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Agenda

* 10:00-10:10 — introductions
e 10:10-10:15 — overview: project components, goals for study design tool
* 10:15-10:35 — capabilities and limitations of Motus technologies

* 10:35-10:55 — what questions do we want to ask with Motus in the
offshore environment?

e 10:55-11:00 — coffee break
e 11:00-11:55 — study design tool demo and discussion
* 11:55-12:00 — next steps



Overall project goal:

To develop standardized
protocols for using
automated radio
telemetry to monitor bird
and bat movements at
offshore wind energy

areas throughout the U.S.

Atlantic.

Peter Paton, URI




Overall Project Components

Monitoring Framework - tags and study design
Guidance Document — offshore receiving stations
Online Study Design Tool — map detection coverage

Simulation Study — model animal movement data

Motus Data Framework — centralized portal for data
management, coordination, and summary reports



Objectives of Online Study Design Tool

 Develop a free online tool to help optimize site-specific study
designs at offshore wind projects

* I|nput data:
e Birds - flight height, taxa, movement/distribution patterns
 Wind project - area, number & locations of potential receiver

locations (turbines, substations, met tower)

 Antenna data - type, height, gain, frequency

* Qutputs:
 Map of antenna coverage for station
 Optimization for % coverage, % simultaneous detections, etc.
e Study design report — output TBD



Automated Radio Telemetry:

Radio transmitters: "tags" attached to birds and bats,
emit signals on a shared frequency

Receiving stations: antennas and data-logger that
monitors shared frequency and records detections of
"tagged" birds or bats flying by

Motus Wildlife Tracking System: international network of
collaborative automated radio telemetry studies



Motus Wildlife Tracking System 5

e Central hub for detection data and metadata v

* > 900 collaborators across four continents

* > 900 tracking stations
e > 25,000 animals tagged

* >200 species

4 Motus BB ® Locations of Motus

Wildlife Tracking System

stations in 2020




Operating Frequencies

Two different frequencies on Motus Network
166 MHz (original frequency)
e 434 MHz (new frequency)

Previous studies used 166 MHz (2012 — 2019)

 Good detection range (5-15 km) from Yagi (directional) antennas, but need
long antennas (e.g. 11 dB gain = 10 ft antennas)

* High electromagnetic interference in marine environments (boats, etc.)

Currently field testing 434 MHz

 Higher frequency = smaller antennas for same amount of gain
434 MHz Yagi with 11 dB gain = 3.25 ft



Strengths of automated radio telemetry:

Light-weight tags (range: 0.2 to 3 g) - suitable for small-bodied species

Thousands of uniquely identifiable tags shared frequency — large sample
size leveraged by Motus (centralized data hub)

Tags transmit every 5 seconds (high temporal resolution)

Receiving stations continuously monitor presence of tagged animals
within detection range, around the clock, and during all types of weather
conditions

Data from antennas at multiple receiving stations detecting the same
animal at the same time can be used to model coarse estimates of flight
paths and altitude (methods are under development)



Limitations of automated radio telemetry:

Tag detections limited to antenna coverage of receiving stations

Various factors affect antenna coverage: antenna type, gain, number, height,
and configuration; flight height of tagged animals

Antennas do not work very well for detecting birds sitting on water (signal
scatter) - best for tracking flights

Metal or other objects between antennas and surrounding airspace
will reduce or block tag detections

Electromagnetic interference may reduce antenna coverage

Due to site-specific variation in antenna coverage, important to ground truth

antenna coverage of tracking stations using a test tag at various altitudes and
distances from receiving antennas
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Example Applications of Motus Technology With Stations in Project Area

* Presence of focal species (e.g. ESA-listed Piping Plover, Red Knot, Roseate
Tern) within project area (with targeted tagging efforts)

* Inputs to collision risk models (passage rates, day vs. night, weather
conditions) - currently under development

* Opportunistic monitoring of species tagged by Motus network collaborators
that may pass through project area

* Movements of tagged animals between stations in different project areas
throughout the U.S. Atlantic, in coordination with Motus

* Analyses of flight paths and altitude possible with sufficient antenna coverage
(simultaneous detections from multiple stations) and modeling tools -
methods currently under development
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Alternative technologies: Satellite/GPS

Global tracking coverage via satellite

* In example — Common Terns tracked with 2-g
Argos PTT tags, avg 11 locations per day. Spatial
error of locations <250 - >1,500 m

* Spatial and temporal resolution varies with
size of tag (battery)

* Heavier GPS tags (larger-bodied birds) - higher
spatial and temporal resolution

* GPS technology complementary to Motus -
help fill in data gaps

* Larger birds (e.g. gulls, gannets) can be double-
tagged with GPS and Motus tags
* Movement data at multiple scales
* Useful for ground-truthing antenna
coverage of Motus stations
* Field work at Block Is to test on gulls this

spring

Utilization distribution of Common Terns
(n = 4) tracked with satellite transmitters
during fall migration 2017
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Stakeholder Meeting: Study Design
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Goals for offshore automated telemetry studies
1/13/2021




Automated Telemetry

Offshore

e Researchers have begun to use
automated telemetry to
determine occupancy and flight
paths for marine birds

* Telemetry receivers have
mostly been placed on coastal
lands

e As offshore wind buildout
begins, we will have new
option for distributing receivers

Atlantic Qcean

Legend

Migratory routes of Piping Plovers
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What kinds of questions are we interested in
answering offshore?

* Large-scale questions
* Occupancy
* Are individuals present in a study area?

» Key metrics: frequency of study area use, proportion of sampled population using the
study area

* Receiver placement should consider the area that we want to confirm occupancy



What kinds of questions are we interested in
answering offshore?

* Large-scale questions

* Macro-avoidance
* Are animals avoiding the turbine footprint?
» Before/after comparisons are not usually possible

* Receiver placement after construction will be key to detemining if the animal was inside
the study area

* Proximity to the turbine footprint is not likely measurable



What kinds of questions are we interested in
answering offshore?

* These questions rely on more accurate position estimation, which is an
area of ongoing research

* Generally, we should be cautious about assuming that accurate positions can be
estimated with automated telemetry

* To estimate flight paths, we need an accurate estimate of flight height
* Perhaps we can make some reasonable assumptions to get us out of this
identhPiabiIity issue
* Small-scale questions that telemetry could help with
* Flight height estimation
* Space/Habitat-use
* Meso-scale avoidance

* Small-scale questions that telemetry would not be helpful with:
* Micro-avoidance
* Collisions



How effective are offshore receivers for
answering key questions for marine species?

* This likely depends on the:

e Goals of the study

* Are you interested in estimating occupancy in an area or habitat use? These goals
require very different scales of information

* Single antenna v. multi-antennae detections
* Study design
* How many receivers are used and in what spatial configuration?
* Transmitter configuration
e Study species
* How do species move through the environment?
* What height to they typically fly?
* Do they spend a lot of time resting on the water?
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Discussion

* Are there other kinds of questions you are interested in answering
with automated telemetry?

* How effective is automated telemetry in answering these questions
relative to other kinds of methods?

* What other aspects of study design should we consider?
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Objectives of Online Study Design Tool

* Develop a free online tool to help optimize site-specific study designs
at offshore wind projects

* Input data:
* Birds - flight height, taxa, movement/distribution patterns

* Wind project - area, number & locations of potential receiver locations
(turbines, substations, met tower)

* Antenna data - type, height, gain, frequency

* Outputs:
* Map of antenna coverage for station
* Optimization for % coverage, % simultaneous detections, etc.
* Study design report — output TBD



Operating Frequencies

Two different frequencies on Motus Network
166 MHz (original frequency)
e 434 MHz (new frequency)

Previous studies used 166 MHz (2012 — 2019)

 Good detection range (5-15 km) from Yagi (directional) antennas, but need
long antennas (e.g. 11 dB gain = 10 ft antennas)

* High electromagnetic interference in marine environments (boats, etc.)

Currently field testing 434 MHz

 Higher frequency = smaller antennas for same amount of gain
434 MHz Yagi with 11 dB gain = 3.25 ft



Technological limitations of automated radio telemetry:

Tag detections limited to antenna coverage of receiving stations

Various factors affect antenna coverage: antenna type, gain, number, height,
and configuration; flight height of tagged animals

Antennas do not work very well for detecting birds sitting on water (signal
scatter)

Metal or other objects between antennas and surrounding airspace
will reduce or block tag detections

Electromagnetic interference may reduce antenna coverage

Due to site-specific variation in antenna coverage, important to ground truth

antenna coverage of tracking stations using a test tag at various altitudes and
distances from receiving antennas
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Study area data Detection results Study design report
& Design astudy <
Instructions =
@ Upload ast £
1) Upload a study area outline and possible antenna station locations as shapefiles or create a wind farm using parameters in the "Create a wind farm" parameters sidebar option.
‘ Add default study ‘ 2) Select (deselect) locations for proposed MOTUS antenna arrays by either clicking station points on the map or the table. Stations will be added to the selected stations table.
L J 3) Modify default starting antenna angle of proposed (or actual) antenna angles by editing the "Starting antenna angle" column of the Selected Stations table. All other antennas will be assumed to be equally spaced with antenna spacing being
[l . a /.
‘ Remove study ‘ determined by 360°/antenna number.

4) Modify receiving station parameters and detection parameters.
5) Click "Generate Array Button”.

Study Area Map Station data

2) Input parameters

“&? Receivi tion Params <

QD on parameters <

3) Detection array creation

Optimization type:

© None (manual selection)
@ Coverage optimized

@® Density optimized

@ Avoidance optimized

N

Washingpsep, [
b1

= =

Generate array

S

J | Leaflet | Powered by Esn | USGS, NOAA

Selected stations
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1) Study area and array

# Design a study

Latitude (deg) of center

4

I°

Longitude (deg) of center

-69.7

Width (Km)

‘ Add default study ‘

‘ Remove study ‘

2) Input parameters

&) Receiv tation Para

Study area data Detection results Study design report

Instructions -

1) Upload a study area outline and possible antenna station locations as shapefiles or create a wind farm using parameters in the "Create a wind farm" parameters sidebar option.
2) Select (deselect) locations for proposed MOTUS antenna arrays by either clicking station points on the map or the table. Stations will be added to the selected stations table.
3) Modify default starting antenna angle of proposed (or actual) antenna angles by editing the "Starting antenna angle” column of the Selected Stations table. All other antennas will be assumed to be equally spaced with antenna spacing being
determined by 360°/antenna number.
4) Modify receiving station parameters and detection parameters.
< 5) Click "Generate Array Button".

ID Latitude Longitude
< + | &z
¥
- 34 34 41.96675 -69.78113
35 35 41.96675 -69.76316
52 36 36 41.96675 -69.74520
£5EEr L LSy
4 PP g 213
FEXEX X 55 ¥ 37 37 41.96675 -69.72723
EEEEEEE SNy
FHEHEFFFrHrHiy
38 38 41.96675 -69.70927
-
( 39 39 41.96675 -69.69130
Cod Bay L
< 40 40 41.96675 -69.67333
41 41 41.96675 -69.65537
42 42 41.96675 -69.63740
Leaflet | Powered by Esri | USGS, NOAA 43 43 41.96675 -69.61943
<
49 49 41.98011 -69.78113
< Selected stations
50 50 41.98011 -69.76316
ID  Latitude Longitude First antenna angle 51 51 41.98011 _69.74520
M ) 5 41 98011 A9 72723 T
Showing 1 to 50 of 50 entries
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Automated Telemetry Study Design Tool

1) Study area and array
& D a study
@ upload a study

Upload a study area outline.
Choose shapefile

Browse... = Tfiles

Upload complete

Upload possible antenna
station locations. Choose
shapefile

Browse... 7 files

Upload complete

‘ Add default study ‘

‘ Remove study ‘

2) Input parameters

UAT R Station P:

3) Detection array creation

Optimization type:

© None (manual selection)
@ Coverage optimized

® Density optimized

@ Avoidance optimized

Generate array

Study area data Detection results Study design report

v0.53 - Ground Sloth
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Instructions

1) Upload a study area outline and possible antenna station locations as shapefiles or create a wind farm using parameters in the "Create a wind farm" parameters sidebar option.
2) Select (deselect) locations for proposed MOTUS antenna arrays by either clicking station points on the map or the table. Stations will be added to the selected stations table.

3) Modify default starting antenna angle of proposed (or actual) antenna angles by editing the "Starting antenna angle” column of the Selected Stations table. All other antennas will be assumed to be equally spaced with antenna spacing being
determined by 360°/antenna number.

4) Modify receiving station parameters and detection parameters.
5) Click "Generate Array Button".
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T . Leaflet | Powered by Esfi | USGS, NOAA

Selected stations

ID  Latitude Longitude First antenna angle

Station data

1D Latitude Longitude
1 1 41.65534 -69.77275
2 2 41.66105 -69.67377
3 g 41.58301 -69.76514
4 4 41.58491 -69.67187
5 5 41.58681 -69.58621
6 6 41.58681 -69.50816
7 7 41.52209 -69.49674
8 8 41.51638 -69.57288
o £) 41.51067 -69.65854
10 10 41.51067 -69.76324
11 11 41.43262 -69.76133
12 12 41.44214 -69.66615
13 13 41.44976 -69.56507
14 14 A1 44976 G0 AG8R4 T
Showing 1 to 22 of 22 entries
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Automated Telemetry Study Design Tool

1) Study area and array
& Design a study <
@ Uploada <
Add default study
Remove study

) Input parameters

A Rece tation Para <

3) Detection array creation

Optimization type:

© None (manual selection)
® Coverage optimized

@ Density optimized

@ Avoidance optimized

Generate array

Study area data Detection results Study design report

v0.53 - Ground Sloth
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Instructions

1) Upload a study area outline and possible antenna station locations as shapefiles or create a wind farm using parameters in the "Create a wind farm" parameters sidebar option.
2) Select (deselect) locations for proposed MOTUS antenna arrays by either clicking station points on the map or the table. Stations will be added to the selected stations table.
3) Modify default starting antenna angle of proposed (or actual) antenna angles by editing the "Starting antenna angle” column of the Selected Stations table. All other antennas will be assumed to be equally spaced with antenna spacing being

determined by 360°/antenna number.
4) Modify receiving station parameters and detection parameters.
5) Click "Generate Array Button".
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Selected stations

ID  Latitude Longitude First antenna angle

Station data

1D Latitude Longitude
34 34 41.47057 -70.33809
35 35 41.47057 -70.32012
36 36 41.47057 -70.30215
a7 37 41.47057 -70.28419
38 38 41.47057 -70.26622
39 39 41.47057 -70.24826
40 40 41.47057 -70.23029
41 41 41.47057 -70.21232
42 42 41.47057 -70.19436
43 43 41.47057 -70.17639
49 49 41.48403 -70.33809
50 50 41.48403 -70.32012
51 Hill 41.48403 -70.30215
52 5 A1 ABAQ 7028419 7
Showing 1 to 50 of 50 entries




Input parameters

) Input parameters

"A? Receiving Station Params v

Num. antenna's per stn

Antenna height (m)

Receiver frequency

166 MHZ

Antenna type

5-element-yagi

Antenna lambda

Antenna DO

Antenna PO

i

0.00000000004&9

Receiver sensitivity
(dbm)

-73.1062669861497

& Detection parameters

) Detection array creation

Optimization type:

© None (manual selection)
® Coverage optimized

® Density optimized

® Avoidance optimized

Detection polygon color

‘ Generate array
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1) Study area and array

Study area data Detection results Study design report
& Design a study <
Instructions -
@ Upload a st <
1) Upload a study area outline and possible antenna station locations as shapefiles or create a wind farm using parameters in the "Create a wind farm" parameters sidebar option.
" Add default study ‘ 2) Select (deselect) locations for proposed MOTUS antenna arrays by either clicking station points on the map or the table. Stations will be added to the selected stations table.
3) Modify default starting antenna angle of proposed (or actual) antenna angles by editing the "Starting antenna angle” column of the Selected Stations table. All other antennas will be assumed to be equally spaced with antenna spacing being -
e —— . of
‘ Ty ‘ determlmed b){ ?:60 ,amfenna number. .
{ ) 4) Modify receiving station parameters and detection parameters.
5) Click "Generate Array Button".
2) Input parameters
dy Area Map Station data
A" Receiving Station Params <
— y
. J D Latitude Longitude
& Detection parameters < + ' X7
—_ 43 43 41.47057 7017639 °©
31
) ) 45 49 41.48403 -70.33809
3) Detection array creation 5 - - 5 5
| 50 50 41.48403 -70.32012
Optimization type: |
© None (manual selection) % % % s 1% - * 51 51 41.48403 -70.30215
® Coverage optimized [ 52 52 41.48403 -70.28419
@ Density optimized Horseshoe Shoal® w & w7 n o7 *
® Avoidance optimized 9 9 53 53 41.4p403 7026622
i v 3 % & 54 54 41.48403 -70.24826
Generate array
% 5 I’ " 5 o o 55 55 41.48403 -70.23029
56 56 41.48403 -70.21232
Leaflet | Powered by Esfi | USGS, NOAA = 2 LA TUHERERE
58 58 41.48403 -70.17639
Selected stations 64 64 41.49749 70.33809
ID | Latitude Longitude First antenna angle 65 65 41.49749 -70.32012
66 66 41.49749 -70.30215 -~
50 50 | 41.48400 | -70.32010 45.0 | . : X
58 58| 41.48400 | -70.17640 270.0 Showing 1to 50 of 50 entries
96 96 41.52440 -70.30220 120.0
102 102 41.52440 -70.19440 30.0
I %

Computing data completed 185 m step &
of & flight heights, at: 2021-01-13 07:48:33,

elapsed time: 0.1 minutes
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1) Study area and array

Study area data Detection results Study design report
& Design a study <
Receiver Detection Map Tag detection range plot by flight height
@ Upload astu <
20000 1.00
‘ Add default st ‘
‘ Remove study ‘
15000 0.75

2) Input parameters

A Receiving Station Params € 10000

doud aBeJanos eale Apnig

& Detection parameters <

Max est. detection range (m)

5000 025

—*— study area covered

—8— max detection dist

3) Detection array creation

/ /

Optimization : / - 0 0.00
d S \ [ Vi Gr eqt
© None (manual selection) e P | 7 50 100 150
.. A - = Flight height (m

() @rar e /7 Leaflet | Powered by Esn | USGS, NOAA il ight (m)

@ Density optimized

® Avoidance optimized Station antenna angles Tag detection data

Generate array K . X . .,
station theta Flight height (m) Max detection range (m) Study area covg. Antenna coverage overlap Min. covg. flag
1 50 45
2 50 135 2 35 9,116 1.00 0.41 1
3 50 225
4 50 315
5] 58 0
6 58 90
7 58 180
8 58 270
9 96 30 I
Computing data completed 185 m step &
10 96 120 of & flight heights, at: 2021-01-13 07:48:33,
elapsed time: 0.1 minutes

11 96 210 -
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1) Study area and array

Study area data Detection results Study design report
& Design a study <
Instructions -
@ Upload astu <
1) Upload a study area outline and possible antenna station locations as shapefiles or create a wind farm using parameters in the "Create a wind farm" parameters sidebar option.
‘ Add default st ‘ 2) Mc.)d|f3( receiving statllclm parameters and detection parameters.
3) Click "Generate Array" Button. -
‘ Remove study ‘

2) Input parameters

1
i D Latitude Longitude
P + TN
A’ Receivin ation Params <€ Cape \ v
— Cod Bay = 1 1 41.65534 -69.77275
& Detection parameters <
\ 2 2 41.66105 -69.67377
: * 3 3 41.58301 -69.76514
) Detection array creation ) W
/ 'ﬂ ( ‘ 5 Ay 4 4 41.58491 -69.67187
Optimization type:
. . . _ r & 5 5 41.58681 -69.58621
@® None (manual selection) Nantucket )\ w7 * y ¥ % a
© Coverage optimized ) Sound o & o+ S 6 6 41.58681 -69.50816
@ Density optimized y
. . R T 7 41.52209 -69.49674
@ Avoidance optimized \\\\\-N
.\\0 —
c,"L 8 8 41.51638 -69.57288
. &
Detection polygon color < ;\F'L'
~ ﬁ\‘y 9 9 41.51067 -69.65854
Generate ana =
Y Tt . Leaflet | Powered by Esfi | USGS, NOAA 10 10 41.51067 -69.76324
11 11 41.43262 -69.76133
Selected stations
12 12 41.44214 -69.66615
ID  Latitude Longitude First antenna angle 13 13 41.44976 -69.56907
T 14 14 A1 AAGQTR -R9Q A9RRA T
Showing 1 to 22 of 22 entries
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Automated Telemetry Study Design Tool

1) Study area and array

Study area data Detection results Study design report
# Design a study < S URURUUUUeeeReeeeeeeeeeeeeeeeee
Receiver Detection Map Tag detection range plot by flight height
@ Upload a st < ]
ploads T
B — + e B, 1.00
‘ Add default study ‘ Cape \ _F
———— — Cod Bay p
‘ Remove study ‘ 9000
; i 0.75
g 2
s % <3 s
2) Input parameters A g 5
/ / E 6000 g
/ / o o
A" Receivi tion Params < Sl - * % e E 0508
oehingSatio ar K C e :
L L3 o o
\_) Nantucket v s & % ¥ e ]
& Detection parameters v = Sound @ e
%l ¥ ¥, g 8
— 3000 —_—
{ 025
N (\\\2\ ) / —+ study area coversd
‘ Q\‘u (I —=— max detection dist
& <
I é\‘;’ 0 0.00
\
o 25 30 40 45 g
T Leaflet | Powered by Esfi | USGS, NOAA Flight height (m)
Station antenna angles Tag detection data
station theta Flight height (m) Max detection range (m) Study area covg. Antenna coverage overlap Min. covg. flag
1 1 45 1 25 7,726 0.19 0.22 0
2 1 135
3 1 225
4 1 315
3 2 0
6 2 90
c 2 T 2 180
3) Detection array creation
8 2 270
Optimization type:
® None (manual selection) El 3 30 ) *
- @ ting dat: leted 50 m step 2
© Coverage optimized omputing cata completed 50 m step
§ e 10 3 120 of 2 flight heights, at: 2021-01-13 09:23:52,
. I OptIITIIZed elapsed time: 6.7 minutes
@ Avoidance optimized 11 3 210
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Al & £ || flt_ht
A | B | D | E | F G | H | 0 | 1 M| | w | x | v | Z | A | m | AcC |

1 |flt_ht max_r study_are antenna_coverage_overlap
2 | 25 7725.726 0.893092 0.372661
3 | 50 10850.86 1 0.453107
4 | 75 13195.18 1 0.496983
5 | 100 15124.38 1 0.484908
6 | 125 16780.43 1 0.508059
7 150 18236.02 1 0.523735
8 | 175 19534.08 1 0.52934
9 | 200 20702.19 1 0.53052
10|
11|
12|
13
14
15|
16|
17|
18|
19
20
21|
22|
23
24|
25|
26|
27|
28 |
29|
30
31
32
33|
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1) Study area and array
Study area data Detection results Study design report
# Design a study <
Report
@ Upload a study <
Here you will find the an assessment of the suitability of the station arrays to detect target species.
‘ Add default study ‘
‘ Remove study ‘

2) Input parameters

A" Receiving Station Params <

& Detection parameters <

3) Detection array creation

Optimization type:

@ None (manual selection)
© Coverage optimized

@ Density optimized

@® Avoidance optimized
Detection polygon color <

Generate array



Discussion

* What would you like for inputs?

* What would you like for outputs?
* Layout changes?

* Needs for the report tab?

e Study designs that are not captured here that could be implemented
in tool?

* Would you like to be a beta tester?

* If so email me (Andrew Gilbert, Andrew.Gilbert@briloon.org) and/or Kate
Williams (Kate.Williams@briloon.org) to be added to the working group to
provide further info and be sent the link to the app



mailto:Kate.Williams@briloon.org
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