi antennas facifg§° ESE (13 tags
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48% of 232 detectigror 178° (S)(8 tags 38%) compared to the Yagi facir@8° (NNW) (5
tags 12%. Thel0-dB omnidirectionalonly detected on€ommon Tern (1.4% of detections)

In 2019, there were 6 species detected at the Southeast Lighthouse Stdtleri (9 All 9 of

the Common Terns waetected were tagged by us at Great Gull Island, NY, which is ~ 47 km
away; all these tags were alsaattedby theBlack Rockstationin 2019. The one Piping

Plover was tagged at Ninigret, Rhode Island in 2019 and also detected at Black Rock station.
Birds from other Motus projects include passerines (Blackpoll Warbler and Ipswich Savannah
Sparrow) andghorebirds (Red Knot and Semipalmated Plover).

Table 19. Total number of detectioren three Eelement3-dB Yagi antenna ard one 16dB
omnidirectional antennat Southeast Lighthouse station fr@8duneto 31 Dec 2019

Antenna Bearing

Specied Tag ID 98° 178° 338° Omni Total
Blackpoll Warbler 29 10 6 45
344 9 9
355 6 4 10
359 6 6 12
360 5 5
372 9 9
Common Tern 60 70 10 3 143
11 22 22
16 8 7 15
23 7 7
24 14 16 6 36
25 7 7
27 5 5
145 11 11
146 15 18 33
148 3 3
474 4 4
Piping Plover 8 8
468 8 8
Red Knot 8 8
219 8 8
Savannah Sparrow (Ipswich) 5 5
355 5 5
Semipalmated Plover 14 9 23
330 4 4
331 9 9
332 10 10
Grand Total 111 89 29 3 232
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There vasa total of 23 runs detected at Southeaghttiouse in 2019, with a median length of
5.3 min (range = 2.1 22.7 min) (Figure B6). Run lengths for Common Terns (median = 4.4
min; range = 2.1 min to 18. min; N = 12) and Semipalmated Plovers (media8.# inin, range
= 3.6 mini 22.7 min; N = 3)were variable (Figure 36).
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Figure 136. Run length for 6 species of birds detected at Southeast Lighthouse in 2019.

1.3.7Block Island Wind Farm i Turbine #1; 2017

Deepwater Windtaff deployed a receiver and 4tannason 4 Aug 2017with the receiver
remaining on the Turbine unti? Oct 2014vhen the SD card was picked up (Figur&r}),. with
a total of 93 detections of 2 tags (1 Common Tern and 1 Least Sandiapé)(.10) There
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were power issues with the egeer from ~ 20 Aug t&\ug 27 for unknown reasor($1% of the

days the station was active), as the antennas had no evidence of activity although the GPS was
still active (Figure 137).

Block Island Wind Farm (BIWF) 2017:
Sensorgnome receiver - Beaglebone Black
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Figure 137. Summary of tagged birds that were detected by thestaicated on Turbine #1 on
theBlock Island WindFarm fromearly Aug to midOct 2017 Boxes at the top represent days
when the GPS at the statiasactive(yellow boxes) and when thgagiantennasdqrange

boxeg were detecting either tag bursts or eais the environmensmaller boxes are days when
receiverdetecting any data for the fd# hrsof aday, and no box indicatéise receiver was not
active(if the GPS) or was not detecting any data antenna) on a givelate.
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The station was actived after most Piping Plovers had initiated their southward migratidn
mostCommon or Roseate Terpsobably had moved to staging sites (Loring et al. 2019), which
explains why there were few detectsoof focal speciesThe one Common Tern we detected

was tracked for 9.0 min (93 total detections), whereas a Least Sandpiper was tracked for 25.4
min (145 total detections). The Common Tern (ID#124) was detected by all four antennas,
whereas the Least8dpiper was only detected the antenna facing easte(Tal0).

Table 110. Total number of detectioren four 5elementYagi antenna located on Turbine #1
of the Block Island Wind Farm from early Aug to m@tt 2017

Antenna Bearing

Species tag ID 76° 166° 256° 345° Totd
Common Tern 15 44 7 27 93
124 15 44 7 27 93
Least Sandpiper 145 145
186 145 145
Total 160 44 7 27 238

1.3.8Block Island Wind Farm T Turbine #1: 2018

A new Sensorgnome receiwegasinstalledon Turbine #1 orf June 2@8 and the receiver vea
apparently active for one day, then failed until late July when it was active for another week
before failing againthe station was not operations for 88% of thgsdt was deployefFigure
1.38; upper pangl There were no data on the SD card, tinese¢ were no detections to report
for this station for 2018. Reasons for the failure of3kasorgnomo collect data aranclear
butwere probably related tecmical issues with theeceiver but we cannot rule out
interference from other equiptmeattthe station Unfortunately because we cannot monitor
data acquisition in the retime with this receiver (e.g., there is WiFI or Bluetooth

connection), we add not determine if there were data acquisition issues until after data were
downloaded.

1.3.9Block Island Wind Farm T Turbine #1: 2019

DWW staff installeda new Lotekreceiver or24 June 2019and the receiver appeared to collect

data for ~Imonth (Figure 138, lower pangl and therevereno detections of tagged birds during

this I-mont period.However, after 25 June the receiver became inactive with no GPS signal or
antenna activity (72.5% of the days it was deploy®d.hoped the Lotek reozer would be

more reliable than thBensorgnomhat had major data acquisition issues in 2018 this

receiver was not capable of remote data acquisition creating logistical challenges for data access
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Again unfortunatelythere were no detections@igged birdgollected from Turbine #1 in 2019.
Reasons for the lack of detections remain umclea

A) Block Island Wind Farm 2018: Sensorgnome Receiver (Beaglebone Black)
6-element Yagis on the Wind Farm Turbine Railing Platform (96 ft)

N o wo=s o O O OO0 MO0 MOWOMOo N M~NM~N -
— N NM OO~ NN OO NN OO NN O O~~~ NN
> > > > C C CC CcCCc 3353535353535 000000000000
@ 0 0o ®@ 5 3 3 3 I I 55555523 333 3T 2 9020 0 o0 oo
==2=2=2""2"2 92 07 <L CC LT CONDONOWO

75.83 (ENE)
353.89 (N) |||
1]
£
© 255.83 (WSW)
<
165.83 (SSE)
GPS Fixes
B) Block Island Wind Farm 2019: Lotek receiver (SRX800 D)
5-element Yagis on the Wind Farm Turbine Railing Platform (96 ft)
165.9 (SSE)
255.9 (WSW)
1]
£
o 75.9 (ENE)
<
oo [N
GPS Fixes
o 0N o wWw o wowo g e T O s oMo M0 Mo Mo m oM
NN N O — — NN O O — — N O O e N NNO O~ —
cC 5353535 535S 5SS o000 Dao oo ool B o6 H
3335555552232 8B8B8BHHO0000CG

Figure 138. Summary of receiver activity patterns on the Block Island Wind Farm turbine #1. A
Sensorgnome receiver was used in 2018 (upaeel) and a Lotek receiver in 2019 (lower

panel). No tagged birds were detected either.y€he yellow/aange lines represent when each
antenna was actiyand thewhite indicates inactiwt Days with partial activity are surrounded

by white rectangle Yellow boxes indicate when th&PS at the statiowasactiveand receiving
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power. The orange boxes igdie when eacantennavasdetecting eitheunregisteredag bursts
or noise in the environmergmaller boxes are days when receletecting any ata for the full
24 hrsof aday, and no box indicatéisereceiver was not activ@f the GPS) or was not
detecting any data (if an antenna) on a guate.

1.3.10Run lengths

We defined drunod as sequentialetections from a receivérat were €0 min (600 sec) apart
thusa run could contain detections from multiple antennas on the same receiver, but not
continuous detections from the different receivétss differs from the Motus dimition of a
rurmm@nmecuti ve series of detections (hits) of
https://githubcom/MotusWTS/motusServer/blob/master/inst/doc/motus_data_overvig¢thatd
we previously used to filtehe datgsee 1.2.6.1)YOverall, when data for all individuals were
pooled, the average run length was 11.9 min (SE = 0.8 min; median = 6.9 hif§25
percentileg 3.27 14.3 min, range = 0.4 to 110.5 min; N = 335 runs; Figu38)1.We pooled
data from both stations on Block Island from 22D19 to investigate differences in run length
among species. Somewhat surprisingly, we did not deteististly significantdifferences in
run length among species groupgsuskal Wallis H = 3.9, P =0.41) Median(25"%-75"%) run
lengths were similar among species (e.g., Common: Te4rmin(3.3-15.9);Roseate Terrb.9
min (2.1-12.6);Piping Plover4.8min (3.5-8.7), Shorebirds7.1 min(2.9-18.6);and Passerines
6.5 min (4.9-8.6)) (Figure 140). Two Common Teratracked for>100 min wereoutliers.
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Figure 139. Summary of run lengths (min) for all individuatacked by automated telemetry
stations on Block Island, Rhode Island from 2@0249.
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Figure 140. Run length for species based on a data pooled from all towers on Block Island from
20172019.

We compared two detectianetrics (run length and total number of detections per run) for
tagged birds detectday the 12 m tall station at Southeast Lighthouse (SELI) in 2017 to the other
stations that we operated on Block Island from 2RQ¥9 that were either 6 m tall or 3 ailt
These shorter (06 m t adlemens-dBaragi amtensgratharitharo t y pi ¢
the 9element 11dB Yagi antenna that was located on Southeast Lighthouse in @it the

one exception was Black Rock in 2018 which also hag@®entyagi antennasie compared
therunlengthfor differentstations each year, as we egfeel that Southeast Lighthouse in 2017
with a 12m tall tower could detect tags for longer runs than shorter stations (Figie 1.

However there was no difference amg stations when comparingn lengths among stations

(H =9.4, P =0.09) We detectd a significant difference in theinlength of erns (Common and
Roseate ternsyvhichwere tracked for 22.6 min (7.4 to 48.9 minedian, 2575 percentilesby
SELIin2017 compared to 6.9 min (2.4 to 12.6 min) by all other sta(dasn-Whitney U =

1637, P < 0.001). There was no difference between shorebirds trackedtlhée&st ighthousen

2017 (10.9 min (2.9 25.7 min)) compared to other stations (7.4 min (4.2in#0.1 min)
(MannWhitney Ui 361.0, P = 0.55Riping Plovers $outheast Lighthousa 2017 = 6.0 min

(3.57 9.1 min)) compared to other stations (4.6 min (3.7 to 13.4 min)) (Mdmitney U = 44, P

= 0.79), or songbirdsSputheast Lighthouse in 205.5 min (2.1 = 22.9 min)) compared to

other stations (6.5 min (4.7 to 6.9 min))(Mawitney U = 12, P = 1.0).
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Figure 141. Differencein run length (min) among tracking stations on Block Island from 2017
to 2019. Southeast Lighthouse in 2017 had antennas constructed em dallZower, whereas

all other station had 3 m or 6 m tall towers (Table 1.3). There was no statisticalficargni
difference in run lengths among stations.

1.3.10.1 Run patterns

A key aspect of runs is not only the length of the run, but variation in signal strength between
contiguous detection$he variation in signal strength throughout the run can hegrdae the
probable behavior of the bird. We provide some examples to highliifgrences in probable
flight characteristics. At one end of the spectrum is a Common Tern that was detected for ~50
min by the Black Rock Station on 18 July 2018 (Fig2L.This individual was being tracked by

a Sensorgnome receiver, and there wasiderable variation in signal strengtiig dB toi 42

dB suggesting this bird was foraging off the nearshore southern coast ofi@tuk Two

other terns, a Roseate andn@oon tern, show similar movement patterns (Figu4&)1.In

contrast, the rungf two shorebirds, a Sanderling and a Piping Plover, exhibit much less
variation in signal strength between contiguous detections (Figtdesluggesting a steady,
directed fight. Presumably these birds were migrating in relatively straight directébn an
variation in signal strength reflects the angle of the direction of arrival of the signals from their
transmitters.

62



Common Tern Detected by BIBR on July 18, 2018
ESE Ant: 259 detections for 26.71 min
SW Ant: 257 detections for 34.78 min
NNW ant: 157 detections for 29.05 min
Omni: 281 detections for 29.21 min

Antenna Bearing: e 113.86 @ 233.86 ®© Omni ® 353.86
BIBR 2018

Nanotag 176
COTE

-50

-60

Signal Strength

Figure 142. Example run of a Common Tern detectgdhe Black Rock Statioan 18 July
2018. This tagged tern was detected by@dment Yagi antennas and 1 omnidirectional

antenna for ~50 min. Based on variation in signal strength, this individual was presumably
foraging south of Block Island.
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Antenna Bearing: @ 11386 ® 23386 ® Omni ® 353.86
BIBR 2018
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Figure 143. Example runs for four tagged birfiiging past Block Island based onnation in
signal strength. Shown are runs for a Roseate R®OTE;upper panel), Common Tern
(COTB), Sanderling $AND) and Piping PloverRIPL; bottom panel).

1.3.11Comparing Sensorgnome vs Lotek receivers

We also compared thren lengthbetween sguential detections of individually tagged birds at
stations on Block Island from 202019(Figure 144). Sensorgnome receivers are designed to
gather incoming signalsmsultaneously from all antennas attached to the receiver, whereas Lotek
receivers arset toscan sequentiallgmong antenng$.5 sconds ofiwell time), thus with three
antennas attached to a Lotek receiver it tai@d@sseonds forthe receiver to comple a rotation
among althreeantennas. These differences in the ability of thessiver models are reflected

in length of sequential detections, with Sensorgnome receivers reflecting the burst interval of
nanotags (5 sec {46 se¢ median (281 75" percentiles), whereas Lotek receivers reflected the
rotation interval among antenn@® sec (21 41 sec) (Figres 145 and 146). This difference in
length of sequential detections was signifidagtiveen Lotek and Sensorgnome receivers
(MannWhitney Utest = 4441093, P < 0.0D1
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Figure 144. Time between sequential detections at two tracking stations on Block Island in
20172019. Lotek receivers monitor only one antenna at a time, Whilsorgnomean monitor
all antennas simultaneously.
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Figure 145. Time between sequential detections (sec) for Sensorgmé,721)and Lotek
receiverdN = 5,860)monitored at stations on Block Island from 202019.

One approach tassesdifferences between Lotek and Sensorgnome receivers isiapare the
relationship between run length and the total number of detections pahen a Lotek

receiver is used at a station, there are a mean of 1.96 detections per min (SE = 0.05, r&nge 0.44
7.5 pemin, N = 269 runs) compared to a Sensorgnontie &imean of 7.98 detections per min

(SE =0.48, range = 21122.1 detections per min, N = 66 runs) (T = 19493, P < 0.001) (Fig.

1.46). Another way to look at this is the total number of detestpar run,with amedian of 12.0

(6 24 detections) for Liek receivers compared tarsedian of 37.5 detections per run {(ZB"
percentiles = 18.7 96 detections) for Sensorgnome receivers (Figufé).1.

1000

@]

Lotek
Sensorgnome

100

10

Number of detections

0.1

10 100 1000

Run Length (min)

Figure 146. Differences between Lotek and Sensorgnome receiveng irelationship between
run length and total number of detections within a run.
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Figure 13. Differences between receivers in the total number of detections within a run for
Sensorgnome caopared to Lotek receivers. Noteaxis is in a logoscale. This difference was
significant (P<0.001).

1.3.12Receiver Signal Strength

Anotherdistinctionbetween Sensorgnome and Lotek receivenedifferences in estimated
signal strength. Lotek reieers display values ranging frora2B5, whereassensorgnome

values range frorriL04 dB to-40 dB. Only the Lotek receiver located at Southeagithouse

in 2017 detected signal strength values that covered the entire spectrum of potentiamednes (
=95, SD = 55; median = 80, 9% - 75% = 52130; range = 155;Figure 1.8). In contrast,
Sensorgnome receivers generally detected a maoiow range of valueg (g, Black Rock in

2017 and 2018, Southeast Lighthouse in 2018) or Lotek receivers ir{RAQLee 148).

Reasons for these differences in signal strength remain unclear.
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Black Rock - 2017 - 9-element Yagi - Sensorgnome receiver
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Black Rock - 2019 - S-element Yagi - Lotek Receiver
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SE Lighthouse - 2018 - 5-element Yagi - Sensorgnome Receiver
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Figure 148. Variation among stains among years in signal strength between Lotek and
Sensorgnomeeceivers. Stations had eitheelement or Selemaent Yagi antenna and a
Sensorgnome or Lotek receiver. Signal strength is shown on the Lotek recei%érgdale),
which for Sensorgnome ceivers was based on a conversion (see Methods).
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1.4.1Regional movements of terns and plovers

A major strength of &ving access to the Motus network is the ability to track regional
movements of our focal species. Thanks to the hard efforts oL Bang, there was an
extensive network of towers in southern New England (project 14 stafidreshumber of

active autorated radio telemetry stations in the Motus Network (Taylor et al. 2017) varied
annually, as various investigators initiated new stat@and decommissioned statigrgyures
149, 150, 151). Obviously, this had a major impact on where our focal birdkldee detected
annually.The network of stations was thorough from Cape Cod to North Carolina (Figgje 1.
In 2018, new stationseve added in coastal South America to begin to assesslistagce
continentalscale movements (Figured@.and 151; Table 1.2).

Automated Receiving Stations 2017

42- C(ween

STPO N OSCT

CONY | |PLIS

[SHNJ}' GGIS /[séu] (MUsK]
(FRIS] [MNTK]‘[BIWF]

39-

® Project 14 Stations
o Stations Run By
Other Motus Projects

Latitude

36-

o8 -75.0 725 -70.0 67.5

Longitude

Figure 149. Locations of active automated radio telemetry stations active during 2017 along the
Atlantic Coasthatdetected at least one nanotag from Project 14
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Automated Receiving Stations 2018

® Project 14 Stations
o Stations Run By
A) Other Motus Projects

Latitude

b A‘, ’ 2 /
& -74 -72 -70
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Figure 150. Locations of active automated radio telemetry stations actiegd2018 along the
Atlantic Coasthat detected at least one nanotag from Project 14.
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Figure 151. Locations of active automated radio telemetry stations active during 2019 along the
Atlantic Coasthat detected at least one nanotag from Project 14.

1.4.1.1Common Tern regional movemats

The key strength of the Motus network of stations is the ability of the stations to clearly
document the chronology and spatial extent of movements of focal species. Of course,
documenting movements is clearly deperidm the locations of stations andetdion radii of

each automated telemetry station given the limitations of the small VHF transrhitters.

20172019, the network recorddg646,506 detections of Common Terns we tagged, with 78%

of total detectionsacorded at the station at Great Gulhisl where we tagged most of the

Common Terns we monitored (Table 1.1¥We detected 124 of 134 birds we tagged (91%) at
some point during the tracking season (ranging from 89% to 93% per breeding colony per year).
Tracking detections of birds at GreatllGwe were able to assess the chronology of movements

around the region (e,dgrigure 152 and 1.53).

We did occasionally detect Common TernMatusstations south of Rhode Island, but it was
unusualTable 1.1}, presumably because most Common Té&nd to migrate farther offshore
when migrating to noreeding grounds in South Ameridmn exciting finding was
documenting detections of Common Terns in coastal South America, with detectiores of
individual in 218 andhreeindividuals at a statioat Awala-Yalimapo, French Guiana
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(AWYA) in late Aug 2019and one of those same birds being detected at Icapui, Brazil (TICO)
in mid-September 2019These areas were alstentifiedby Nisbet et al. (2011) and Nishaatd
Mostello (2015) as important stopover sites for Common Terns based on locations of Common
terns tagged with geolocators.

We were much more likely to documentra-regionalmovements between breeding colonies in

Long Island Sound (e.gGreat Gull I&and NY or Falkner Island, CT) and stations farther east in
Rhode I sl and Sound or Cape Cod and the 1Island
154, 1.5, 156, Table 1.1). What is striking looking at these exaraeplof movements is how

much CommormTernsreadily move betweeBlock Island and Rhode Island Sounds to Cape

Cod, and then back to Long Island Sound (e.g., ID24 in B#y &r ID25 in Fig. 155), or even

to the New York City area and back to southern Negl&d (Fig. 156). Interestingly

occasionally Common Terns would disperse farther northniatthern Massachusetts (Parker

River NWR)or even Rachel Carson NWR, Mai(fégure1.56).

Individuals - Common Tern - 2019

40

Cape Cod

Great Gull

Long Is and Rhode Is Sound
South of 41 Deg

w
o
1

=
o

Number of Individuals per day
N
o

0
22-Jun 06-Jul 20-Jul 03-Aug 17-Aug 31-Aug 14-Sep

Figure 152. Summary oflaily detection rates of individual Commaerns tagged on Great Gull

Island, NYduring 2019 field seasdm = 40) We pooled data into 4 areas: the station on Great

Gull Island(note: the station at Great Gull ceased on 28 Jstgjions located throhgut Long

Island and Rhode Island Soundst at i ons on Cape Cod and the 1 sl
Vineyard) and south of southern New England (afitude).
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Table 111. Cumulative detections (Detect) and number of indigidind) Common Terns at
stationsfrom 2017-2019(see Figl.4871 1.50 for station locations)

2017 2018 2019
Great Gull Buzzard's Bay Falkner Great Gull Great Gull
(N =30) (N =29) (N=18) (N =20) (N =40)

Latitude Station Detect Ind Detect Ind Detect Ind Detect Ind Detect Ind
-4.688 TICO 24 1

5.746 AWAY 89 1 818 3
34,95 CEDI 11 1

35.717 PEAI 39 1 244 2
37.098 FISH 18 1
37.138 SKID 57 2
38.241 ASSA 40 1 31 1
38.70 CHDE 39 1
39.092 AVNJ 15 1
39.509 RTNJ 13 1
40.43 SHNJ 29 2
40.633 FRIS 41 1 20 1

41.052 MASH 68 3 4869 10 280 6
41.059 MNTK 10566 25 77 1 709 8 7371 14 3110 22
41.148 BIBR 599 3 1894 10 2468 32
41.15 BIWF 88 1

41.153 SELI 1701 13 121 3 156 2 106 2 127 9
41153 STOP 86 2 45 1

41.189 PLIS 49295 27 205 3

41.202 GGIS 318156 27 1752 5 254340 18 715039 37
41.213 FALK 146783 16 13979 5 68616 18
41.253 NOMS 101 1 948 16
41.261 NOMA 269 2 7043 19 1142 23
41.306 NAPA 9 1 6538 25
41.307 CTPT 29 1 278 8

41.337 MUSK 140 2 5773 20

41.373 TRUS 46 3 40 1 6 1 3566 5 4964 23
41.391 GTPT 39 2 894 10 8 1

41.479 SACH 12 1 7 1 60 3

41.552 WAQT 455 3 4183 22 16 1 129 1 820 18
41.553 MNYS 109 2 149 7 34 1 13 1

41609 MNYN 4 1 37 6 13 2028 21
41.681 WING 59 2 236 1

42.06 RCPT 1927 6

42,780 PRKS 202 2
Overall 381,004 27 20,969 26 150,151 16 286,766 18 807,616 37
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Because we haell.3 milliondetections 082 Common Terns at Great Gulle were able to

begin to assess inteannual variation in podireeding departure of adults from their breeding
colonies (Figure 1.52)Ilt appears thathe timing of adult emigratioffom Great Gullwas

similar in 2017 and 201%vhile in2018there wasanewhat protracted emigration. The receiver

at Falkner went offline twice in July and the receiver ceased at Great Gull on 28 July 2019, thus

data were incomplete for those two sites.

100 c T
ommon fem Falkner - 2018 (n=18)
— GGIS - 2018 (n=20)
S 80 - —— GGIS - 2019 (n=40)
= —— GGIS - 2017 (n=30)
2
o 60 -
o
©
()
>
0 40 T
|_
©
= 20
O """ T 1 1 1 1 7 T 1 1 1 1 7 T 1 1 1 1 7 T 1 1 1 1 7 T

15300 593Ut 4a.0u 7-30 10-RU8  Hp-pu9

Figure 153. Seasonal variation itaily detection rates (% of tagged population detected) of
Common Terns at Great Gull Island, NY from 2019 and Falkner Island, CT in 2018. The

receiver failed occasionally in lyuon Falkner and Jul28,2019 on Great Guill.

We were able to quanyithe regional movements of Common Terns breeding on Great Gull
Islandin 2017(Fig. 1.54), 2018 (Fig. 1.6) and 2019 (Fig. 18). It wasevident that Common

Terns breeding at Great Gull regularly visited other areas in Long Island Sound throughout July
ard Aug, with some local movements documented into September in 2018 (Big.Cofhmon
Ternsfrom Great Gulloften ventured to coastal Btte Island throughout the breeding season in
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2018 and 2019. Individuatgpically started talispersdarther from theGreat Gullcolonyto
Cape Cod and the islands indvAugust.

Common Terns (Sterna hirundo) Banded on Great Gull Is., NY in 2017
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Figure 14. Distancetravelednorth (nautical milesprangesquare}y south(nautical miles, blue
circles)or onGGIS (purple triangles)y Common Terns taggech @&reat Gull Island, NY
(purple dotted lineln 2017 Data are presented as meaastandard deviatiorRepresentative
locations for a given distance frothe breedingcolonyare to the right for context.

The chronologyof movemerd of Common Terns breedingn B u z z AMAdn&817 Ba y

(Figure 1.%) appearedike Common Terns nesting in Long Island Sound. There were no
automatedelemetrystations adjacent to nesting colonies at Bird, Ram, or Penikese Islands, so
information of local movements at breedingotoes was limited. However, birds breeding at
Buzzarddés Bay col oni es we atstatioms ioNantuoketiSeundind k e | vy
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Cape Cod and the islands (Marthads Vineyard a
Island. Common Terrsr o m B u z z a rregblarlydBtected atvstatioas on Cape Cod

from mid-July through earhSeptember, witibome individuals detected until 1 October. Terns
breeding at Buzzardoés Bay col oni es frootmmicasi onal
July to early September, and a few individuals were detected in coastal regions from Delaware

and farther south &m late July to miSeptember.

Common Terns (Sterna hirundo) Banded in Buzzards Bay, MA in 2017
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Figure 155. Distance traveled north (nautical miles, orasgeareyor south (nautical miles,

purpletriangles) by Common Ternstaggedt col oni es i n Buztle ddés Bay
dotted line)in 2017 Data are presited as meah standard deviation. Representative locations

for a given distance frortihe breeding colonyre to the right for context.
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Common Terns (Sterna hirundo) Banded on Great Gull Is., CT in 2018
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Figure 156. Distance traveled north (nautical miles, orasgearey south (nautical miles, blue
circles) or on GG (purplediamond$ by Common Terns tagged on Great Gull Island, NY

(purple dotted line) in 2@L Data are presented as meastandard deviatin. Representative
locations for a given distance from the breeding colony are to the right for context.
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We were able to track Common Terns nesting on Falkner Island, CT in(l201857).
Unfortunately, there was a limited number of stationisong Island Sound to track local
movements of Common Terns nestorgFalknerbesides Great Gull Island and MontaSkme
Common Terns nesting on Falkner regulavigre detected near Great Gulhlsd during July

into midcAugust (n =5, Table 1.11)n laddition, 8 of 18 (44%) were detected as far away as
Montauk, NY off the eastern end of Long Island, and 3 birds were detected off the southern
shore of Block Island. There was some gosteding dspersal of Common Tern from Falkner to
Cape Cod in migAug, with 4 different individuals detectetiharious stations on Cajiend

Common Terns (Sterna hirundo) Banded on Falkner Is., CT in 2018
165
150
135
120
105
90
75
60
45
30
15

0 - - AMAAAMAMAMAAMAMMAMAL AMAA— & — — - — = — AMMAMAALALL AbMMAAL- — = = = = = = = = Falkner Is., CT

L] Monomoy NWR, MA

Wagquoit Bay NERR, MA

u Coastal Rl

Distance from Falkner Island
(Nautical Miles)

-15
-30 oo ° oo oi o Great Gull Is.

)
-45 . ) . .} }} o Long Island, NY

A {{ Block Is., RI
-75

-90

Jul 01
Jul 15
ug 01
Aug 15
Sep 01

<
Day of the Year

= North 4 FalknerlIs., CT e South
Figure 157. Distance traveled north (nautical miles, orange squares), south (nautical miles, blue
circles) or orFALK (greentriangles) by Common Terns taggattalkner Island CT (green

dotted line) in 20&. Data are presented as meagtandard deviation. Represative locations
for a given distance from the breeding colony are to the right for context.
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Figure 158. Movement chronology of Common Terns tagged on Gredti§ahd, NY (purple
dotted line)in 2019, with regional movements and international movesnglue triangley

Distance traveled north (nautical miles, orange squares), south (nautical miles, blue circles) or
on GGIS (purplediamondg are presented aseanz standard deviation. Representative locations
for a given distance from the breeding colony are to the right for context.
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