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SUMMARY  

 

The Bureau of Ocean Energy Management (BOEM) manages renewable energy development on 

the US Outer Continental 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 Economic Zone (~200 nautical miles offshore). In the Atlantic OCS, 1,742,252 acres 

are presently under lease agreement for development of commercial-scale offshore wind energy 

facilities (BOEM 2020). The first active offshore wind energy facility in the United States was 

the Block Island Wind Farm (BIWF), a five 6-MW turbine operation in Rhode Island state 

waters, where we focused this research project. 

 

BOEM is concerned with the potential impact of offshore wind energy developments on wildlife 

that occur offshore, including migratory birds.  Birds that utilize offshore habitats may be 

directly affected by collisions with offshore wind turbines or indirectly affected due to altered 

flight paths or displacement from foraging or resting areas (Drewitt and Langston 2006, Furness 

et al. 2013, Fox and Petersen 2019). Assessing collision risk is particularly challenging at 

offshore wind energy facilities (e.g., Erickson et al. 2001, Thaxter et al. 2017), versus land-based 

wind energy facilities where carcasses can be found on the ground (Smallwood et al. 2020). 

Therefore, risk assessments in offshore environments are typically based on species specific 

estimates of exposure to offshore wind turbines. Burger et al. (2011) categorized estimated 

exposure to offshore wind energy facilities at three nested spatial scales: macroscale (individuals 

that occur within a geographic region of interest, in this case the Block Island Wind Farm), 

mesoscale (occurs if individuals are exposed at the macroscale level and fly  within the Rotor 

Swept Zone (RSZ) of wind turbines, 29 to 189 m Above Sea Level [ASL] at Block Island), and 

microscale (occurs if individuals of the species are exposed at the macro- and mesoscales and fly 

within the RSZ of wind turbines.).  

 

In this study, we evaluated automated radio telemetry technology and modeling methods to 

assess bird movements at BIWF. Automated radio telemetry consists of very high frequency 

(VHF) transmitters ("transmitters" or "tags") that are attached ("tagged") to free-flying 

animals and emit digitally coded signals on a common radio frequency (i.e. 166.380 MHZ) 

every 3-10 seconds. Signals are received by automated radio telemetry stations ("receiving 

stations"), consisting of one or more antennas attached to a structure (e.g. a mast or 

building) and connected to a data-logger programmed to record data (including tag 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 from all tagged wildlife and 

receiving stations across the globe (Taylor et al 2017).  
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In this study, we used automated radio telemetry stations to track movements of three focal 

species, Common Terns, Roseate Terns, and Piping Plovers, in the vicinity of BIWF from 2017-

2019.  Each field season (~June ï October), we operated two automated telemetry stations with 

fixed Yagi and omnidirectional antennas at Southeast Lighthouse and Black Rock on the 

southern shore of Block Island. We also worked with staff at BIWF to install a receiving station 

with four fixed Yagi antennas on the eastern-most wind Turbine (#1) from 2017-2019. From 

2017-2019, the tracking stations on Block Island detected a total of 157 unique tags from 15 

species. These detections included our 3 focal species and 12 additional species tagged by 

biologists on the Motus network representing 6 species of shorebirds, and 6 species of 

passerines. Of our three focal species tagged at breeding areas in coastal RI, CT, and NY, we 

detected 79% of the Common Terns and 24% of the Roseate Terns, and 33% of the Piping 

Plovers moving past Block Island. These results concur with research on the breeding and post-

breeding offshore movements of these three species by Loring et al. (2019). The telemetry 

station on Turbine #1 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 or 2019 due to 

technological and logistical issues. 

 

There was considerable annual variation in the total number of tagged individuals, species, and 

total detections at both the Black Rock and Southeast Lighthouse Stations from 2017 to 2019.  

At the Black Rock Station, the total number of tags detected varied from 8 to 40 annually, with 4 

to 7 species, and total detections ranging from 339 to 5,217.  At the Southeast Lighthouse 

Station, the total number of tags detected ranged from 6 to 70 annually from 2 to 13 species 

representing 232 to 2,957 total detections  Reasons for the differences were possibly due to 

variations in tower height (3 to 12 m), differences in antenna gain due to the number of elements 

on the Yagi antennas (which ranged from 5 to 9-elements), type of receiver (either a Lotek or 

Sensorgnome), local environment conditions near the antennas, and the number of available 

tagged individuals passing by the towers. One factor that affected the total number of detections 

was the type of receiver. Sensorgnome receivers can detect signals from all antennas 

simultaneously, whereas Lotek receivers only detect signals from one antenna at a time, thus the 

receiver has to rotate among antennas. Most importantly, Sensorgnome receivers were not be as 

reliable as Lotek receivers and were more prone to not detecting passing birds.  

 

One of the primary goals of this project was to conduct a series of calibration surveys to assess 

the detection probability of receiving stations with different configurations of antennas to track 

the offshore movements of digitally coded VHF transmitters.  In 2017, during a calibration 

survey using a kite, we detected the tag 5,942 times and the model predictions averaged 4,527 

m (SE = 182 m; range = 502 ï 17,426 m; 25th-75% = 2,065-5,476 m) from the actual 

location of the test tag based on a GPS track of the boat. During a 2018 kite calibration 

survey, the model predictions were more accurate and averaged 1,695 m (SE = 147 m; range 

= 229 ï 4,221 m; 25th-75% = 952-2,188 m) from the actual location of the test tag. 
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In 2019, we used quadcopter drone for all calibration surveys.  Interestingly, in June 2019, 

calibration surveys conducted during dense fog conditions at fixed points at various altitudes 

(15 to 120 m) had no detections, even though the survey points were < 4 km of two 

functioning land-based receiving stations, indicating possible signal attenuation during 

dense fog conditions. A moving transect on 9 July had better results, but we found that when 

the drone flew at altitudes Ò60 m above sea level (asl), the accuracy of model predictions 

was relatively low, with a median difference between actual and predicted locations of 4,904 

m (2.082 ï 6,111; 25th -75th percentiles), whereas when the drone flew  Ó 90 m asl  the median 

difference was 830 m (492 ï 1,636 m).  

Our research found that using digital VHF transmitters can provide useful information on macro-

scale offshore movements of birds. The network was particularly effective at documenting 

regional movements of focal species. However, several technical challenges that occurred 

throughout the study limited data collection at finer spatial scales by telemetry stations within the 

Block Island network. Monitoring the receiving station on Turbine #1 at BIWF was particularly 

challenging because technology was not yet available to monitor the system remotely, and in-

person equipment checks were limited to infrequent visits by turbine operation staff.  Despite 

these limitations, our application of existing modeling methods to data collected by the Block 

Island network provided data on movements of birds passing near the Block Island Wind Farm, 

with model accuracy increasing with flight height of birds corresponding to an increase of 

simultaneous detections by receiving stations.   

 

Based on our research, available VHF tracking technology has difficulties tracking fine-

scale temporal and spatial movements of small (<200 g) volant organisms. Therefore, we also 

tested the functionality of a direction finding (DF) system that uses phase differences to 

accurately obtain bearings from a 3-element omnidirectional antenna array. We constructed a 

platform with three 10 dB omnidirectional antennas equally spaced by 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 (FCD) by setting the tuner 

frequency and sample rate. The FCD demodulated the received signals and converted them 

to a digital signal after a series of filtering steps. Once converted, the data were saved to a 

.wav file for post processing using MATLAB. To test the accuracy of this prototype tracking 

system, a series of drone flights were initiated, with a digitally coded VHF transmitter 

attached, to test the viability of this system. However, one receiver failed due to PC memory 

issues thus the results for estimating bearings were limited to two antennas. At very short 

ranges, bearing accuracy suffered due to the directivity of the omnidirectional antennas. The 

system performed best (±6°) when the transmitter was farther than 175 m from the array, 

relatively well (±15°) when the transmitter was over 100 m away from the array, and 

poorly (±50°) when within 100 m of the antenna array. The research did show it was 

feasible to track azimuth angles through phase measurements. With further developments to 
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the current design, it could be feasible to design an antenna array and continuous receiver to 

monitor fine-scale movements of VHF-tagged birds using phase measurements. 

 

If regulators and biologists are interested in obtaining fine-scale spatial (microscale movements) 

of volant wildlife at offshore wind farms using VHF or UHF transmitters to assess exposure risk, 

more intensive research needs to be conducted on the methodology of triangulation to estimate 

locations from stations with fixed yagi antennas, and most importantly more calibration surveys 

need to be conducted at offshore sites. This 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 of tagged volant wildlife in the offshore 

environment.  This research could be focused on assessing the accuracy of location estimates 

when a transmitter is detected from multiple stationary yagi antennas.  In addition, when we 

conducted our research, there were no VHF receivers available that could remotely upload data 

to determine if the receiver was working or gather data in a timely manner.  There now is at least 

one model of receiver operating in the 434 MHz range that will upload data remotely that should 

be field tested on offshore turbines or buoys.  This remote uploading of data from offshore wind 

energy facilities needs to be field tested. Based on our research, further calibration surveys are 

needed to assess the accuracy and precision of spatial estimates of transmitter locations.  This is 

critical for estimating fine-scale movements of target species to assess exposure risk. Finally, 

further research could be conducted on the feasibility of using phase measurements to accurate 

detect bearing angles of moving transmitters, which could be used to precisely estimate locations 

of volant wildlife to obtain more reasonable estimates of exposure risk near active offshore wind 

energy facilities.  These goals are also the research objectives outlined by a research group 

within New York State Energy Research and Development (NYSERDA) that could provide 

more insights into tracking technologies be used by biologists to assess exposure risk of birds to 

offshore wind energy facilities. 
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PART 1: ASSESSING MOVEMENTS OF BIRDS USING DIGITALLY -

CODED VHF TRANSMITTERS: A VALIDATION STU DY 
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1.1 INTRODUCTION 
 

The Bureau of Ocean Energy Management (BOEM) is concerned with the potential impacts of 

offshore wind energy developments on wildlife, with an emphasis on birds that are federally-

listed as threatened or endangered. In the northwestern Atlantic these species include a 

threatened Atlantic Coast population of the Piping Plover (Charadrius melodus melodus), a 

threatened population of the Red Knot (Calidris canutus rufa), and an endangered population of 

the Roseate Tern (Sterna dougallii) (Burger et al. 2011, Loring 2016, Loring et al. 2019).  Up 

until December 2016, there were no operating offshore wind energy facilities in the United 

States until a 5-turbine 30-megawatt (MW) facility was constructed by Deepwater Wind three 

miles southeast (SE) of Block Island, Rhode Island, which is now operated by Ørsted (Figure 

1.1).   

 

Figure 1.1. The Block Island Wind Farm located in state waters ~5 km off the southeast corner 

of Block Island was the first operational offshore wind energy facility in North America (photo 

courtesy of Ørsted). 

https://www.google.com/url?sa=i&url=https://us.orsted.com/wind-projects&psig=AOvVaw0KO_RaapDBgoJ2XoztQ0Sc&ust=1590856754277000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCIjI2bnB2ekCFQAAAAAdAAAAABAD
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Birds that utilize offshore habitats may be negatively affected by offshore wind energy 

developments 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 expenditure of 

individuals (barrier effect), or (iii) turbines displacing birds from important foraging and resting 

areas within the footprint of the development (Desholm and Kahlert 2005, Fox et al. 2006, 

Larsen and Guillemette 2007, Masden et al. 2010, Langston 2013, Furness et al. 2013, Skov et al. 

2018, Fox and Petersen 2019). Yet, potential impacts of offshore wind turbines on migratory bird 

populations are still not thoroughly understood.  Interactions between offshore wind energy 

facilities and migratory birds have only been studied for a limited number of species at a few 

sites over the past few decades since offshore wind turbines have become operational in Europe 

(Cook et al. 2018, Skov et al. 2018, Fox and Petersen 2019). Current empirical evidence from 

Europe suggests that collision and barrier effects are minimal for most marine birds and likely do 

not result in negative impacts to marine bird populations (Desholm and Kahlert 2005, Cook et al. 

2018).  However, available evidence suggests that some species of migratory birds might be 

vulnerable to collisions with turbines (Furness et al. 2013, Green et al. 2016), thus further 

investigation is warranted.  

 

Burger et al. (2011) categorized estimated exposure to offshore wind energy facilities at three 

nested spatial scales: macro-scale (individuals that occur within a geographic region of interest, 

in this case the Block Island Wind Farm), mesoscale (occurs if individuals are exposed at the 

macroscale level and fly  within the altitudinal span of the wind turbine blades (Rotor Swept 

Zone: RSZ), 29 to 189 m Above Sea Level (ASL) at Block Island), and microscale (occurs if 

individuals of the species are exposed at the macro- and mesoscales and fly within the RSZ) of 

wind turbines. The impact to avian populations at each scale varies temporally.  Skov et al. 

(2018) defined avoidance behaviors (i.e., an action that prevents a collision (SNH 2010)) at three 

spatial scales: micro  (a response to single turbine blade, <10 m from Rotor Swept Zone (RSZ), 

meso (within wind farm footprint, 10 m buffer around RSZ, see also Band et al. 2007, Cook et al. 

2012, Furness et al. 2013 ), and macro (up to 3 km outside of windfarm, see Desholm and 

Kahlert 2005). Given these categories of exposure, we were interested how accurately we 

could track exposure risk of small volant wildlife.   

 

There is increasing evidence that large-bodied birds (e.g., gannets, gulls, loons, seaducks) 

tend to avoid offshore wind turbines, while there much less information about how small- 

bodied birds respond (Cook et al. 2018, Skov et al. 2018, Fox and Petersen 2019). 

Monitoring the exposure risk of plovers in areas where BOEM renewable energy lease 

blocks occur is particularly challenging due to their small body size and nocturnal migratory 

behavior that renders satellite-based or survey-based methods less suitable for these species 

(Loring et al. 2019).  Although terns will fly diurnally during foraging bouts over 40 km 

from breeding colonies (Loring et al. 2019) and, thus can be surveyed with boat-based or 

aerial surveys (Perrow et al. 2011, Thaxter et al. 2012, Harwood et al. 2017, Evans et al. 
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2019, Critchley et al. 2020), previous tracking studies have shown that terns move offshore 

at night during the post-breeding dispersal period (Loring et al. 2017) and during migration 

(Loring et al. 2019). Therefore, the best technology currently available to determine 

exposure risk for terns and plovers is automated tracking with digitally encoded very high 

frequency (VHF) or ultrahigh frequency (UHF) radio tags.  

 

Wildlife biologists have been tracking organisms with radio transmitters in the VHF band 

since the 1950s (Cochran et al. 1965, White and Garrott 1990). VHF is the designation of 

radio waves with wavelengths ranging from 1 to 10 m that correspond to radio frequency 

electromagnetic waves that range from 30 to 300 megahertz (MHz).  Tracking organisms 

within the VHF band requires: 1) a transmitter with a power source and antenna that emits a 

signal (e.g., ~166.380 MHz), 2) some type of attachment system to mount the tag on the 

organism of interest that minimizes impact to the organism (Barron et al. 2010, Geen et al. 

2019), 3) either a Yagi, H-Adcock, dipole or loop antenna to determine the location of the 

tagged organism, and 4) a receiver to process the signal detection (Kenward 2001). VHF 

telemetry works on a ñline of sightò detection, thus landscape barriers (e.g., vertical rock 

face) can block the emitted signal.  

Radio Direction Finding (RDF) requires a passive receiving system that extracts information 

from passing electromagnetic radio waves from a VHF transmitter to estimate the bearing 

angle from the receiver to the VHF transmitter. There are three RDF approaches that 

researchers typically use to estimate the position of the VHF tag from two or more receiving 

stations: amplitude response, phase delay response, and time delay (Jenkins 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 strength and compass bearing (Desrochers et al. 2008), which is the 

focus of Part I of this report. Traditionally, biologists estimate the compass bearing of a 

VHF tag from the receiver by rotating a directional antenna, either a Yagi-Uda or H-Adock, 

to detect the maximum signal strength or the null 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 locations. In Part II of this 

report, we focus on estimating VHF tag locations using the phase delay response using 

omnidirectional antennas.  

The advantage of Yagi-Uda (hereafter Yagi) antennas is that they achieve high gain (e.g., 

detect approximately twice the range of dipole antennas), are highly directional (i.e., the 

signal reception pattern has the strongest peak at the front of the antenna and has a high 

ófront to backô ratio), they are relatively easy to handle and maintain, waste relatively little 

power, and cover a broad range of frequencies, however they are prone to noise and 

atmospheric effects (Kenward 2001).  Thus, bearings from two or more different receiving 

stations can be used to bi-angulate or triangulate the position of a tagged individual (White 
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and Garrott 1990).  The other directional antenna used by many biologists is the H-Adcock 

antenna which has greater gain than a dipole antenna, and the reception pattern has a 

distinctive ónullô when the elements are equidistance from the tag - therefore the estimate of 

the signal bearing is more accurate than a Yagi antenna.  However, just like a dipole, there is 

uncertainty about the true signal bearing versus the óreverseô bearing, which can be resolved 

using a variety of techniques (Kenward 2001). When using the amplitude response 

approach, an omnidirectional antenna (i.e., either dipole 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 automated network of receiving stations, primarily using fixed 

Yagi antennas designed to monitor the movements small (<50 g) volant (flying) wildlife at 

local, regional, and hemispheric scales using digital VHF tags (e.g., 166.380 MHz in North 

America) (Taylor et al. 2017), although recently biologists have also started to use UHF tag 

(434 MHz). Most projects associated with the Motus network use Nanotags to track smaller 

species of birds or bats. Nanotags (www.lotek.com) are lightweight digital VHF transmitters 

that have a relatively long battery life (~70-140 days depending on tag weight and burst interval) 

and emit uniquely identifiable signals every 3-7 seconds on a common frequency. The 

automated receiver stations in this network consist of one or more fixed Yagi or omni-

directional antennas on towers of various heights.  Previous avian tracking studies funded by 

BOEM utilized receiving stations that consisted of 6 nine-element (3.3 m long) Yagi 

antennas horizontally mounted in a radial configuration at 60° intervals on 12.2-m tall radio 

antenna masts (Loring et al. 2019). Loring et al. (2019) estimated the detection range of 

these 12.2 m towers was up to 20 km for a bird flying at 25 m altitude and 40 km for a bird 

flying at 250 m altitude, while birds flying at 1,000 m could be detected at over 80 km away. 

 

The Block Island Wind Farm provides a unique opportunity to assess exposure of migratory 

birds at an operating offshore wind energy facility. Due to the proximity of the Block Island 

Wind Farm to Block Island (~3 miles (5 km)), land-based receiving stations can 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 Common terns, and Piping Plovers near Block 

Island during the breeding, post-breeding staging period, and fall migration was collected for 

three field seasons prior to the construction of the Block Island Wind Farm by a network of over 

30 receiving stations along in New England and New England Bight region on the Atlantic Coast 

(Figure 1.2; Loring 2016, Loring et al. 2019). Previous BOEM-funded studies on offshore avian 

movements developed spatially explicit movement models of Common and Roseate terns and 

Piping Plovers throughout southern New England, including movements through federal 

offshore energy lease blocks in the region (Loring et al. 2019). These models combined a 

physical model of bird movements with the electrical characteristics of the receiving arrays to 

predict the flight paths of birds from time series of power received sequentially from several 

towers and beams (Janaswamy et al. 2018).   

http://www.lotek.com/
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Results from regional movement studies of terns and plovers in the Atlantic OCS indicate 

that these species may move through BOEM renewable energy lease blocks during post-

breeding and fall migratory movements (Loring et al. 2019). Therefore, the goal of this 

project was to evaluate the potential to assess fine-scale movements of relatively lightweight 

(~150 g or smaller) volant (free-flying) organisms near offshore wind turbines (after the 

development of the Block Island Wind Farm), with a focus on terns and plovers.  As BOEM 

renewable energy lease blocks currently total 1,742,252 acres along the Atlantic Outer 

Continental Shelf (Figure 1.2), there is a pressing need to understand 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 2019) and to help to inform estimates of  collision risk (Band et al. 

2007, Furness et al. 2016, Masden and Cook 2016).  

 

1.2 METHODS  

 

  1.2.1 Study Area  
 

    1.2.1.1 Atlantic OCS and Wind Energy Areas 

  

The primary Study Area extended along the US Atlantic Coast and adjacent OCS from Cape 

Cod, MA to the north and Back Bay, VA to the south, with a focus on Block Island (Figure 1.2). 

Currently (June 2020), there are 16 BOEM Renewable Energy Lease Areas within the Study 

Area (Table 1.1). These BOEM Renewable Energy Lease Areas are located in Rhode Island 

Sound and adjacent offshore waters of Massachusetts (~908,000 acres), New York Bight 

(~80,000 acres km²), and adjacent waters offshore of New Jersey (344,000 acres), Delaware 

(~26,000 acres), Maryland (~80,000 acres), Virginia (113,000 acres), and North Carolina 

(~122,000 acres) In total, their combined area covers 1,742,252 acres of the Atlantic OCS.  The 

Motus Wildlife Tracking system network extended from Nova Scotia to the coast of South 

America (Taylor et al. 2017), with tracking stations changing annually as new stations were 

brought online or older stations were decommissioned due to a lack of funding resources. 
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Figure 1.2. Location of BOEM renewable energy lease areas along the Atlantic 

Outer Continental Shelf (from BOEM 2019).  
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Table 1.1. Current leasing status of BOEM renewable energy lease blocks along the Atlantic 

Outer Continental Shelf (BOEM 2020). 

Lease Number Year Company Acres State 

OCS-A 0482 2012 GSOE I 70,098 DE 

OCS-A 0519 2018 Skipjack Offshore Energy 26,332 DE 

OCS-A 0483 2013 Virginia Electric and Power  112,799 VA 

OCS-A 0486 2013 DWW REV I 83,798 RI/MA 

OCS-A 0517 2013 DWW South Fork.  13,700 RI/MA 

OCS-A 0487 2013 DWW NE  67,252 RI/MA 

OCS-A 0490 2014 US Wind Inc. 79,707 MD 

OCS-A 0498 2016 Ocean Wind  160,480 NJ 

OCS-A 0499 2016 Atlantic Shores Offshore W 183,353 NJ 

OCS-A 0500 2015 Bay State Wind  187,523 MA 

OCS-A 0501 2015 Vineyard Wind  166,886 MA 

OCS-A 0508 2017 Avangrid Renewables 122,405 NC 

OCS-A 0512 2017 Equinor Wind US  79,350 NY 

OCS-A 0520 2018 Equinor Wind US  128,811 MA 

OCS-A 0521 2018 Mayflower Wind Energy 127,388 MA 

OCS-A 0522 2018 Vineyard Wind  132,370 MA 

Total     1,742,252   

 

  1.2.2  Ecology of target species 
 

    1.2.2.1 Common Tern ecology 

 

The Common Tern (Sterna hirundo)is a cosmopolitan, moderately sized (110 to 145 g) tern that 

nests in small to large colonies (e.g., <12,000 individuals at Monomoy, Massachusetts), near 

freshwater and saltwater habitats throughout the Holarctic and winters in coastal habitats in the 

southern hemisphere (Nisbet et al. 2017). In New England, most the population nests at offshore 

islands, where they usually forage for a diversity of small fish ~20 to 30 km of breeding colonies 

(Safina et al. 1990, Nisbet et al. 2017). In southern New England, adults arrive at their nesting 

sites in late April to May, initiate 2-3 egg clutches in open habitats (Burger and Gochfeld 1991) 

from late May through mid-July, peak hatching occurs between late June and early July, and 

peak fledging (~25 d after hatching) occurs from mid-July early August (Nisbet et al. 2017). 

After fledging, many of the adults and their accompanying chicks disperse from colonies 

throughout New England to stage at Cape Cod for ~one month prior to migration to South 

America (Nisbet and Mostello 2015, Loring et al. 2017, Nisbet et al. 2017), where birds can be 

found foraging far offshore (Goyet 2014). Common Terns breeding in New England tend to 



8  

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 about 4 weeks before 

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 et al. 2016). Furness et al. 

(2013) ranked Common Terns as low vulnerability to collision risk with offshore wind turbines 

because they estimated that only 7% of individuals fly within the rotor swept zone. 

 

    1.2.2.2 Roseate Tern ecology  

 

The subspecies of the Roseate Tern (Sterna dougallii dougallii) nesting in New England was 

federally listed as endangered in 1987 (Nisbet et al. 2014).  This species is slightly smaller (95 to 

130 g) than similar the Common Tern (Figure 1.3). Roseate Terns nest across the Holarctic and 

winter in the southern hemisphere.  In New England, Roseate Terns only nest 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 population (4,171 of 4,593 pairs (91%) in 2018) of this 

endangered subspecies nests at three sites in southern 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 pairs in 2018) (Roseate Tern Recovery Team, unpubl. data).  Adults typically exhibit 

high fidelity to breeding colonies, although they will disperse to other breeding colonies 

(Spendelow et al. 2010). The breeding chronology of Roseate Terns in southern New England is 

similar to the sympatric Common Tern, with adults and their young departing from breeding 

colonies to the primary staging site at Cape Cod, Massachusetts from mid-July to early August 

(Althouse et al. 2016, 2018), where they are detected foraging far offshore (Goyert 2014).  This 

species has a more specialized diet than Common Terns, which consists primarily of sand lance 

(Ammodytes spp.) (Safina et al. 1990, Urmy and Warren 2018, Staudinger et al. 2020). Peak 

migration from staging sites in New England is initiated in early September (Nisbet et al. 2014), 

when Roseate Terns presumably migrate offshore to staging sites in Puerto Rico and the 

Dominican Republic and then to wintering sites along the eastern coast of South America 

(Mostello et al. 2014). Occasionally birds breeding in the eastern Atlantic (Azores) are detected 

wintering in the western Atlantic (Brazil), thus there is some transatlantic migration (Neves et al. 

2016). Burger et al. (2011) suggested that Roseate Terns were likely exposed to collision risk 

with offshore wind energy facilities during migratory movements and the breeding season when 

the occur on the Atlantic Outer Continental Shelf. 
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    1.2.2.3 Piping Plover ecology 

  

Piping Plovers are small-bodied (~50 g) migratory shorebirds (Figure 1.4), with three federally-

listed populations in North America: Atlantic Coast (Threatened), Great Lakes (Endangered), 

and the Northern Great Plains (Threatened) (Elliott-Smith and Haig 2004). The Atlantic Coast 

population was estimated at 2,008 pairs in 2019, with almost 50% (980 pairs) nesting in New 

England (USFWS 2020a), which was the first time their population was greater than the 

recovery plan goal (USFWS 2020b). Piping Plovers start to arrive in southern New England in 

late March with nest initiation from late April to early July, with latter nesting attempts typically 

second or third nesting attempts.  The species tends to select unvegetated microhabitats to nest 

(Figure 1.5), with an incubation period ~28 d and fledging takes ~25 days.  The migration 

ecology is the ñleast understood part of the Piping Plovers annual cycleò (USFWS 2020b). 

Adults initiate migration to staging sites at Cape Hatteras in early July (Weithman et al. 2018), 

with most adults departing breeding sites by early August, where juveniles tend to linger into 

September (Elliott-Smith and Haig 2004, Loring et al. 2020). Based on resightings of banded 

individuals, most plovers breeding in southern New England winter in Florida and the 

Caribbean, with much of the population detected in the Bahamas and Turks and Caicos (Gratto-

Trevor et al. 2016, P. Paton, unpubl. data). Burger et at. (2011) hypothesized that Piping Plovers 

were only exposed to collision risk to nearshore wind energy facilities during spring and 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. 

 

 

Figure 1.3. Adult Roseate Terns with yellow plastic field readable (PFR) band used to 

aid observers and adult with sandlance (Ammodytes spp) which is the primary fish this 

species consumes and feeds to their chicks (Staudinger et al. 2020). 
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Figure 1.5.  Piping Plover with transmitter glued to back and trailing antenna; green flag with 3 

alphanumeric codes were unique to each individual, which aided resighting records.  Tagged 

plovers were regularly detected at stopover sites from New York to South Carolina and wintering 

areas Florida to Turks and Caicos. 

 
Figure 1.5. Piping Plover walk-in trap at Monomoy NWR in open sandy habitat preferred by this 

species for nesting. 
 

  1.2.3 Tagging Sites  
 

We conducted all tagging during the breeding period and tracking continued through post-

breeding dispersal and migratory departure. We tagged Common and Roseate Terns at the largest 

Roseate Tern colony in the western Atlantic (Great Gull Island, NY), as well as one of the larger 

Common Tern colonies in the region (Falkner Island, CT) (Nisbet et al. 2014, 2017). We tagged 

Piping Plovers in Rhode Island track their southbound flights during fall migration (Figure 1.6).  

Trapping methods used for this study are described in detail in Loring et al. (2019). 

Figure 1.4. Piping Plover with transmitter glued to back and trailing antenna; green flag with 3 

alphanumeric codes were unique to each individual, which aided resighting records.  Tagged plovers 

were regularly detected at stopover sites from New York to South Carolina and wintering areas 

Florida to Turks and Caicos. 
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Figure 1.6. Capture and tagging locations for Roseate Terns and Common Terns (pink) and 

Piping Plovers (blue) from 2017-2019. Locations of automated receiving stations in the region 

(black circles) are labeled. The inset map shows the distribution of tagging locations for Piping 

Plovers along the coast of Rhode Island.   

 

    1.2.3.1 Great Gull Island, New York  
 

Great Gull Island (GGIS; 41°12'23" N, 72°06'25" W) is a 0.08 km2 offshore island in eastern 

Long Island Sound, NY, that supports 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). GGIS is managed by the Great Gull Island Project with the American 

Museum of 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).  
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    1.2.3.2 Falkner Island, Connecticut 

 

Falkner Island (FALK, 41Á12Ë39ᾴN 72Á39Ë11ᾴW) is a ~1.2 ha island owned and managed by the 

US Fish and Wildlife Serviceôs Stewart B. McKinney NWR in Long Island Sound 5 km south of 

Guilford, Connecticut. Falkner Island has a small colony of Roseate Terns (~30-60 pairs) and a 

larger population of Common Terns (~1,500 to 2,000 pairs) (Kris Vagos, Refuge Biologist, pers. 

comm.). We tagged 18 Common Terns and 10 Roseate Terns on Falkner in 2018 (Appendix 1.2).     

 

    1.2.3.3 Coastal Rhode Island  

 

We tagged 20 and 18 Piping Plovers in 2018 and 2019, respectively, at several beaches along the 

southern coast of Rhode Island. We planned on tagging 20 plovers in 2019, but two tags would 

not activate, and we were unable to obtain replacement tags in time for field efforts.  Nesting 

Piping Plovers at Rhode Islandôs beaches were monitored by USFWS staff from the Rhode 

Island National Wildlife Refuge complex, although individual sites were owned and managed by 

various Federal, State, and NGO entities and have varying levels of public use and access. 

Across all sites in Rhode Island, the highest trapping effort for Piping Plovers was at Trustom 

Pond NWR (41°22'N, 71°34'W) at East Beach Watch Hill (EBWH; 41°18'N, 71°50'W). Trustom 

Pond NWR (13 pairs in 2019) and EBWH (15 pairs in 2019) contain the largest concentrations 

of the 65 of nesting pairs monitored by USFWS staff in 2019 (Durkin et al. 2019). 

 

    1.2.3.4 Buzzardôs Bay, MA  
 

In 2017, Loring et al. (2019) tagged 29 Common and 30 Roseate Terns from three islands (Bird, 

Ram, and Penikese) in Buzzards Bay, Massachusetts. 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 2016 (Mostello et 

al. 2018). Bird Island (41°40'10 N, 70°43'02"W) is a 0.006 km2 island located < 2 km off the 

coast of Marion, MA. Ram Island (41°37'05"N, 70°48'16"W) is a 0.01 km2 island located < 1 km 

off the coast of Mattapoisett, MA. Penikese Island (41°27'05"N, 70°55'03"W) is 0.3 km2 island 

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 

using digital VHF transmitters (ñnanotagsò, Lotek Wireless, Ontario, Canada). Each Common 

and Roseate tern in the study was fitted with Lotek NTQB2-4-2 nanotags (Appendices 1.1 & 

1.2). The transmitter body measured 1.4 g; 12 x 8 x 8 mm with an 18-cm long antenna, and a 

battery life of 72-92 days. The NTQB2-4-2 nanotags were sutured on the backs of terns, since 

they are plunge-divers, which increased tag retention rates (Loring et al. 2019). All tern tags 
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were coated with a waterproofing material and custom-fit with 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 studies found no evidence of an adverse effect of the tag on adult Common 

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

 

In 2017, 2018 and 2019, each Piping Plover within the study was fitted with a Lotek NTQB2-3-2 

nanotag (0.67 g; 12 x 6 x 5 mm), which had a 16.5-cm long antenna (Appendix 1.3). Following 

Loring et al. (2019), transmitters were glued to the interscapular region. The transmitter and 

attachment materials weighed <2% of the body mass of tagged Piping Plovers. During prior 

fieldwork, we determined the tags did not affect nest success 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 programmed to continuously transmit signals on a shared 

frequency of 166.380 MHz from activation through the end of battery life. Burst intervals (time 

between transmissions) were randomly assigned and unique to each transmitter and ranged from 

4 to 6 seconds. The expected life of the NTQB-3-2 nanotags ranged from 72 days (4 second burst 

interval) to 92 days (6 second burst interval). Tag deployment metadata for each tagged bird in 

this study are provided in Appendix 1.3). 

 

1.2.5 Automated Radio Telemetry Stations: Motus Network  
 

We tracked the signals of tagged birds using multiple automated radio telemetry stations that 

were part of the Motus Wildlife Tracking System, an international network of collaborative 

automated radio telemetry studies (Taylor et al. 2017). From 2014 to 2017, most stations in the 

US Atlantic coast study area consisted of a 12.2-m radio antenna mast supporting six 9-element 

(3.3 m long, www.Lairdconnect.com model PLC1669: 11.1 dB gain, 166 to 174 MHz) Yagi-Uda 

(hereafter Yagi) antennas mounted in a radial configuration at 60° intervals (Loring et al. 2019).  

During Fall 2017, these towers were modified to 6-m tall towers by removing two 3-m long 

segments, and replacing the 9-element Yagi antennas with shortened 5-element Yagi antennas 

(~1.5 m long, similar to a www.Lairdconnect.com PLC1666, ~7 dB gain; frequency range 166 to 

174 MHz). Additional coverage throughout the Study Area was provided by Motus Network 

receiving stations that varied in height, number of antennas, station elevation, and type of 

receiver (Figures 1.7 & 1.8). To view a map of the extent of the Motus Network and how it has 

expanded from 2013 through 2020 visit: https://motus.org/data/receiversMap?lang=en  

https://motus.org/data/receiversMap?lang=en
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Figure 1.7. Example of a Motus Wildlife Tracking System station with three 9-element, 11-dB 

Yagi antennas located on a 6 m telescoping mast on the northcentral Puerto Rico. 

 
Figure 1.8. Some of the Motus Wildlife Tracking System network stations in southern New 

England that tracked focal bird species for this project. 
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In 2018 and 2019, 31 Motus stations from Nova Scotia to French Guiana detected terns and 

plovers tagged for this study (Table 1.2). We operated an array of eleven, land-based automated 

radio telemetry towers at coastal sites ranging from Cape Cod, MA to Long Island, NY. In 

addition, at each tern tagging site (Great 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 1.2. Motus Wildlife Tracking System automated telemetry stations that had detections of 

tagged Roseate Terns, Common Terns, or Piping Plovers in 2017, 2018 and 2019. 

Code  Location  Latitude Longitude 

Motus 

Project 

ID Model1 

Years 

active 

# of 

Tagged 

Birds 

Detected 

TICO  Icapuí, Brazil  -4.699 -37.358 239 SG 2019 1 

CAYE  

Cayenne, French 

Guiana  4.944 -52.325 117 SG 2018 1 

AWYA   

Awala-Yalimapo, 

French Guiana  5.746 -53.935 117 SG ó18,ó19 4 

CEDI  Cedar Is. NWR, NC  34.957 -76.278 4 SG ó17 4 

PEAI  Pea Island NWR, NC  35.717 -75.493 4 SG ó17,ó18,ô19 16 

BBVA  Back Bay NWR, VA  36.671 -75.915 14 Lotek ó17 9 

FISH  Fisherman  Is, VA  37.098 -75.978 167 Lotek ó19 1 

SKID  Skidmore Is., DE  37.134 -75.925 14 Lotek ó17,ó18,ô19 15 

PARR  Wachapreague, VA  37.573 -75.617 14 Lotek ó18 3 

CHIN  Chincoteague VA  37.862 -75.369 14 Lotek ó17 1 

ASSA  Assateauge Is.  DE  38.241 -75.136 48 SG ó17,ó18,ô19 5 

CHDE  

Cape Henlopen State 

Park, DE  38.770 -75.085 14 Lotek ó17,ó18,ô19 8 

DADS  Dad's, Cape May, NJ  39.028 -74.801 47 SG ó17 2 

NORB  Cape May, NJ  39.053 -74.925 47 SG ó17 1 

AVNJ  Avalon, NJ  39.092 -74.717 14 Lotek ó19 1 

NBNJ  North Brigantine NJ  39.429 -74.34 14 Lotek ó17 6 

RTNJ  

Great Bay B. WMA, 

NJ  39.509 -74.324 14 Lotek ó19 1 

SHNJ  Sandy Hook, NJ  40.429 -73.984 14 Lotek ó17,ó18,ô19 5 

CONY  Coney Island, NY  40.573 -73.977 14 Lotek ó17 1 

FRIS  Fire Is., NY  40.632 -73.215 14 Lotek ó17,ó18,ô19 6 

MASH  

Mashomack Preserve 

TNC, NY  41.052 -72.273 14 Lotek ó18, ó19 30 

MNTK  Montauk, NY  41.059 -71.869 14 Lotek ó17,ó18,ô19 135 

BIWF  

Block Is. Wind Farm, 

RI  41.126 -71.507 14 SG ó17 1 

BIBR  Black Rock, RI  41.148 -71.59 14 SG ó17,ó18,ô19 63 

SELI  SE Lighthouse, RI  41.153 -71.552 14 Lotek ó17,ó18,ô19 44 

STPO  Stratford Point, CT  41.155 -73.103 84 SG ó17 2 

PLIS  Plum Island, NY  41.189 -72.163 14 Lotek ó17 80 

GGIS  Great Gull Is., NY  41.202 -72.119 14 Lotek ó17,ó18,ô19 147 
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Code  Location  Latitude  Longitude 

Motus 

Project 

ID  Model1 

Years 

active  

FALK  Falkner Is., CT  41.213 -72.653 14 Lotek ó18, ó19 51 

NOMS  

South Nomans Is., 

MA  41.253 -70.813 14 Lotek ó17,ó18,ô19 18 

NOMA  

North Nomans Is., 

MA  41.261 -70.815 14 Lotek ó17 63 

OSCT  Old Lyme, CT  41.287 -72.324 14 Lotek ó17, ó18 2 

NAPA  Napatree, RI  41.306 -71.883 14 Lotek ó17,ó18,ô19 36 

CTPT  Coatue Beach, MA  41.307 -70.063 14 Lotek ó17, ó18 36 

MUSK  Muskeget Is, MA  41.337 -70.304 14 Lotek ó17 61 

TRUS  

Trustom Pond NWR, 

RI  41.373 -71.576 14 Lotek ó17,ó18,ô19 71 

GTPT  Great Pt Light, MA  41.390 -70.049 14 Lotek ó17, ó18 48 

SACH  Sachuest Pt NWR, RI  41.479 -71.243 14 Lotek ó17,ó18,ô19 10 

WAQT  

Waquoit Bay NERR, 

MA  41.551 -70.506 14 Lotek ó17,ó18,ô19 84 

MNYS  

S Monomoy NWR, 

MA  41.553 -70.01 14 Lotek ó17, ó18, 29 

MNYN  

N Monomoy NWR, 

MA  41.609 -69.986 14 Lotek ó17,ó18,ô19 51 

WING  Wings Neck, MA  41.680 -70.661 14 Lotek ó17, ó18 6 

WELL  Wellfleet, MA 41.915 -69.972 14 Lotek ó17 1 

RCPT  

Race Point 

Lighthouse, MA  42.065 -70.243 14 Lotek ó17 11 

PKRS 

Parker River NWR, 

MA 42.780 -70.808 9 SG ó19 2 

WNER  

Rachel Carson NWR, 

ME  43.349 -70.523 25 SG ó19 1 
1Sensorgnome (SG) or Lotek receiver 

 

1.2.5.1 Stations on Block Island: Black Rock and Southeast Lighthouse 
 

On and near Block Island, we operated three receiving stations from 2017 to 2019, one at 

Southeast Lighthouse (on land owned by the Southeast Lighthouse Foundation) and one at Black 

Rock (land owned by the Natural Conservancy), and the eastern-most turbine (#1) on the Block 

Island Wind Farm (owned and operated by Deepwater Wind, which is now operated by Ørsted; 

www.us.Orsted.com/wind-projects). Our permits from the town of New Shoreham required that 

Black Rock and Southeast Lighthouse receiving stations were temporary structures, therefore 

they had to be deconstructed around November each year, stored on the mainland, and 

transported back to Block Island each spring to be reconstructed by a crew of 3-5 people.  

At the two land-based receiving stations on Block Island, we tested a variety of hardware and 

software configurations to assess effects to detection rates throughout the project (Table 1.3).  
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In 2017, the receiving station at Southeast Lighthouse was operated by Loring et al. (2019). It 

consisted of four 3-m long triangular tower sections (www.rohnnet.com; 25G), with six 9-

element 11-dB antennas mounted in a radial configuration at 60° intervals (Table 1.3). The 

station at Black Rock consisted of a portable telescoping mast extended to a height of 6.1 m. 

This station had three 9-element 11-dB Yagi antennas, a Sensorgnome receiver with a 

beaglebone black processer, a 140-watt solar panel, two 12-volt deep-cycle batteries, and a 

lockable tool case for the receiver, the marine batteries, and a solar charge controller (Figure 

1.9). Antenna bearings for these three Yagi antennas are given in Table 1.3, with two antennas 

facing south towards the Block Island Wind Farm.  

 

 
 

Figure 1.9. Telescoping mast (~6 m tall) used at Black Rock and Southeast Lighthouse, Block 

Island, RI during 2017 field season.  This photo is the Black Rock station with three 9-element 

3.3 m long, 11-dB Yagi antennas, a 140-watt solar panel used as power source, and metal 

lockable tool case that contained the receiver, solar charge controller and 2 marine batteries. 

 

In 2018 at Black Rock, we constructed a 6.1 m tall tower using two 3-m long triangular tower 

sections (www.rohnnet.com; 25G), with three 5-element 8-dB Yagi antennas constructed from 

the terminal end of a 9-element Yagi antenna (i.e., 3 directors, one driven element and one 

reflector) and one 6.4 m tall 10-dB omnidirectional antenna (Shakespeare model 476 VHF 

antenna; www.Shakespeare.ce.com); the latest model Sensorgnome receiver with a newer model 

raspberry pi processor constructed by Compudata.ca to collect data, and same power supply and 

lock box as in 2017 (Figures 1.9 & 1.10).  At Southeast Lighthouse in 2018, the station consisted 

of a 6.1 m pop-up mast, one 5-element 8-dB Yagi antenna, one 10-dB omnidirectional antenna, a 

Sensorgnome receiver with a raspberry pi processor, and associated supplies to power the station 

(Figure 1.12). Antenna bearings for 2018 are given in Table 1.3. 
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Table 1.3. Summary of automated VHF telemetry stations operated by this project on Block 

Island and vicinity from 2017 ï 2019. The stations included Block Island Wind Farm (BIWF), 

Black Rock (TNC property) and Southeast Lighthouse (SE Lighthouse Foundation).  

 

Station  

(tower height in m) Year 

Antenna 

bearing Receiver1 

Begin 

Date 

End 

Date 

Motus 

Deploy ID 

BIWF (33 m) 2017 166°*  SG-BBK 08-03 09-14 4488 

BIWF (33 m) 2017 256°*  SG-BBK 08-03 09-14 4488 

BIWF (33 m) 2017 346°*  SG-BBK 08-03 09-14 4488 

BIWF (33 m) 2017 76°*  SG-BBK 08-03 09-14 4488 

BIWF (33 m) 2018 166°*  SG-BBK 05-16 10-01 5004 

BIWF (33 m) 2018 256°*  SG-BBK 05-16 10-01 5004 

BIWF (33 m) 2018 346°*  SG-BBK 05-16 10-01 5004 

BIWF (33 m) 2018 76°*  SG-BBK 05-16 10-01 5004 

BIWF (33 m) 2019 346°*  L-800-D1 06-26 10-24 5375 

BIWF (33 m) 2019 76°*  L-800-D1 06-26 10-24 5375 

BIWF (33 m) 2019 256°*  L-800-D1 06-26 10-24 5375 

BIWF (33 m) 2019 166°*  L-800-D1 06-26 10-24 5375 

Black Rock (6 m) 2017 102°**  SG-BBK 07-01 12-28 4483 

Black Rock (6 m) 2017 152°*  SG-BBK 07-01 12-28 4483 

Black Rock (6 m) 2017 201°**  SG-BBK 07-01 12-28 4483 

Black Rock (6 m) 2018 130°*  SG-RPI 05-15 10-01 4998 

Black Rock (6 m) 2018 250°*  SG-RPI 05-15 10-01 4998 

Black Rock (6 m) 2018 10°*  SG-RPI 05-15 10-01 4998 

Black Rock (6 m) 2018 OMNI°*  SG-RPI 05-15 10-01 4998 

Black Rock (6 m) 2019 234°*  L-SRX800 06-03 08-31 5374, 6035 

Black Rock (6 m) 2019 114°*  L-SRX800 06-03 08-31 5374, 6035 

Black Rock (6 m) 2019 336°*  L-SRX800 06-03 08-31 5374, 6035 

Black Rock (6 m) 2019 OMNI L-SRX800 06-03 08-31 5374, 6035 

SE Light (12 mô) 2017 60° int2**  L-SRX800 01-01 10-18 3271 

SE Light (6 m) 2018 166°*  SG-RPI 05-15 10-15 4994 

SE Light (6 m) 2018 OMNI SG-RPI 05-15 10-15 4994 

SE Light (3.3 m) 2019 98°*  L-SRX800 06-03 12-31 5372 

SE Light (3.3 m) 2019 338°*  L-SRX800 06-03 12-31 5372 

SE Light (3.3 m) 2019 178°*  L-SRX800 06-03 12-31 5372 

SE Light (3.3 m) 2019 OMNI L-SRX800 06-03 12-31 5372 
1 Receiver models: sensorgnome beaglebone black (SG -BBK), sensorgnome raspberry pi (SG-

RPI), Lotek model SRX800MD2 (L-SRX800), or Lotek model SRX800D1 (L-800-D1) 

26 antennas at 60° intervals: bearings: 0°, 60°, 120°, 180°, 240°, 300°,  

*5-element 8-dB Yagi antenna, **9 -element 11-dB Yagi antenna 
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Figure 1.10. Tower array at Black Rock, Block Island used during 2018 field season, which 

consisted of two 3.3 m tower segments with three 5-element 8-dB Yagi antennas and one 6.4 m 

tall 10-dB tall omnidirectional antenna. 

 

 
 

Figure 1.11. Tower being constructed at Black Rock, Block Island in June 2018. This 20 ft tall 

tower had 3 5-element 8-dB Yagi antennas and a 6.4 m tall 10-dB omnidirectional antenna.   
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Figure 1.12.  Tower being constructed for the 2018 field season at Southeast Lighthouse. Tower 

was built on 4 m tall pop-mast and included 1 5-element 8-dB Yagi antenna and one 6.4 m tall 

10-dB omnidirectional antenna.  The lighthouse was north of the tower array and another 

omnidirectional antenna for another project is in the foreground on the left.  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 one 3-m tall triangular Rohn tower 

section to support three 5-element Yagi antennas, one 6.4 m tall omnidirectional antenna, and 

Lotek SRX800-D1, as well as the usual power supplies and lock cases (Figures 1.13, 1.14 & 

1.15).   

 

All receivers were programmed to automatically log several types of data from each antenna 

including: tag ID number, date, time stamp, antenna (defined by monitoring station and bearing), 

and signal strength (Lotek receivers: linear scale = 0 to 255; Sensorgnomes: linear scale = -104 

to-40). Sensorgnome receivers monitor multiple antennas simultaneously, whereas Lotek 

receivers cycled sequentially among antennas (6.5 s dwell time) with a switchbox (Taylor et al. 

2017). 
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Figure 1.13. Tower array (3 m tall tower) at Southeast Lighthouse in June 2019, showing 3 5-

element Yagi 8-dB antennas, a 6.m tall, 10-dB omnidirectional antenna, with Lotek SRX800 

receiver.  

 
 

Figure 1.14. Constructing 3-m tall tower at Black Rock. Block Island, Rhode Island with three 5-

element Yagi 8-dB antennas and one 6.1-m tall, 10-dB omnidirectional antenna for the 2019 

field season.  
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Figure 1.15.  Station supplies loaded into a truck to transport to Block Island   

 

1.2.5.2 Station on Block Island Wind Farm  

 

The Block Island Wind Farm was the first operational offshore wind energy facility in North 

America.  In 2015 and 2016, Deepwater Wind (DWW) constructed the wind farm in state waters 

~3 miles offshore from the southeast corner of Block Island, Rhode Island (Figure 1.1). Block 

Island Wind Farm consisted of five 6-MW, 180-m tall Haliade 150 wind turbines (151 m rotor 

diameter) that became operational in December 2016. We were able to enter into a research 

collaboration with DWW for the 2017 and 2018 field seasons (Appendix 1.4), and Ørsted (which 

acquired Deepwater Wind) in 2019 to operate a VHF receiving station at the Block Island Wind 

Farm on Turbine #1 (the eastern most turbine)(Figures 1.16, 1.17, & 1.18. Due to stringent 

OSHA regulations, we (URI or USFWS staff) could not install or directly monitor the VHF 

telemetry station on this offshore wind energy facility, therefore only DWW or Ørsted OSHA-

certified staff could work on the platform.  

 

A Hold Harmless agreement was signed in July 2017 which allowed the receiver and antennas to 

be installed on the turbine platform by DWW staff on 4 August 2017 (Appendix 1.4). DWW 

staff, led by John OôKeefe installed a Sensorgnome receiver with a beaglebone black processer, 

which was located in a water-resistant, insulated cooler (Yeti tundra 65 cooler, www.yeti.com, 

Figure 1.16). The turbine had a 110-volt AC power outlet, which was the power source for the 

receiver. There were 6-element 7.1-dB Yagi antennas installed on railings of the platform 

pointing in approximately the four cardinal directions. 

 

http://www.yeti.com/
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Figure 1.16. VHF telemetry station on Turbine #1, Block Island Wind Farm, installed on 3 

August 2017 by Deepwater Wind with 4 6-element 7.1-dB Yagi antennas installed.  Block Island 

can be seen in background. Photo by J. OôKeefe DWW. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.17. Block Island Wind Farm, five 6-MW turbines ~5 km off Block Island, started 

operations were initiated on 12 December 2016. Since 2015, an automated radio telemetry 

station at SE Lighthouse (red star) has tracked birds with digital VHF transmitters. Turbine #1 

(far right turbine) had a VHF telemetry receiving station in 2017 to 2019. Photo courtesy of 

dwwind.com 
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Figure 1.18. Block Island Wind Farm Turbine #1 (eastern most turbine) showing 3 of 4 6-

element (7.1-dB) antennas (red arrows) mounted on railings ~ 33 m above ocean.   

 

In 2018, DWW staff re-installed the 4 6-element Yagi antennas and we had them replace the 

receiver used in 2017 with a new Sensorgnome receiver with a newer model raspberry pi 

processor.  This receiver frequently had technical issues resulting in data gaps during most of 

2018 (see Results), so it was replaced in 2019 with a Lotek SRX800-D1, installed on 24 June 

2019. Our original agreement with DWW was to use a receiver that transmits data remotely via 

cellular stick. However, technology for remote data acquisition was not yet available for offshore 

locations including the Block Island Wind Farm due to limited cellular data coverage. Therefore, 

we instead requested that DWW staff download data from the receiver when feasible during 

summer maintenance trips.  

 

The detection range of each station varied with the height of the antennas on the tower, height of 

the station above sea level (asl), terrain surrounding tower, altitude of the transmitting bird, and 

the antenna type (White and Garrott 1990, Kenward 2001, Taylor et al. 2017). Directional 

antennas, such as 3-5 element Yagis have an estimated detection range of 2-5 km, whereas 9-

element Yagis can detect tags >3 km or farther, with tags often detected 20 km or farther (Taylor 

et al. 2017). Omnidirectional antennas have a 360-degree detection radius but a 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 Sept 2017  

Using the USFWS Coastal Programôs 23ô Parker boat with Tom Halavik as captain, Pam 

Loring and another technician conducted a series of moving transects off the southern coast 

of Block Island.  Two Lotek nanotags were 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 altitude of ~20-25 

m altitude above the 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 and 

ensure the tags were active during these trials. The transect was ~ 3-12 km from receiving 

stations. 

 

1.2.6.2 Kite along moving transect: 9 July 2018  

Using the USFWS Coastal Programôs 23ô Parker boat with Tom Halavik as captain, Kevin 

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 flown on a 122 m long string at a 30° angle resulting in a flight altitude of ~20-25 m 

altitude above the 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 and 

ensure the tag was active during these trials. The transect was ~ 2 -7 km from 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 ~ 2-11 km from receiving stations. 

 

1.2.6.4 Kite along moving transects: 9 Aug 2018 

Using the USFWS Coastal Programôs 7 m Parker boat with Tom Halavik as captain, Kevin 

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 flown at approximately 20 m altitude above the 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 and ensure the tag was active during these trials. The transect 

was ~ 2-9 km from receiving stations. 

 

1.2.6.5  Drone 5 Fixed locations, 5 altitudes: 10 June 2019  

Using the USFWS Coastal Programôs 7 m Parker boat with Tom Halavik as captain, Peter 

Paton and Greg Bonynge, certified FAA pilot, flew a Phantom3 drone with a test tag (#4) 

attached to drone strut at 5 fixed points at 5 altitudes (15 m, 30.5 m, 61 m, 91 m, and 122 m) 

for 2 min at each altitude. At each altitude the drone would remain stationary for 2 min 
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(Figures 1.19 & 1.20). The start times and latitude-longitude coordinates were: 1) Start time= 

09:37; 41.137077, -71.514584, 2) Start time = 10:01, 41.122023, -71.502009, 3) Start time = 

10:24, 41.100499, 71.533742; 4) Start time = 10:40, 41.105742, -71.544638; 5) Start time= 

11:07, 41.118533, -71.541893 (Figure 1.20). We used 4 batteries for the drone to complete these 

flights.  Between fixed points the drone Pilot Bonynge would land the drone in the boat, the boat 

would move to the next fixed point and relaunch the drone. The points were ~ 3-6 km from 

receiving stations. 

 

1.2.6.6 Drone 3 fixed locations 30 m altitude - 27 June 2019   

Using the USFWS Coastal Programôs 7 m Parker boat with Tom Halavik as captain, Peter 

Paton, Soroush Kouhi and Greg Bonynge attempted 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 Block Island, 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 and latitude- longitude for each point are: 1) Flight time 

= 9:52 ï 10:08; 41.1331, -71.5241; 2) Flight Time: 10:22-10:33; 41.1252, -71534; 3) Flight 

Time: 10:50 ï 11:00; 41.1331, -71.4241 (Figure 1.20). The data were downloaded from the 

Block Island stations on 28 June. Points were 3-5 km from receiving stations. 

 

 
 

Figure 1.19. Quadcopter drone during calibration surveys within 1 km of the Block Island Wind 

Farm.  Right panel: Nanotag was taped to right lower strut of quadcopter. 
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Figure 1.20. Captain Tom Halavik, USFWS retired, piloted the USFWSôs 7 m Parker boat near 

the Block Island Wind Farm for drone and kite calibration surveys.   

1.2.6.7  Drone along moving transect - 9 July 2019  
 

The goal of this survey was to mimic the direct flight pattern of a bird by flying the drone at a 

fixed speed similar to the flight speed of a tern (10 m per sec) based on estimated tern flight 

speed of 10 m per second (Wakeling and Hodgson 1992) and a Piping Plover at 12 m per second 

(Hedenström et al. 2013, Stantial and Cohen 2015; see also Anderson et al. 2019). Greg Bonynge 

programmed the flight plan of the drone to fly the 3-km long transect from east to west, and then 

return along the same transect from west to east.  Each 6-km route was flown at 4 altitudes (100ô 

(30.5 m), 200ô (61 m), 300ô (91.5 m), and 400ô (122 m)). This transect was ~1,600 m NW of the 

Block Island Wind Farm and 3 ï 4 km from receiving stations. 

 

The drone was programmed to start at a fixed point (Figure 1.21) by hovering for 30 seconds and 

taking a GPS referenced photo. The photo was taken to document the latitude and longitude (± ~ 

10 m accuracy, G. Bonynge, pers. comm.) as well as the time and date. Points associated with 

location #1 effectively documented the start time of each transect. The drone then shifted ~2 

meters to location #2, took a picture, then hovered 30 seconds. The drone had to shift because the 

app, DJI Ground Station Pro, used by Greg Bonynge to program the flight did not allow him to 

stack two waypoints on top of each other, and it did not allow hovering for longer than 30 

seconds at a single waypoint. Next, the drone started the transect by accelerating to 10 meters per 
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second (approximate flight speed of a tern) on the outbound east to west leg, pausing briefly at 

locations #3 and #4" to take a photo and collect GPS coordinates.  

 

These two waypoints were necessary because the app would let not the pilot program a flight 

with any given leg longer than ~1000m. The outbound leg ended at location #5, taken another 

photo, hover for 30 seconds, shift 2 m to location #6 and hover for 30 seconds, take a photo, 

hover 30 sec, small shift to location "6", photo, hover 30 sec. The inbound leg ( west to east) also 

flew at 10 m per second, with brief stops at locations #7 and #8 for a photo, and ended at location 

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

Figure 1.21.  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 locations (blue circles) SE of Block 

Island and 27 June 2019 (right panel) at 3 fixed locations (blue circles). The drone was at 

least 400 m from closest turbine in the Block Island Wind Farm (black Xôs) and 4 to 10 km 

from automated receiving stations.   

 

sec.  After each outbound-inbound flight, the pilot flew the drone back to the waiting motorboat, 

changed the droneôs battery and conducted another flight that was 30.5 m higher.  According to 

FAA rules, the maximum altitude the pilot was allowed to fly was 122 m asl with the drone. 

 

1.2.7 Analysis of data 
 

We based analyses of bird movements using components of models and code developed by 

Janaswamy et al. (2018) as explained in section 1.2.6.3.  

 

1.2.7.1 Post-processing of tag data 
 

Raw detection data, and tag metadata, were sent to the Motus Wildlife Tracking System for 

centralized processing (Taylor et al. 2017). Processed tag 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 Island Wind Farm were downloaded using the unique ID for a given 

receiver (Table 1.4). This dataset included any 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 receiving stations in the Motus network, we downloaded the data using our 

unique Motus project ID number (#14). For all detections by Yagi antennas, we filtered the data 

following recommendations by Taylor et al. (2017) and Crewe et al. (2019). Primarily, we used 

ñrun lengthsò of a tag to filter our data. A run length indicates a sequence of hits at a tower of a 

given Nanotag ID that are within the time interval expected by the burst length of that tag. A run 

includes hits that differ by the tagôs unique period between bursts, and is allowed have a given 

missing time gap between hits of that tag. Noise in the environment around a tower from 

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

the data to remove those false positives. In general, the likelihood of a tag detection being false 

decreases as a run length increases. Therefore, we first excluded any detections with a run length 

of 3 or less, as those detections have a higher probability of being a false positive detection, and 

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

 

     Additionally, we excluded detections that were more than four milliseconds from a tagôs 

unique burst interval between each consecutive burst. Using the traditional filtering algorithm, 

omnidirectional antennas attached to Lotek receivers returned very few detections. Since this 

result was likely due to the time intervals that Lotek receivers cycled through antennas 

(compared to Sensorgnome receivers that are capable of detecting all antennas simultaneously), 

we applied a slightly different filtering process for those omnidirectional antennas described in 

(Appendix 1.8; note code will be inserted in next draft). Once data were downloaded, we created 

a dataframe on our local computer so that we could more easily work with dates and times, and, 

importantly, transform timestamps from coordinated universal time to easten standard times. We 

were also careful to examine detections of a given tag over time and space to further discard any 

implausible detections based on a given species flight speed or ecology. Once we obtained a 

clean dataset for each year, we subset out tags associated with the calibration surveys, and joined 

the Motus 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 Appendix 1.8). 
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Table 1.4 ï Unique receiver IDs used to download datasets from Motus.org.  

Automated Receiving 

Station 

Year Receiver ID 

SELI 2017 Lotek-6448 

2018 SG-30B8RPI3AB49 

2019 Lotek-225 

BIBR 2017 SG-4001BBBK2230 

2018 SG-B4B4RPI36D28 

2019 Lotek-380 

BIWF  2017 SG-2616BBBK1111 

2018 SG-2616BBBK1111 

2019 Lotek-D000793 
 

 

The Motus.org network provides several helpful tools that quickly summarize detection data for 

each receiver associated with the project. This includes a graph showing timeline of a given 

receiver per year of operation and a graph illustrating the timeline of a given receiver 

deployment. The receiver deployment timeline illustrates the number of tags detected by the 

receiver (although a rough estimate) as well as the amount of time the station was active 

illustrated by the time a GPS unit associated with a given receiver was active, and activity 

patterns associated with the antennas. Therefore, we used the deployment timeline to estimate 

when the receiver was on and powered (GPS unit = On) and the associated antenna activity 

patterns. The antenna activity patterns indicate when the antenna was detecting any noise or tags 

in the area. We assumed for Sensorgnome receivers, but not Lotek receivers, the lack of antenna 

activity indicated when an antenna was not powered, although more analysis is needed.     

 

1.2.7.2  Converting signal strength between Lotek and Sensorgnome receivers 
 

The signal strength from the tags are recorded on a unitless scale of 1 - 255 from Lotek receivers 

(www.lotek.com). Although most receiving stations during this study were equipped with Lotek 

receivers, some stations used Sensorgnome receivers (www.compudata.ca). For the 

Sensorgnome receivers, the received signal strength ranges from -104 dB to -40 dB, thus needed 

to the Lotek range using the following simple linear relationship (J. Bruzowski, pers comm.): 

  

ὤ τπὋ ττὨὄάτυφυȾρρ  (1) 

 

where Z is the signal strength from the Lotek range, G0 is the Sensorgnome receiver gain, and 

dBm is the signal strength from the Sensorgnome. In this study the receiver gain, G0, was 

assumed zero as it had the best compatibility with the signal range (1 - 255) from Lotek 

receivers.  

 

1.2.7.3  Analysis of movements during calibration surveys 
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First, we looked at all detections of a test tag during a given calibration survey and assigned each 

detection to a known GPS location of the drone or kite by matching the time of the detection to 

the nearest timepoint of the survey.   

 

We then used the modeling approach developed by Janaswamy (2018) to estimate the locations 

of tags. Predicting the location of the tag requires converting the received signal from the 

receiver to the actual signal strength accurately. We used data from the calibration surveys to 

adjust the parameters in the conversion equation used by Janaswamy et al. (2018). The following 

equation was used to convert the received signal strength to the actual power: 

 

ὸὥὲὬ ὦȢÌÎ ρ    (2) 

 

where ὤ π and ὤ ςυυ show the lower and upper limits of the received signal, Z is the 

displayed signal from receiver,  ʊ is the expected received power in the noiseless environment, 

ὖ is environmental noise, and b is a constant value.  The value of b and ὖ were adjusted during 

the calibration surveys: that is the kite surveys in 2017 and 2018, and drone flight in 2019. The 

value of b was set to 0.3013, and the value of  ὖ was set to 4.89 x ρπ  , 4 x ρπ , and   10 x 

ρπ  for the simulations regarding to 2017, 2018, 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 pattern contours, we needed to be able to 

estimate the radiation pattern of each Yagi antenna. We changed antenna annually (e.g., bearings 

and number of elements, as well as the number of antenna) at each station on Block Island at 

Black Rock and Southeast Lighthouse stations. For this study, we used either 5-, 6- or 9- element 

Yagi arrays which had an estimated gain of 8-dB, 7.1, and 11.1 dB, respectively.  All antennas 

were tuned to a frequency band that overlapped the frequency of nanotags (166.380 MHz) based 

on half a wavelength in free-space (‗ = 1.8 m). We estimated the radiation pattern, Ὣ— of each 

antenna based on Janaswamy et al. (2018): 

 

Ὣ—  
Ⱦ

      (5) 

 

in which ὴ and ή are calculated by  

ὴ  ‍ ὒȾς      ή  ‍ ὒȾς    (6) 

 

where ‍  is the phase per unit length (‍ Ὧ
Ȣ

),  Ὧ the wave number (Ὧ ς“Ⱦ‗ , 

and  ὒ is the effective length of the antenna. For the 9-element Yagi-antenna, ὒ = 4.6 m and for 



33  

the 5-element Yagi-antenna ὒ ς ά [3]. When these parameters are estimated, Eq 4. is used to 

project these patterns on a horizontal plane at each desired altitude. If the tag is in the direction 

of the main beam, — π, and Eq. (5) reduces to Eq (7) that can be simply used for the single 

detections: 

Ὣπ    (7) 

 

 

All Matlab code for calculating antenna bearings are provided in Appendix 1.7. 

 

1.2.7.3.2 Static model 

 

The actual received power ʊ depends on the distance and direction of the tagged bird and the 

gain of the Yagi antenna. The relation between the received power and the location of the bird 

can be expressed as  

ʊ  Ç —
ȢȢ

Ȣ
  (3)  

 

where Ὣ— is the radiation pattern of the directional beam of the receiving antenna, — is the 

angle made by a bird location and direction of the antenna in the local coordinate system, k 

represents the wave number, z represents the flight altitude, H is the height of the station, and R 

is the horizontal distance between the bird and the station. The radiation pattern will be described 

in the next section. For bird and tower heights much smaller than the horizontal bird range to 

tower, (i.e.  ὯȢὌȢᾀḺὙ, it can be approximated that R = r (distance between tower and the bird) 

and ÓÉÎὯȢὌȢᾀ  ὯὌᾀ which result in the following form of Eq. (3) 

Ò  Ὣ—
Ȣ
    (4) 

In Eq. (4), — , z, and R are the unknowns of the equation. Eq. 4 is the basis formula to calculate 

the bird location using the received signal and antenna pattern. With a single value of received 

signal, Eq. 4 results in multiple locations from the same signal strength that makes the prediction 

of the bird non-unique. Therefore, we used data from single antenna detections and Simultaneous 

detections among antennas to estimate the location of the bird (or test tag) and reduce the 

associated uncertainties.  

 

In this method, triangulation is used to estimate the bird location in which the distance between 

the bird and at least two simultaneous detections from separate antennas at two or more receiving 

stations is calculated. As there are usually limited number of simultaneous detections, we used a 

time window with a specific length (within the range of 30 to 100 seconds).  We assumed the 

detections within the time window were near-simultaneous detections. If the time window is too 

large, the movements of the bird between detections cannot be ignored. In this study, we 

assumed a specified altitude for the calibration surveys and several specified altitudes (20, 30, 
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60, and 90m) for the bird movement in Eq. 3. The intersection of projected antenna pattern 

contours on the horizontal coordinates for the corresponding signals in that specified altitude 

predicts the approximate location of the bird with the assumption that bird is not moving during 

the time window (Figure 1.22).  This method can be applied to different antennas at the same 

station or using different antennas at different station. Even though the uncertainty in the 

estimated location is reduced with near simultaneous detections, predicating of the bird's location 

with near-simultaneous can still be inaccurate because of the uncertainty in the estimated altitude 

(Janaswamy et al. 2018). Within each time window, there might only be single detections. For 

these single detections, we assumed that the bird was along the main beam of the received 

antenna. 

 

All Matlab code for estimating tag locations during calibration surveys from 2017-2019 are 

provided in Appendix 1.6. 

 

 
Figure 1.22. Example of the intersection the simultaneous/near simultaneous detections from two 

separate towers which represents the approximate location of the bird (red x). 
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1.3.0 RESULTS 
 

The following section summarizes detections of tagged birds from automated telemetry stations 

on Block Island: 

 

1.3.1 Black Rock station: 2017 
 

The Black Rock station was active from 29 Aug to 8 Dec in 2017 (Figure 1.23). A total of 6 

unique tags were detected at Black Rock in 2017 from four different species (3 species of 

shorebirds and Tree Swallows) (Table 1.4). Presumably because the station became active after 

Common and Roseate terns had dispersed from breeding colonies to staging sites, and after 

tagged adult Piping Plovers migrated from the region, these focal species were not detected at 

this station in 2017. There were no time periods when the station was inactive and most antennas 

detected environmental noise and/or tags 24 hours per day. There were no detections after Oct 3. 

 

In 2017, we had relatively few detections using three 9-element Yagi antennas, with no terns or 

plovers we tagged detected out of the 339 detections, with relatively similar detection rates 

among each of the antennas: 102°: 134 detections; 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 Semipalmated Plovers, 2 Semipalmated Sandpipers, 1 Tree Swallows, and 1 White-

rumped Sandpiper.  

 

Table 1. 4. Total number of detections for four species at three 9-element 11-dB antennas at 

Black Rock station during the 2017 season. 

 

 Antenna bearing  

Species ï 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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Figure 1.23. Chronology of 6 tags detected at Black Rock station from 30 Aug to 8 Dec 2017. 

The receiver was a Sensorgnome with beaglebone black processor. Tags associated with this 

project (Project 14) are circles and tags registered to other Motus projects are triangles. Blue 

boxes for each antenna at the top represent days when each 5-element 8-dB antenna, the 10-dB 

omnidirectional were active and reciving information (tags or environmental noise) and when the 

GPS at the station was active indicating that the station was powered on; smaller boxes are days 

when receiver or antennas were not receiving data for the full24 hrs in a day, and no blue box 

indicates the GPS or antennas was not active or receiving data that date. 
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In 2017 at Black Rock, estimates of run length were under 10 min (median = 6.2 min, 25-75th 

percentiles = 3.1 to 7.7 min, N = 7) including for 2 Semipalmated Plovers (SEPL) (1.6 to 6.2 

min), 2 Semipalmated Sandpipers (SESA) (7.8 to 8.2 min), 1 White-rumped Sandpiper (WRSA) 

(3.1 min) and one Tree Swallow (TRES)(6.7 min) (Figure 1.24). The total number of detections 

per run ranged from 12 ï 102 detections (average = 48.4, SD = 36.8), with an average of 8.9 

detections per min (SD = 4.9). 
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Figure 1.24. Run length (min) that tagged birds that were continuously tracked at Black Rock 

station in 2017.  

 

1.3.2 Black 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 (Figure 1.25).  Peak detections occurred from 13 ï 24 July, which 

was when most Common and Roseate terns were detected.  

In 2018, with three 5-element 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) 

detected on the antenna facing 166° (Table 1.5). A total of seven 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; 8 from Great Gull Is, 

NY), and 2 Red Knots, 1 Sanderling, 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 (788 detections 12 tags) tended to have fewer 

detections than the antenna facing 166° (2,754 detections of 29 tags). 

 

 
 

Figure 1.25. Chronology of tags detected at Black Rock station from 20 Jun to 22 Aug 

2018.  The receiver was a Sensorgnome with a raspberry pi processor. Tags 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 station was active and when each antenna 

was detecting either tag bursts or noise in the environment; smaller boxes are days when receiver 

detecting any data for the full 24 hrs of a day, and no box indicates the receiver was not active (if 

the GPS) or was not detecting any data (if an antenna) on a given date. 
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Table 1.5. Total number of detections on each of the 5-element 8-dB Yagi antennas or a 10- 

omnidirectional antenna at the Black Rock station in 2018.   

 Antenna Bearing  

Species ï Tag ID  

(capture location) 354° 234° 114° Omni 

Grand 

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 (Great 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 

170 Trustom 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 
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Species ï Tag ID 354° 234° 114° Omni 

Grand 

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 individuals, regardless of species, detected at Black Rock averaged 13.0 min 

(median = 6.9 min, 25%-75% = 2.8 ï 16.4 min) (Figure 1.26). Common Terns (COTE) and 

Roseate Terns (ROST) tended to be detected by the Black Rock station in 2018 for similar 

lengths of time (median (25-75th percentiles) = COTE: 5.8 min (3.1 ï 16.7 min); ROST: 6.4 min 

(1.4 ï 8.3 min), which was not different from the length of detections for Piping Plovers (PIPL): 

4.4 min (2.4 ï 33.1 min) (Kruskal-Wallis H = 0.30 P = 0.861)(Figure 1.26).  Sanderlings 

(SAND) (median = 14.2 min), Semipalmated Plover (7.0 min) and Semipalmated Sandpipers 

(SESA) (20.1 min) were all detected for relatively long run lengths.  For the three focal species 

we tagged, the median (range) of detections per run was similar: COTE: 60 (13-137 detection per 

flight segment), PIPL: 30 (17-264), and ROST; 28 (6-60), where we defined a flight segment as 

continuous detections with no detections over 10 min apart (only 2 of 46 flight segments were on 

the same day).   
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Figure 1.26. Run length (min) for 7 species of tagged birds that were detected from the Black 

Rock station in 2018. 

 

1.3.3 Black Rock station: 2019 
 

The Black Rock station was operational from 9 Jun to 1 Sep in 2019, although there were no 

detections after 10 Aug 2019 (Figure 1.27).  There were no days when the station was inactive, 

although there might have been some power issues between 11-17 June based on GPS data 

(Figure 1.27).  There was a total of 40 unique tags, of which 33 were Common Terns (2,507 total 

detections). We also detected 3 Piping Plovers (29 detections), in addition to 3 Red Knots (49 

detections) and 1 Semipalmated Plover (4 detections). Most Common Terns were detected from 

24 Jun to 29 Jul. 
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Figure 1.27. Chronology of tags detected at Black Rock station from 16 Jun to 1 Sep 2019. The 

receiver was a Lotek SRX800 receiver. Tags 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 station was active and when each 5-element 8-dB antenna or a 10 dB 

omnidirectional antenna was detecting either tag bursts or noise in the environment; smaller 

boxes are days when receiver detecting any data for the full 24 hrs of a day, and no box indicates 

the receiver was not active (if the GPS) or was not detecting any data (if an antenna) on a given 

date. 

In 2019, there was considerable variation among 5-element Yagi antennas in the total number of 

unique tag detections, with antenna facing SW (234°) having 81% of the 2,589 detections at this 

station, while the antenna facing SE (114°) with 14.6% and NW (336°) had only 3.7% for all 

detections; the omnidirectional antenna had only 0.5% of total detections (Table 1.6).  
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Table 1.6.  Total number of detections on each of the three 5-element 8-dB Yagi antennas and 

one 10-dB omnidirectional antenna at the Black Rock station in 2019. All Common Terns were 

tagged by us on Great Gull Island, and Piping Plovers in coastal Rhode Island.  

 Antenna Bearing   

Species- tag 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 
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Species- tag 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, a total of 40 unique tags from 4 species that were detected at Black Rock station (Table 

1.6).  We detected a high percentage, 33 of 40 (82.5%) of the Common Terns we tagged on 

Great Gull Island, NY for this project, which is ~45 km west of Block Island.  We also detected 

3 of 18 Piping Plovers we 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. We 

detected 2 species from other projects, 3 Red Knots and 1 Semipalmated Plover. 
 

In 2019, there were 115 runs for 4 species (median = 7.1 min sec; 25-75th percentiles 3.5 to 13.0 

min) (Figure 1.28).  For Common Terns, we had 106 runs for 33 individual tagged birds (median 

= 7.2 min (range 3.5 to 12.8 min).  For Piping Plovers, we had 4 runs from 3 different tagged 

birds (range 1.4 to 15.9 min), 4 runs of 3 tagged Red Knots (range 6.0 ï 23.6 min), and 1 

Semipalmated Plover (4.0 min). 
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Figure 1.28. Run length (min) of tagged birds were detected at Black Rock station in 2019. 
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1.3.4 Southeast Lighthouse ï 2017 
 

The Southeast Lighthouse station was operational from 10 May to 20 Oct in 2017 and part of a 

previously funded BOEM study stations (Loring et al. 2019; Figure 1.29).  We provide a 

summary of detections from this tower, as it was 12 m tall and had 9-element 11-dB Yagi 

antennas, rather than shorter (3 m or 6 m tall tower) used in 2018 and 2019 for this study. There 

was a total of 70 unique tags, with 2,957 detections (Table 1.7) of which 16 were Common Terns 

(1,822 total detections). We also detected 10 Piping Plovers (125 detections), 2 Roseate Terns 

(88 detections), 6 species of shorebirds tagged by other researchers (Least Sandpiper, Red Knot, 

Sanderling, Semipalmated Plover, Semipalmated Sandpiper, and White-rumped Sandpiper) and 

four species of passerines from other research projects (Gray-cheeked Thrush, Nelsonôs Sparrow, 

Saltmarsh Sparrow, and Tree Swallow) (Table 1.7). 

 

In 2017 at Southeast Lighthouse which had antennas on a 12-m tall tower, the antennas facing N 

(bearing = 0°), NE (60°), and SW (240°) had the greatest detection rates (31, 29, and 33 

individual tags, respectively; 510, 648, and 945 total detections, respectively). In contrast, the 

antennas facing S (180°) and NW (240°) had much lower detection rates (8 and 12 individual 

tags, respectively; 141 and 96 detections, respectively) (Table 1.7). 

 

Median run lengths, regardless of species, for detections at Southeast Lighthouse in 2017 were 

8.6 min (25th% to 75th% = 3.3 ï 19.0 min; N = 137).  The three focal species had similar run 

lengths: Common Terns (median = 10.3 min; 3.4 ï 22.2 min; max = 110 min), Roseate Terns 

(10.6 min; 4.0 ï 18.9 min), and Piping Plovers (6.0 min; 4.0 ï 9.3 min)(Figure 1.30)(Kruskal-

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, Red Knot = 9.4 min, Semipalmated 

Plover = 12.2 min, Semipalmated Sandpiper = 6.6 min, White-rumped Sandpiper = 2.6 min) 

(Figure 1.31), whereas passerines tended to be detected for slightly shorter runs (Saltmarsh 

Sparrow = 8.6 min, Tree Swallow = 5.5 min, Gray-cheeked Thrush = 8.7 min)(Figure 1.32). 
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Figure 1.29. Chronology of tags detected at the Southeast Lighthouse station from 10 May to 20 Oct 2017 

with a Lotek SRX800 receiver. Tags associated with this project (Project 14) are circles and tags 

registered to other Motus projects are triangles. Boxes at the top represent days when the GPS at the 

station was active (orange boxes) and when each 5-element 8-dB antenna or a 10 dB omnidirectional 

antenna (purple or green boxes) were detecting either tag bursts or noise in the environment; smaller 

boxes are days when receiver detecting any data for the full 24 hrs of a day, and no box indicates the 

receiver was not active (if the GPS) or was not detecting any data (if an antenna) on a given date.  
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Table 1.7.  Total number of detections on each of the six 9-element 11-dB Yagi antennas at 

Southeast Lighthouse in 2017.   

 Antenna Bearings  

Species ï 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 

Species ï 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 

Species ï 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 

 

SE Lighthouse - 2017 - Focal Species

Common Tern Roseate Tern Piping Plover

R
u
n
 L

e
n
g
th

 -
 M

in
u
te

s

0

20

40

60

80

100

120

 
Figure 1.30. Run length of detections (minutes) for focal species tracked by the Southeast 

Lighthouse station in 2017, which was a Lotek receiver and a 40ô tall tower with 6 9-element 

Yagi antennas. A run was defined as continuous, sequential detections <10 min apart. 
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SE Lighthouse - 2017 - Shorebirds
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Figure 1.31. Run length of detections (minutes) of shorebirds from other projects tracked by the 

Southeast Lighthouse station in 2017, which was a Lotek receiver and a 40ô tall tower with 6 9-

element Yagi antennas. 
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Figure 1.32. Run length of detections (minutes) of songbirds tracked by the Southeast 

Lighthouse station in 2017, which was a Lotek receiver and a 40ô tall tower with 6 9-element 

Yagi antennas.  
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1.3.5 Southeast Lighthouse: 2018 
 

A Sensorgnome receiver with a raspberry pi processor was active at Southeast Lighthouse station 

from 14 Jul to 17 Aug 2018 (Figure 1.33). We initially attempted to start the receiver on 20 Jun, 

but hardware issues delayed the start date until 14 Jul. However, there were major problems with 

the receiver this field season starting the end of July, when the receiver was only occasionally 

active.  There were only 6 tags that were detected this field season, 4 Common Terns and 2 

Roseate Terns. On 15 Aug, attempt to reboot and repower the system were only successful for ~1 

day, and we also had major issues downloading data off the raspberry pi system, which was a 

common problem for Motus users with this Sensorgnome system 

 

Tags were only detected on the 5-element 8-dB antenna with a south bearing (166°), as there 

were no detections of any tags from the omnidirectional antenna (Table 1.8).  There was a total 

of 315 detections from 6 different tags from 14 July to 17 Aug 2018. This station only had two 

antennas this field season. In 2018, there were only two species detected at Southeast 

Lighthouse, 2 unique Roseate Terns (53 total detections) and 4 Common Terns (262 total 

detections), which were both detected on the 5-element Yagi 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 Island, CT.  Interestingly, the Roseate Tern from Falkner 

Island was detected on three different days between 15 July to 25 July. 

 

Table 1.8. Total number of detections on a 5-element 8-dB Yagi antenna at Southeast Lighthouse 

from 14 Jul to 17 Aug 2018. The 10-dB omnidirectional antenna in 2018 had no detections.  

 

Species ï 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 



52  

 
Figure 1.33. Chronology of tags detected at Southeast Lighthouse from 14 Jul to 17 Aug 2018. 

The Sensorgnome receiver had a beaglebone black processor. Tags associated with this project 

(Project 14) are circles and other Motus projects are triangles. Boxes at the top represent days 

when the station GPS (brown boxes) 5-element 8-dB antenna or 10 dB omnidirectional antenna 

(purple boxes) were detecting either tag bursts or noise in the environment; smaller boxes are 

days when receiver detected any data for the full  24 hrs of a day, and no box indicates the 

receiver was not active (if the GPS) or was not detecting any data (if an antenna) on a given date. 

Due to few detections at Southeast Lighthouse in 2018, there were few runs (9 total) (Figure 

1.34).  For Common Terns, median run length = 2.2 min (range 1.6 ï 8.8 min, N = 7), while runs 

were shorter for Roseate Terns (range = 2.4 ï 2.6 min, N = 2) (Figure 1.34). 
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Figure 1.34. Run length (min) of birds tracked by the Southeast Lighthouse station in 2018, 

which was a Sensorgnome receiver and a 20ô tall tower with 3 5-element Yagi antennas.  

 

 

 

1.3.6 Southeast Lighthouse: 2019 
 

Due to the poor performance of the Sensorgnome receiver in 2018, we switched to a Lotek 

receiver in 2019 which was active at Southeast Lighthouse station from 3 Jun to 30 Dec 2019 

(Figure 1.35).  We had detections from 29 June to 29 October 2019. There was a one-month 

period when the receiver was inactive (31.5% of days station was deployed) and there appeared 

to be power issues at this station throughout 2019, as indicated by gaps in GPS fixes (Figure 

1.32).  We detected 21 individual tags from 6 different species. We detected 9 Common Terns, 1 

Piping Plover that we had tagged for this project (Table 1.9). In addition, we detected 1 Red 

Knot, 3 Semipalmated Plovers, 5 Blackpoll Warblers, and 1 Savannah Sparrow from other 

Motus projects.  
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Figure 1.35. Chronology of tags detected at Southeast Lighthouse station from 3 Jun to 30 Dec 

2019. The receiver was a Lotek SRX800. Tags associated with this project (Project 14) are 

circles and tags registered to other Motus projects are triangles. Boxes at the top represent days 

when the GPS at the station was active (brown boxes) and when the 5-element 8-dB antenna or a 

10 dB omnidirectional antenna (purple boxes) were detecting either tag bursts or noise in the 

environment; smaller boxes are days when receiver detecting any data for the full 24 hrs of a 

day, and no box indicates the receiver was not active (if the GPS) or was not detecting any data 

(if an antenna) on a given date. 

 

We had a total of 232 detections of 21 unique tags at Southeast Lighthouse in 2019 (Table 1.9).  

Birds were more likely be detected by the 5-element Yagi antennas facing 98° (ESE (13 tags; 
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48% of 232 detection) or 178° (S)(8 tags; 38%) compared to the Yagi facing 338° (NNW) (5 

tags; 12%).  The 10-dB omnidirectional only detected one Common Tern (1.4% of detections).  

 

In 2019, there were 6 species detected at the Southeast Lighthouse station (Table 1.9)  All 9 of 

the Common Terns we detected were tagged by us at Great Gull Island, NY, which is ~ 47 km 

away; all these tags were also detected by the Black Rock station in 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) and shorebirds (Red Knot and Semipalmated Plover). 

 

Table 1.9. Total number of detections on three 5-element 8-dB Yagi antennas and one 10-dB 

omnidirectional antenna at Southeast Lighthouse station from 3 June to 31 Dec 2019.  

 Antenna Bearing  

Species ï 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 was a total of 23 runs detected at Southeast Lighthouse in 2019, with a median length of 

5.3 min (range = 2.1 ï 22.7 min) (Figure 1.36). Run lengths for Common Terns (median = 4.4 

min; range = 2.1 min to 19. 8 min; N = 12) and Semipalmated Plovers (median = 18.7 min, range 

= 3.6 min ï 22.7 min; N = 3) were variable (Figure 1.36). 
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Figure 1.36. Run length for 6 species of birds detected at Southeast Lighthouse in 2019. 

 

1.3.7 Block Island Wind Farm ï Turbine #1: 2017 

 
Deepwater Wind staff deployed a receiver and 4 antennas on 4 Aug 2017, with the receiver 

remaining on the Turbine until 12 Oct 2017 when the SD card was picked up (Figure 1.37), with 

a total of 93 detections of 2 tags (1 Common Tern and 1 Least Sandpiper)(Table 1.10). There 
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were power issues with the receiver from ~ 20 Aug to Aug 27 for unknown reasons (11% of the 

days the station was active), as the antennas had no evidence of activity although the GPS was 

still active (Figure 1.37).   

 
Figure 1.37. Summary of tagged birds that were detected by the station located on Turbine #1 on 

the Block Island Wind Farm from early Aug to mid-Oct 2017. Boxes at the top represent days 

when the GPS at the station was active (yellow boxes) and when the yagi antennas (orange 

boxes) were detecting either tag bursts or noise in the environment; smaller boxes are days when 

receiver detecting any data for the full 24 hrs of a day, and no box indicates the receiver was not 

active (if the GPS) or was not detecting any data (if an antenna) on a given date. 
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The station was activated after most Piping Plovers had initiated their southward migration and 

most Common or Roseate Terns probably had moved to staging sites (Loring et al. 2019), which 

explains why there were few detections of focal species.  The 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 Least Sandpiper was only detected the antenna facing east (Table 1.10). 

 

 

Table 1.10. Total number of detections on four 5-element Yagi antennas located on Turbine #1 

of the Block Island Wind Farm from early Aug to mid-Oct 2017.  

 

 Antenna Bearing  

Species - tag ID 76° 166° 256° 345° Total 

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 

 

1.3.8 Block Island Wind Farm ï Turbine #1: 2018 
 

 A new Sensorgnome receiver was installed on Turbine #1 on 7 June 2018 and the receiver was 

apparently active for one day, then failed until late July when it was active for another week 

before failing again, the station was not operations for 88% of the days it was deployed (Figure 

1.38; upper panel).  There were no data on the SD card, thus there were no detections to report 

for this station for 2018.  Reasons for the failure of the Sensorgnome to collect data are unclear 

but were probably related to technical issues with the receiver, but we cannot rule out 

interference from other equiptment at the station.  Unfortunately, because we cannot monitor 

data acquisition in the real-time with this receiver (e.g., there is no WIFI or Bluetooth 

connection), we could not determine if there were data acquisition issues until after data were 

downloaded.   

 

1.3.9 Block Island Wind Farm ï Turbine #1: 2019 
 

DWW staff installed a new Lotek receiver on 24 June 2019, and the receiver appeared to collect 

data for ~1 month (Figure 1.38, lower panel), and there were no detections of tagged birds during 

this 1-month period. However, after 25 June the receiver became inactive with no GPS signal or 

antenna activity (72.5% of the days it was deployed. We hoped the Lotek receiver would be 

more reliable than the Sensorgnome that had major data acquisition issues in 2018, but this 

receiver was not capable of remote data acquisition creating logistical challenges for data access. 
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Again unfortunately, there were no detections of tagged birds collected from Turbine #1 in 2019.  

Reasons for the lack of detections remain unclear. 

 

 

 
 

Figure 1.38. Summary of receiver activity patterns on the Block Island Wind Farm turbine #1.  A 

Sensorgnome receiver was used in 2018 (upper panel) and a Lotek receiver in 2019 (lower 

panel). No tagged birds were detected either year.  The yellow/orange lines represent when each 

antenna was active, and the white indicates inactivity.  Days with partial activity are surrounded 

by white rectangles.  Yellow boxes indicate when the GPS at the station was active and receiving 
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power. The orange boxes indicate when each antenna was detecting either unregistered tag bursts 

or noise in the environment; smaller boxes are days when receiver detecting any data for the full 

24 hrs of a day, and no box indicates the receiver was not active (if the GPS) or was not 

detecting any data (if an antenna) on a given date. 

1.3.10 Run lengths 
 

We defined a ñrunò as sequential detections from a receiver that were <10 min (600 sec) apart, 

thus a run could contain detections from multiple antennas on the same receiver, but not 

continuous detections from the different receivers. This differs from the Motus definition of a 

run, ña consecutive series of detections (hits) of a single tag on the same antennasò ( 

https://github.com/MotusWTS/motusServer/blob/master/inst/doc/motus_data_overview.md) that 

we previously used to filter the data (see 1.2.6.1). Overall, when data for all individuals were 

pooled, the average run length was 11.9 min (SE = 0.8 min; median = 6.9 min, 25th-75th 

percentiles ï 3.2 ï 14.3 min, range = 0.4 to 110.5 min; N = 335 runs; Figure 1.39).  We pooled 

data from both stations on Block Island from 2017-2019 to investigate differences in run length 

among species.  Somewhat surprisingly, we did not detect statistically significant differences in 

run length among species groups (Kruskal Wallis: H = 3.9, P = 0.41). Median (25th%-75th%) run 

lengths were similar among species (e.g., Common Tern: 7.4 min (3.3-15.9); Roseate Tern: 5.9 

min (2.1-12.6); Piping Plover: 4.8 min (3.5-8.7), Shorebirds: 7.1 min (2.9-18.6); and Passerines; 

6.5 min (4.9-8.6)) (Figure 1.40). Two Common Terns tracked for >100 min were outliers. 
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Figure 1.39.  Summary of run lengths (min) for all individuals tracked by automated telemetry 

stations on Block Island, Rhode Island from 2017-2019. 

https://urldefense.proofpoint.com/v2/url?u=https-3A__github.com_MotusWTS_motusServer_blob_master_inst_doc_motus-5Fdata-5Foverview.md&d=DwMFaQ&c=dWz0sRZOjEnYSN4E4J0dug&r=BZd2LUcMRZNWAWtE_rwk-g&m=QsMn8tb_edMareE7Wc7-cgZsMdVH-jgEAQ8D-9AaoZU&s=oF7vj9NguG8LU9VMWIz9ttgmJdKfkyJkyEx7yEvKTWk&e=


61  

All Stations - 2017 to 2019 pooled

Common Tern

Roseate Tern

Piping Plover

Shorebird
s

Passerin
es

R
u
n
 L

e
n
g
th

 (
m

in
)

0

20

40

60

80

100

120

140

 
Figure 1.40. Run length for species based on a data pooled from all towers on Block Island from 

2017-2019. 

 

We compared two detection metrics (run length and total number of detections per run) for 

tagged birds detected by the 12 m tall station at Southeast Lighthouse (SELI) in 2017 to the other 

stations that we operated on Block Island from 2017-2019 that were either 6 m tall or 3 m tall.  

These shorter (Ò6 m tall stations) also typically had 5-element 8-dB Yagi antennas rather than 

the 9-element 11-dB Yagi antenna that was located on Southeast Lighthouse in 2017, with the 

one exception was Black Rock in 2018 which also had 3 9-element Yagi antennas. We compared 

the run length for different stations each year, as we expected that Southeast Lighthouse in 2017 

with a 12-m tall tower could detect tags for longer runs than shorter stations (Figure 1.41).  

However, there was no difference among stations when comparing run lengths among stations 

(H = 9.4, P = 0.09).  We detected a significant difference in the run length of terns (Common and 

Roseate terns), which were tracked for 22.6 min (7.4 to 48.9 min; median, 25-75 percentiles) by 

SELI in 2017 compared to 6.9 min (2.4 to 12.6 min) by all other stations (Mann-Whitney U = 

1637, P < 0.001). There was no difference between shorebirds tracked at Southeast Lighthouse in 

2017 (10.9 min (2.9 ï 25.7 min)) compared to other stations (7.4 min (4.2 min ï 20.1 min) 

(Mann-Whitney U ï 361.0, P = 0.55), Piping Plovers (Southeast Lighthouse in 2017 = 6.0 min 

(3.5 ï 9.1 min)) compared to other stations (4.6 min (3.7 to 13.4 min)) (Mann-Whitney U = 44, P 

= 0.79), or songbirds (Southeast Lighthouse in 2017  = 5.5 min (2.1 = 22.9 min)) compared to 

other stations (6.5 min (4.7 to 6.9 min))(Mann-Whitney U = 12, P = 1.0). 
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Figure 1.41.  Differences in run length (min) among tracking stations on Block Island from 2017 

to 2019.  Southeast Lighthouse in 2017 had antennas constructed on a 12-m tall tower, whereas 

all other station had 3 m or 6 m tall towers (Table 1.3).  There was no statistically significant 

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 detections. The variation in signal strength throughout the run can help determine the 

probable behavior of the bird.  We provide some examples to highlight differences 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 (Fig. 1.42). This individual was being tracked by 

a Sensorgnome receiver, and there was considerable variation in signal strength (-75 dB to ï42 

dB suggesting this bird was foraging off the nearshore southern coast of Block Island.  Two 

other terns, a Roseate and Common tern, show similar movement patterns (Figure 1.43).  In 

contrast, the runs of two shorebirds, a Sanderling and a Piping Plover, exhibit much less 

variation in signal strength between contiguous detections (Figure 1.44) suggesting a steady, 

directed flight.  Presumably these birds were migrating in relatively straight direction and 

variation in signal strength reflects the angle of the direction of arrival of the signals from their 

transmitters. 
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Figure 1.42.  Example run of a Common Tern detected by the Black Rock Station on 18 July 

2018.  This tagged tern was detected by 3 5-element 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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Figure 1.43.  Example runs for four tagged birds flying past Block Island based on variation in 

signal strength.  Shown are runs for a Roseate Tern (ROTE; upper panel), Common Tern 

(COTE), Sanderling (SAND) and Piping Plover (PIPL; bottom panel).   

1.3.11 Comparing Sensorgnome vs Lotek receivers   

We also compared the run length between sequential detections of individually tagged birds at 

stations on Block Island from 2017-2019 (Figure 1.44).  Sensorgnome receivers are designed to 

gather incoming signals simultaneously from all antennas attached to the receiver, whereas Lotek 

receivers are set to scan sequentially among antennas (6.5 seconds of dwell time), thus with three 

antennas attached to a Lotek receiver it takes ~20 seconds for the receiver to complete a rotation 

among all three antennas.  These differences in the ability of these receiver models are reflected 

in length of sequential detections, with Sensorgnome receivers reflecting the burst interval of 

nanotags (5 sec (4 ï 6 sec; median (25th ï 75th percentiles), whereas Lotek receivers reflected the 

rotation interval among antennas (29 sec (21 ï 41 sec) (Figures 1.45 and 1.46). This difference in 

length of sequential detections was significant between Lotek and Sensorgnome receivers 

(Mann-Whitney U-test = 4441093, P < 0.001). 
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Figure 1.44.  Time between sequential detections at two tracking stations on Block Island in 

2017-2019.  Lotek receivers monitor only one antenna at a time, while Sensorgnome can monitor 

all antennas simultaneously.  
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Figure 1.45. Time between sequential detections (sec) for Sensorgnome (N = 5,721) and Lotek 

receivers (N = 5,860) monitored at stations on Block Island from 2017- 2019. 

One approach to assess differences between Lotek and Sensorgnome receivers is to compare the 

relationship between run length and the total number of detections per run.  When a Lotek 

receiver is used at a station, there are a mean of 1.96 detections per min (SE = 0.05, range 0.44 ï 

7.5 per min, N = 269 runs) compared to a Sensorgnome with a mean of 7.98 detections per min 

(SE = 0.48, range = 2.1 ï 22.1 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 detections per run, with a median of 12.0 

(6 ï 24 detections) for Lotek receivers compared to a median of 37.5 detections per run (25th-75th 

percentiles = 18.7 ï 96 detections) for Sensorgnome receivers (Figure 1.47). 
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Figure 1.46. Differences between Lotek and Sensorgnome receivers in the relationship between 

run length and total number of detections within a run. 
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Figure 1.3. Differences between receivers in the total number of detections within a run for 

Sensorgnome compared to Lotek receivers.  Note y-axis is in a log10 scale.  This difference was 

significant (P<0.001). 

 

1.3.12 Receiver Signal Strength 
 

Another distinction between Sensorgnome and Lotek receivers were differences in estimated 

signal strength.  Lotek receivers display values ranging from 1-255, whereas Sensorgnome 

values range from -104 dB to -40 dB.  Only the Lotek receiver located at Southeast Lighthouse 

in 2017 detected signal strength values that covered the entire spectrum of potential values (mean 

= 95, SD = 55; median = 80, 25th% - 75% = 52-130; range = 16-255; Figure 1.48).  In contrast, 

Sensorgnome receivers generally detected a much narrow range of values (e.g., Black Rock in 

2017 and 2018, Southeast Lighthouse in 2018) or Lotek receivers in 2019 (Figure 1.48).  

Reasons for these differences in signal strength remain unclear.   
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Figure 1.48.  Variation among stations among years in signal strength between Lotek and 

Sensorgnome receivers.  Stations had either 5-element or 9-element Yagi antenna and a 

Sensorgnome or Lotek receiver. Signal strength is shown on the Lotek receiver (1-250 scale), 

which for Sensorgnome receivers was based on a conversion (see Methods). 
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1.4.1 Regional movements of terns and plovers 
 

A major strength of having access to the Motus network is the ability to track regional 

movements of our focal species.  Thanks to the hard efforts of Pam Loring, there was an 

extensive network of towers in southern New England (project 14 stations). The number of 

active automated radio telemetry stations in the Motus Network (Taylor et al. 2017) varied 

annually, as various investigators initiated new stations and decommissioned stations (Figures 

1.49, 1.50, 1.51).  Obviously, this had a major impact on where our focal birds could be detected 

annually. The network of stations was thorough from Cape Cod to North Carolina (Figure 1.46).  

In 2018, new stations were added in coastal South America to begin to assess long-distance 

continental-scale movements (Figures 1.50 and 1.51; Table 1.2). 

 
Figure 1.49.  Locations of active automated radio telemetry stations active during 2017 along the 

Atlantic Coast that detected at least one nanotag from Project 14 



70  

 
Figure 1.50.  Locations of active automated radio telemetry stations active during 2018 along the 

Atlantic Coast that detected at least one nanotag from Project 14. 
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Figure 1.51.  Locations of active automated radio telemetry stations active during 2019 along the 

Atlantic Coast that detected at least one nanotag from Project 14. 

1.4.1.1 Common Tern regional movements 

 

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 dependent on the locations of stations and detection radii of 

each automated telemetry station given the limitations of the small VHF transmitters. From 

2017-2019, the network recorded 1,646,506 detections of Common Terns we tagged, with 78% 

of total detections recorded at the station at Great Gull Island where we tagged most of the 

Common Terns we monitored (Table 1.11).  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 Great Gull, we were able to assess the chronology of movements 

around the region (e.g., Figure 1.52 and 1.53).  

 

We did occasionally detect Common Terns at Motus stations south of Rhode Island, but it was 

unusual (Table 1.11), presumably because most Common Terns tend to migrate farther offshore 

when migrating to non-breeding grounds in South America. An exciting finding was 

documenting detections of Common Terns in coastal South America, with detections of one 

individual in 2018 and three individuals at a station at Awala-Yalimapo, French Guiana 
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(AWYA) in late Aug 2019, and one of those same birds being detected at Icapuí, Brazil (TICO) 

in mid-September 2019.  These areas were also identified by Nisbet et al. (2011) and Nisbet and 

Mostello (2015) as important stopover sites for Common Terns based on locations of Common 

terns tagged with geolocators. 

 

We were much more likely to document intra-regional movements between breeding colonies in 

Long Island Sound (e.g., Great Gull Island NY or Falkner Island, CT) and stations farther east in 

Rhode Island Sound or Cape Cod and the Islands (Marthaôs Vineyard and Nantucket)(Figures 

1.54, 1.55, 1.56, Table 1.11).  What is striking looking at these examples of movements is how 

much Common Terns readily move between Block Island and Rhode Island Sounds to Cape 

Cod, and then back to Long Island Sound (e.g., ID24 in Fig 1.54, or ID25 in Fig. 1.55), or even 

to the New York City area and back to southern New England (Fig. 1.56).  Interestingly 

occasionally Common Terns would disperse farther north into northern Massachusetts (Parker 

River NWR) or even Rachel Carson NWR, Maine (Figure 1.56).   
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Figure 1.52. Summary of daily detection rates of individual Common Terns tagged on Great Gull 

Island, NY during 2019 field season (n = 40).  We pooled data into 4 areas:  the station on Great 

Gull Island (note: the station at Great Gull ceased on 28 July), stations located throughout Long 

Island and Rhode Island Sounds, stations on Cape Cod and the Islands (Nantucket and Marthaôs 

Vineyard) and south of southern New England (41° latitude).  
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Table 1.11. Cumulative detections (Detect) and number of individual (Ind) Common Terns at 

stations from 2017-2019 (see Fig 1.48 ï 1.50 for station locations). 

  2017 2018 2019 

  

Great Gull 

(N = 30) 

Buzzard's Bay 

(N =29) 

Falkner 

(N = 18) 

Great Gull 

(N = 20) 

Great Gull 

(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 

34.957 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 

38.770 CHDE         39 1 

39.092 AVNJ         15 1 

39.509 RTNJ         13 1 

40.430 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 

41.126 BIWF 88 1         
41.153 SELI  1701 13 121 3 156 2 106 2 127 9 

41.153 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   
41.609 MNYN 4 1 37 6   13  2028 21 

41.681 WING   59 2   236 1   
42.066 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 had >1.3 million detections of 82 Common Terns at Great Gull, we were able to 

begin to assess inter-annual variation in post-breeding departure of adults from their breeding 

colonies (Figure 1.52).  It appears that the timing of adult emigration from Great Gull was 

similar in 2017 and 2019, while in 2018 there was somewhat 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. 
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Figure 1.53. Seasonal variation in daily detection rates (% of tagged population detected) of 

Common Terns at Great Gull Island, NY from 2017-2019 and Falkner Island, CT in 2018.  The 

receiver failed occasionally in July on Falkner and July 28, 2019 on Great Gull. 

 

 

 

We were able to quantify the regional movements of Common Terns breeding on Great Gull 

Island in 2017 (Fig. 1.54), 2018 (Fig. 1.56) and 2019 (Fig. 1.58). It was evident that Common 

Terns breeding at Great Gull regularly visited other areas in Long Island Sound throughout July 

and Aug, with some local movements documented into September in 2018 (Fig. 1.56). Common 

Terns from Great Gull often ventured to coastal Rhode Island throughout the breeding season in 
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2018 and 2019.  Individuals typically started to disperse farther from the Great Gull colony to 

Cape Cod and the islands in mid-August.  

 

 

 

Figure 1.4. Distance traveled north (nautical miles, orange squares), south (nautical miles, blue 

circles) or on GGIS (purple triangles) by Common Terns tagged on Great Gull Island, NY 

(purple dotted line) in 2017. Data are presented as mean ± standard deviation. Representative 

locations for a given distance from the breeding colony are to the right for context. 

The chronology of movements of Common Terns breeding in Buzzardôs Bay, MA in 2017 

(Figure 1.55) appeared like Common Terns nesting in Long Island Sound. There were no 

automated telemetry stations adjacent to nesting colonies at Bird, Ram, or Penikese Islands, so 

information of local movements at breeding colonies was limited.  However, birds breeding at 

Buzzardôs Bay colonies were much more likely to be detected at stations in Nantucket Sound and 
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Cape Cod and the islands (Marthaôs Vineyard and Nantucket) than terns nesting on Great Gull 

Island. Common Terns from Buzzardôs Bay were regularly detected at stations on Cape Cod 

from mid-July through early-September, with some individuals detected until 1 October.  Terns 

breeding at Buzzardôs Bay colonies occasionally were detected in Long Island Sound from mid-

July to early September, and a few individuals were detected in coastal regions from Delaware 

and farther south from late July to mid-September. 

 

 

Figure 1.55. Distance traveled north (nautical miles, orange squares) or south (nautical miles, 

purple triangles) by Common Terns tagged at colonies in Buzzardôs Bay, Massachusetts (blue 

dotted line) in 2017. Data are presented as mean ± standard deviation. Representative locations 

for a given distance from the breeding colony are to the right for context.  
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Figure 1.56. Distance traveled north (nautical miles, orange squares), south (nautical miles, blue 

circles) or on GGIS (purple diamonds) by Common Terns tagged on Great Gull Island, NY 

(purple dotted line) in 2018. Data are presented as mean ± standard deviation. 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 2018 (Fig. 1.57).  

Unfortunately, there was a limited number of stations in Long Island Sound to track local 

movements of Common Terns nesting on Falkner besides Great Gull Island and Montauk. Some 

Common Terns nesting on Falkner regularly were detected near Great Gull Island during July 

into mid-August (n = 5, Table 1.11).  In addition, 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 post-breeding dispersal of Common Tern from Falkner to 

Cape Cod in mid-Aug, with 4 different individuals detected at various stations on Cape Cod. 

 

 

Figure 1.57. Distance traveled north (nautical miles, orange squares), south (nautical miles, blue 

circles) or on FALK (green triangles) by Common Terns tagged at Falkner Island, CT (green 

dotted line) in 2018. Data are presented as mean ± standard deviation. Representative locations 

for a given distance from the breeding colony are to the right for context. 
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Figure 1.58. Movement chronology of Common Terns tagged on Great Gull Island, NY (purple 

dotted line) in 2019, with regional movements and international movements (blue triangles). 

Distances traveled north (nautical miles, orange squares), south (nautical miles, blue circles) or 

on GGIS (purple diamonds) are presented as mean ± standard deviation. Representative locations 

for a given distance from the breeding colony are to the right for context.  


















































































































































































































































































