H Ocean/Wind Power
Ecological Baseline Studies

Interestq'i arty Group

Meeting Presentation

(A

| |
| ‘ ‘ | I‘
1l | 1 LT LA AL INE IS8T YW INSE AT

\l_ —




Introduction

« Marine Mammal Survey - Dr. Jason See
— Oceanography

* Acoustics - Dr. Kathleen Dudzinski
— Marine Mammal Behavior and Acoustics

- Fisheries — Juan Levesque
> Flshery Blologlst

Z ’- Introduction to AV|an — Chris Clark

— Avian and Radar Studles
Avian Survey - Dr. Jarrod Santora
— Ornithology and Modeling

Dr. Sidney Gauthreaux, Jr. |
— Ornithology and Remote Sensing Techniques



Marine Mammal Survey

_~Dr-Jason See - Oceanography



Shipboard Surveys — Marine Mammals

| and Sea Turtles

Monthly surveys
conducted onboard
the University of
Delaware’s R/V Hugh
R. Sharp under
SR NOAA Permit

e #1 0014-01




Survey Effort

40

« Randomly-generated
tracklines (double saw-tooth
pattern) using DISTANCE

program (Buckland et al. 2004)

- Tracklifies were altered only if
sea state, glare, of Weather
inhibited survey effort -

Buckland, S.T., D.R. Anderson, K.P. Burnham, J.L. Laake,
D.L. Borchers, and L. [Thomas, eds. 2004. Advanced
distance sampling. New York, New York: Oxford
University Press.

nnnnnnn

—— Shipboard Survey Trackline




Survey Effort

rvations recorded
ridge during BSS < 5

* Visual o
from flying

es, recorder

H ’ '
Each observprﬁcanned 0

horizon from abeam (90°) on
his/her Sldﬁ of \the ship to 10° to
the opposﬂe S|d\e of the bow (100°
in all). I
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Sightings

Observers went off-effort after a sighting was made

All sighting data recorded using WinCruz--computer program
developed by NMFS-SWFSC and integrated with ship GPS

Vessel’sﬁ'S-peed and course altered as necessary to obtain
sighting data

Attempts were-made to photograph all the animals in a

~ sighting to document species identification

« Once all the necessary' data were collected for the sighting,

the vessel resumed the same course and speed as prior to
the sighting .

Extensive daily QA/QC procedures conducted by chief
scientist



Sightings

NOAA Permit
No. 10014-01

Short-beaked co




Sightings

» Shipboard surveys - Covered
7,090 km (3,896 NM) of on-effort
trackline |

* Total 260 sightings (215 on-
effort) '

« 7 cetacean species, 1 pinniped
species/ and % sea turtle species
identified =

- Bottlenose dolphln was the most
frequently sighted species; most

~of these sightings were recorded
in the summer months

* Fin whale was the only species
sighted throughout the year

Atlantic

North Atlantic Right Whale #8 UID Small Whale

in =M UID Cetace UID Turtle

== UID Dolphi oise UID Whale

ise  EE UID Hardsh urtle

. UID Large
UID Marine Mammal
ID Pinniped
b3 p == Study Area

uiD SmaH D Iphin




Aerial Surveys

» Conducted February - May 2008
« Aircraft crash in May 2008

» Surveys resumed in January
2009




Aerial Sightings

® Bottlenose dolphin
® Common dolphin

Harbor porpoise

® Humpback whale

UID small whale

® Unidentified marine mammal

« Aerial surveys - Covered 2,186
km (1,180 NM) of on-effort
trackline (February-April 2008)
Total 22 sightings (22 on-effort)

* 4 identified species, 2
unidentified species

Atlantic
Ocean



Concurrent Data

40

 Collection of oceanographic data
for use as co-variates in density
models |
« CTD casts: salinity, temperature,
depth
* Real time/Surface data
- Sea surface temperature
. Salinity
_+» Fluorescence
« ADCP data |
~ « Currents
* Potential zooplankton
‘swarms’

Kilometers

Atlantic
Ocean




~etc.)

Density modeling

Distance dénsity estimations
Spatial modeling (as possible)

Minimum 20 observatlons of
species

Species with few observatlons
may be pooled (by family,

-70
Longitude

Common dolphin (DoN 2007)



Acoustics

Dr. Kathleen Dudzinski — Marine Mammal
Behawor and Acoustics



UnderV\ﬁ@ter Acoustic Survey - Methods

« Methods ‘
— Study area
— PopUp| locations

. Baleen V\/hales

+ Toothed whales
— Sample Sounds

« Summary

|lli| | ||| \ Photos: GMI

™
-

[ | | mGMI
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ater Acoustic Survey - Results

Deployment
March '08
June '08

September '08

December '08

a o b

Photos: GMI
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Underwater Acoustic Survey - Results

I

© Methods| |
- Results|
— Data,{i{bj':tals
- Deployment returns

units data data Species
Deployment rec.d (gb) (hrs) Confirmed
March '08 4 330 8,064 EgBp Tt
June '08 4 522 4760 Eg Bp Tt
2 kHz p) 167 4,080 Eg Bp
31.25 kHz p) 355 680 Tt
September '08 K] 279 3,328 Eg Bp
2 kHz p) 105 3,072 Eg Bp
31.25 kHz 1 174 256 TBA
December '08 na to be recovered in late March '09

Total hours collected: 16,152

Additional projected hours
Dec. '08: 7,760*
March '09: 7,760*

S
e

Photos: GMI

* . e 2
assuming all PopUps recovered EGMI




’“"’-ter Acoustic Survey - Results
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Under

E Sound 14: NJDEP_Acoustics1_20080328_011100_EgUpcalls.aif

North
Atlantic
right
whale
upcalls

R 40

PU081, S#4

15 Ap

2 March 28, 2008 @ ~1:11 AM unamplifi

ﬂE 2x rate, amplified 4x






Underwater Acoustic Survey - Results

[#l Sound 7: NJA2_PUO8L_20080714_060000.aif

dolphin
whistles

15.000 4

. a1 PUO081 - WHS
clicks, claps, 15500

pulses, Bl | 12500

12.000

squawks, etc, .. I3

11.0004
.t ; 10.500 4
0]0) y 10.000 7
9.500 7
9.000
: : 8.500
: ! 8.000 7

: e 7.500
14°July 08 | (IS
=T U y 6.500
) 5.000

- 5.5004
5.000
4.5007
4.000
3.500
3.000
2.5007
2.000
1.5004
1.000

0.000
‘
kHz  5q 596





Underwﬁa'-ter Acoustic Survey - Results

. Methods \
. Results
. Summary

— Baleen whales detected
. Ca‘l‘l‘ifr_detectors for few species
Via ual__reVIew for most

';Manual |

. Whistle (FM) call vanablllty

* Pulsed calls )

 Species differences?

— Analysis ongoing _ |
- Toothed whale calls — review related to-

survey data
» Other baleen species — related to survey
datal | : Photos: GMI

TSP AL INE IS W INS ATLT
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Fisheries
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BIGMI
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* Fish Diversity
— /336 fish species classified under 116
| /families

Fish and Fisheries

One of New Jersey’s most valuable natural resources

- Fish-Habitats
2. Offshore”

_ s Area N

coastal beaches(surf zone)

- pelagic zone

benthic zone

artificial reef-structures

38 Essential Fish Habitat (EFH) areas™
2 Habitat Areas of Particular Concern
(HAPC)

- Summer Flounder and Sandbar Shark




Fish and Fisheries

Barnegat_
Light

Brigantine,

Atlantic City
.

Great Egg Harbor Bay
Ocean City &

Hereford

Unprojected EFH Lifestage
N Interpolated Eggs (Benthic) = Study Area
A [ Interpolated Larvae

Interpolated Juvenile (Benthic)

m—— Kilometers Interpolated Adult (Benthic)

0 5 1

» . li-laut\tal Miles M I
Approximate

0 5 10

PR A AL INE INT Y



. C éstal Beaches (Surf zone): Anchovy,
Sllver3|de Bluefish, Northern Kingfish

Anchovy, Atlantlé'S‘%\'f S __m Decapod
Lstaceans (e.g., A\\ﬂanir QCk Crab and
' American Lobster) -

2. Artificial Structures: Tautog, Black Se:
Red Hake (~ 150 different marine spemes)**i




| _ . .
’,u Fish and Fisheries
i

.ﬁfchial Fisheries (2003-

il

.......

. Stﬂd’y Area
..|"JC|4, dredge
— | Sink gillnets
“‘— Pﬂt/traps




Fish and Fisheries

a
g
§
§

Bamegat
Light

Brigantine,

Atantic City
.

Great Egg Harbor Bay
Ocean Citys

Hereford
Inlet

Ailentic
@cea

Level of Fishery Effort = Study Area

(Fishing Trips)

N
‘\\ Ocean Quahog, Atlantic =
i Surf Clam, and Monkfish o
0 5 10 Least 1-25 -
Less 26-50 -
Bl Greater 51-75
Bl Greatest 76-90 EGMI

Unprojected
Clam Dredge Fisheries Involved:

1 Kilometers
Q 5 10

) Nautical Miles
n dredges
PR A AL INE INT Y

Approximate




Fish and Fisheries

Commercial Fisheries (2003-2007)

~
wn
[
9
g
&
[0}
=
[
>

Landings (mt [thousands])

Atlantic Sea  Atlantic Surf Ocean Quahog  Atlantic Atlantic
Scallop Clam Mackerel Menhaden

Species

mm VALUE —— LANDINGS




. Fish and Fisheries
: Recﬁegtlonal Fisheries g;j;@:]kw
- FlsHIng Hotspots: North ‘

Shlpwrecks (~ 102)

"‘E':EfStrlped Bass
— |||Bluefish
_ | Winter Flounder

— | Atlantic Mackerel
— 'Bonito




Fish and Fisheries

8
3
¥
8
§
&

New
Jersey o @

Jacques Cousteau National
Estuarine Research Reserve‘\

Brigantine

Atlantic Cif

Great Egg Harbor Bay
Ocean City &

Hereford
inlet

Atlantic
Ocean

Carl N. Shuster, Jr. Horseshoe Crab Reserve

Unprojected
N @ Major Commercial Fishery Port = Study Area
Artificial Reef
0 5 10 Recreational Fishing Hotspots
mm— Kilometers National Estuarine Research Reserve

0 5 10 Y
— Nautical Mi Fishery Closed Area
XX See Table 9-5 for List

Approximate

AL INE INTF PN ATLT
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Introduction to Avian Studies

Chris-Clark — Avian and Radar Studies



Avian!$

e Thermal

. Grou'nH 'Hruthing and S
Obsﬁwﬁtions

by S
- s . UG e




SN

— Conclusiong |. X N
- Possible biasing towards larger birds

. Limit% number of surveys compar
other efforts

. UtiIizg”tiqh"Qf resources for other tasks
(e.g.,“r‘?da( validation)




Avian Studies — Technical Presenters

« Dr. Jarrod Santora
— Ornithology and Modeling

* Dr. Sldney Gauthreaux, Jr.

2 :Omi_thology_ and Remote Sensing Techniques



Avian Studies - Overview

Dr. Jarrod Santora
* Visual Surveys:

Density Mapping
Project Area Coverage

= Monthly Break-outs
- Flight Directions and |

Hotspots

Obijectives of DenS|ty and "

Modeling

Dr. Sidney Gauthreaux, Jr.
« Radar Surveys:

Radar Background
Clutter Environment
Comparable Studies
Horizontal Data

Radar Post-Processing
Vertical Data

Filtering

-Altitude

TIVPRs,



Avian Shipboard Surveys: Research,
Development, and Prediction

Dr Jarrod Santora — Ornithology and
Modeling



Avian Density Mapping: Shipboard and
Coastal Surveys

» Offshore (14) and coastal surveys (13)
 Standardized strip-transect methods (300m)
- Data used for density calculation:
.~ Vessel speeds 27knots, Sea State <5, Good
_~ 7 Visibility N

~ Density estimates (birds km?)
— calculated using the standard formula:

« D=n/ (I xw), where D is density.(birds per square
kilometer), n is the number of birds ebserved, | is the
transect length, and w is the width of the strip.



SURVEY
COVERAGE

January-November

Offshore (11): 5160
Kkm

Coastal (10_):_'924 Km

5

Distribution
Patterns?




JANUARY

January 2008 Shipboard Offshore In-Zone!
Abundance
Common Name [\ 2
Northern Gannet 776 1.55
Red-throated Loon 118 0.24
Common Loon 83 0.17
Herring Gull 71 0.14
Black Scoter 63 0.13
Total 1,111 2.23

"includes avian observations within the 300-m x 300-m survey strip transect

Atlantic City

34 o 85%°
L

K2 . when the ship was traveling >7 kts
Great Egg Harbor Bay , .: e " . . .‘_' 2 No/km

OceanCity ® - @®

4

4“7 4

e

48 a9 50 "
Hereford
Inlet

/‘55

Atlantic
Ocean

Unprojected Avian Density #km?

N Near Shore Off Shore = Study Area
A - 0.000000-0.001500 - 0.000000 - 0.001500 Quadrant
6 @ ad e 0.001501-0.120000 « 0.001501 - 0.060000
w1 Kilometers ® 0.120001-0.204286 @ 0.060001 - 0.156784
g 5 10 ® 0294287 -0.779412 @ 0.156785 - 0.333166

Nautical Miles
Approximate @ 0779413-2.011429 @ 0.333167 - 0.616583

Figure B-34 1_January 2008 total avian density




APRIL

April 2008 Shipboard Offshore In-Zone?
Abundance

Common Name [\ 2

Surf Scoter 1,297 1.80
Northern Gannet 809 1.12
Black Scoter 335 0.46

Scoter, dark-winged
(unknown) 204 0.28

28

o C I WY B Herring Gull 160 0.22

Atlantic City -
.

34 ,.35 ' Total 2,805 3.88

L
Great Egg Harbor Bay ~_®

Sl & | B T e, "includes avian observations within the 300-m x 300-m survey strip transect

e L | when the ship was traveling >7 kts
: : . . : 2 No./km

Atlantic
Ocean

Unprojected Avian Density #km”
N Near Shore Off Shore = Study Area
A - 0.000000-0.001500 + 0.000000 - 0.001500 Quadrant
£ e 0.001501-0.120000 = 0.001501 - 0.060000

m— Kilometers ® 0.120001-0.294286 @ 0.060001 - 0.156784

’ 3 il @ 0.294287-0.779412 @ 0.156785 - 0.333166

Nautical Miles
Approximate @ 0779413-2.011429 @ 0.333167 - 0.616583

Figure B-3A.3. April 2008 total avian density




34

Great Egg Harbor Bay
Ocean City ®

..
4

.
Atlantic Gity o

.,-35'

41 gqe*"t.
K .
: 3

o
.

28 29
o .

Brigantine, | o
L

Atlantic
Ocean

Unprojected

0 10
) Kilometers
0 5 10
Nautical Miles

Approximate

Avian Density #/km?*

Near Shore
- 0.000000 -
e 0.001501 -
® 0.120001 -
@ 0.204287 -
@ 0779413 -

0.001500
0.120000
0.294286
0.779412
2.011429

Off Shore
- 0.000000 -
* 0.001501 -
® 0.060001 -
@ 0.156785 -
@ 0333167 -

0.001500
0.060000
0.156784
0.333166
0.616583

= Study Area
Quadrant

Figure B-3A5_June 2008 total avian density

JUNE

June 2008 Shipboard Offshore In-Zonel

Common Name

Wilson’s Storm-petrel

Common Tern
Laughing Gull
Northern Gannet
Cory’s Shearwater
Total

N
338
182
174
132

S7
883

Abundance?
0.41
0.22
0.21
0.16
0.07
1.07

"includes avian observations within the 300-m x 300-m survey strip transect

when the ship was traveling >7 kts

2 No./km




AUGUST

August 2008 Shipboard Offshore In-Zone!
Common Name N  Abundance?

Wilson's Storm-petrel 1,245 1.55
Laughing Gull 517 0.64
Common Tern 510 0.63
Great Black-backed Gull 56 0.07
Purple Martin 47 0.06

Brigantine,

N ' : Total 2,375 2.95

.
34 35 «*P,
: .,

GrestEgg Harbor Bay 4 @3 : L SN i "includes avian observations within the 300-m x 300-m survey strip transect
Ocaancie o*°° L. e i [ when the ship was traveling >7 kts
" - : 2 No./km

Atlantic
Ocean

Unprojected Avian Density #km?
N Near Shore Off Shore = Study Area
A - 0.000000 - 0.001500 - 0.000000 - 0.001500 Quadrant
o 5 10 e 0.001501 - 0.120000 * (0.001501 - 0.060000
mm—— Kilometers @ 0.120001-0.294286 @ 0.060001 - 0.156784
0 & 10 @ 0294287 -0.779412 @ 0.156785 - 0.333166

Nautical Miles
Approximate @ 0779413-2.011429 @ 0.333167 - 0.616583

Figure B-3A 7. August 2008 total avian density




NOVEMBER

November 2008 Shipboard Offshore In-Zonel
Common Name \ Abundance?
Surf Scoter 2,101 3.85

Laughing Gull 1,323 243
Northern Gannet 1,065 1.95

Black Scoter 1,062 1.95
- Scoter, dark-winged
e, 0@ (unknown) 510 0.94

.
Atiantic City e
D e

A Y ow Total 6,061 11.12

890 43,
) :

.
.

Atlantic
Ocean

Unprojected Avian Density #/km?
N

Near Shore Off Shore == Study Area
A - 0.000000 - 0.001500 - 0.000000 - 0.001500

& £ i * 0.001501-0.120000 e 0.001501 - 0.060000
s Kilometers ® 0.120001-0.204286 @ 0.060001 - 0.156784
e 5 O M @ 0.294287 -0.779412 @ 0.156785 - 0.333166
Approximats @ 0.779413-2.011429 @ 0.333167 - 0.616583

Quadrant

Figure B-3A.10. November 2008 total avian density’




Flight Direction

* Relevance of Circular Uniformity vs.
Mean Flight Direction

» Importance to subsequent calculations of
avian mortality strikes.
» Collision rate of birds with wind turbine
" blades depends on relative directional
orientation between birds and blades.



Circular Statistics
Objectives
Assess the statistical distribution of avian flight directions
and their variability with respect to species, taxonomic
group, month, and season.

Estimatefa' mean direction angle and calculate associated
statistical errors (circular SD, 95% confidence interval, etc.)

. 'Hy'pbthesi:s testing'_i-'-Do_ the directional data exhibit circular
~uniformity | (random directional distribution) or a mean
flight direction? X

Mean flight direction can exhibit moh’thly/seasonal variability
in accordance with seasonal flight migration.patterns.



Flight Direction: Summary

« Mean angle is dependent on species, group, month, and season.

Offshore (Ship) surveys:
« Mean angle =148.20° (95% CI: 142.05° to 154.34°) for total birds.

« Datasexhibit c:|rcular uniformity with respect to species, group,
month and season.

C_o_astal (Bo_at) -Su rveys:ﬁ %

~ +» Mean angle = 200.75° (95%. Cl: 199.84° to 201.66°) for total birds.

~ « Data exhibit circular uniformity. W|th respect to season, but not
species, group, or month.



Avian Hotspot Mapping

* Hotspot maps provide a direct link between
sampling effort and observed avian density

» Effective tool for tracking changes within and
among cells through time (Seasonal
Variability) .

~ + Examine changes.in

' — Species diversity N

— Community Composition

— Interspecific associations



JANUARY - NOVEMBER
Taotal Species

Atlantic
Ocean

Unprojected
N

A

0 5 10
1 Kjlometers

0 5 10
Nautical Miles.

Approximate

Avian Density Sum as Percent Total
Il 0% - 0.137353% = Study Area
[l 0.137354% - 0.701038%
I 0.701039% - 1.408774%
1.408775% - 2.901168%
2.901169% - 5.323382%
I 5.323383% - 16.01947%

Figure 7 1. Avian density ‘hotspols’ January o November 2008

Northern Gannet

Legend

I 0.000-0.299
I 0.300-0.879
I 0.880- 1.925
| ]1.926-3414
[ 3415-7.184
I 7.185 - 28.369




JANUARY - APRIL
Total Species

Atlantic
Ocean

Northern Gannet

Unprojected
N

A

0 5 10
) Kilometers
0 5 10
Nautical Miles

Approximate

Avian Density Sum as Percent Total
I 0% - 0.36622% = Study Area
B 0.366221% - 1.072315%
I 1.072316% - 1.934209%
1.93421% - 2.936667%
2.936668% - 5.741797%
B 5.741798% - 20.479442%

Figure 7-2 Avian densiy ‘hotspots' January to Apri 2008

Legend

I o - 0.249482%

I 0.249483% - 0.943785%
I 0.943786% - 1.674594%
| | 1.674595% - 2.688388%
[ ] 2.688389% - 8.664947%
I 5.664948% - 35.735139%




MAY- JULY
Total cles

74°
1 1 1

Atlantic Z Legend
Ocean

I 0% - 0.249482%
I 0.249483% - 0.943785%
I 0.943786% - 1.674594%

1.674595% - 2.688388%
Unprojected Avian Density Sum as Percent Total ° °

A I 0% - 0.391407% — Study Area [ ] 2.688389% - 8.664947%
[ 0.391408% - 1.167205% 9 0

i & g [ 1.167206% - 1.836437% - 8.664948% - 35.735139%
mm— Kilometers 1.836438% - 2.801845%
0 5 "%mmmm"ﬁs 2.801846% - 4.222572%
N 4.222573% - 9.167375%

Approximate

Figure 73 Avian density ‘hotspots’ May to July 2008




AUGUST - NOVEMBER
Total Species

1 1

Legend

Atlantic

Ocean B 0% - 0.249482%

I 0.249483% - 0.943785%
I 0.943786% - 1.674594%
[ ]1.674595% - 2.688388%

Unprojected Avian Density Sum as Percent Total I:l 2.688389% - 8.664947%

N I 0% - 0.183069% = Study Area
A I 0.18307% - 0.687734% I 3.664948% - 35.735139%
o 5 10 B 0.687735% - 1.587329%
' Kilometers 1.58733% - 3.61043%
o 5 'ONM cal ik 3.610431% - 5.609017%
B 5.609018% - 22.681907%

Approximate

Figure 7- 4 Avian density hotspots’ August to November 2008




ohparative Habitat Use of Seabirds
|l anuary-November

|
|
i
'
|

||'
Northern' Gannet Scoter Spp.

Laughing Gull

-

28 f\\r

0 5 10 20 30 40
T — e Kilometers

0 5 10 20 30 40 0 5 10 20 30 40
- —— w— Kilometers - —— w— Kilometers




Avian Density and Distribution Modeling
* QObjectives:

— Determine probability of occurrence and spatial
distribution for birds.

» Density Plots
- Presence/Absence
{» Hotspot Mapping

-~ Use spatialinterpolation tools to examine changes in
avian density over the study area and through time.
- Kernel Density and Krigging
— Design and implement Maringé: Geospatial Ecosystem
tool to predict spatial distribution of.-birds using survey
data and environmental predictors.



Example: Species Habitat Modeling

Presence/absence

Probability of occurrence
predicted from environmental
cCoVariatle e |

Multivariate
statistical

model /
GAN |
— ) ) Ve  x

Samp‘ed environmental
~ data oy |

SST
Chlorophyll

From MGET Marine Geospatial Ecosystem Tool; J. Roberts, Duke :Unlversny
Guisan, A., Zimmermann, N.E., 2000. Predictive habitat distribution models in ecology.. Ecological

Modeling 135, 147-186 EGM]



Example: NJ Seabird Density and Environmental Pre

Ocean Color

Bathymetry Sediment Sea Temperature Chlorophyll-a

Ocean

' .~ Multivariate statistical
~model (GAM’s)

y{ﬂ} = r]+ .lel + o+ ﬁmxm
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Example: Predicted densities of seabirds using
shipboard survevs and GAM's off Central

[
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Fig. 4. The predicted densities of adult western gulls within their foraging range from the primary breeding colony on south-east
Farallon Island. during spring 1985, 1988, 1991 and 1994. The positions of the survey segments are superimposed. Densities
greater than 8 birds km™ have been set to 8 birds km™ to show changes in density more clearly.




Example: Using GAM’s to explore the shape
bird/mammal-habitat relationships.
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Fig. 5. Generalized additive models can be used to explore the shape of
cetacean-habitat relationships. In this hypothetical example, smoothing
splines were used to model the relationship between cetacean encounter
rate and several habitat variables. A linear fit was selected between
encounter rate and distance to shore. A smoothing spline with 2 degrees of
freedom suggests that encounter rates may level off with increasing temper-
ature, while a smoothing spline with 3 degrees of freedom captures a peak
in encounter rate at a depth of approximately 3500 m

From Redfern et al. 2008




Example: Predicting probability of occurrence of Right
Whales and ship strikes

Mavtical miles

0 20
Kiometres

424 —————T—T——<——"0.00030
66.6 66.4 66.2 66.0 65.8 65.6 65.4 65.2 65.0 64.8 64.6 64.4°"W

Fig. 5. Bathymetric (100 m resolution) chart of the Roseway
Basin region illustrating the study domain (red dashed
line), Canadian Right Whale Conservation Area (black
dashed line), and showing the relative probability of (a)
observing a right whale, (b) observing a vessel, (c) a vessel
encountering a right whale, and (d) average vessel speed
(knots) and (e) relative risk of a lethal collision between a
vessel and a right whale. The recommendatory area to be
avoided is outlined (solid black line). Note panel (d) is
colour-scaled to match that of lethal collision as a function
of vessel speed shown in Fig. 1b

1}
Kilometres

] a0
T T T T

T T T 0
66.6 66.4 66.2 66.0 65.8 65.6 65.4 65.2 66.0 64.8 64.6 64.4°W

From Vandrlaan et al. 2008. Reducing the risk of lethal encounters: vesselstand right whales in
the Bay of Fundy and on the Scotian Shelf. MEPS, 4:283-297




Example: NJ Seabird Density and Environmental Pre

Ocean Color
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Avian Radar/TI-VPR

Dr. Sldney Gauthreaux, Jr. — Ornithology
and Remote Sensing Techniques



] |||

I\/Iohle Avian Radar System (MARS®)

TracScan®

anterpa/

VerCat®
antenna

L - .'.. -
" |

\ -‘:h 1|
r ’jhl.-




Mobile Avian Radar System (MARS®)

(Furuno FR-2165)
Wave-length: S-band, 10 cm

—— . Peak Power: 60 kW
oo T Transmit Frequency: 3040 MHz

Pulse Length: 80 ns

Pulse Repetition Frequency: 1900 Hz
Horizontal Beam Width: 2.2°
Vertical Beam Width: 25°
Maximum Study Range: 4 NM (7.4
Radar scans full circle & km )
T S Polarization: Horizontal

. ‘_,_F_{ange & bearing CDVB@?_EE,--—-"" Dete rmln e_s ran g e’ ﬂ Ig ht d I re Ctl on ’
speed, and heading of targets

TracScan® Coverage Pattern



Mobile Avian Radar System (MARS®)

VerCat Beam

adhrse B . (Furuno FR-2155)

in vertioal plane Wave Length: X-band, 3 cm

Peak Power: 50 kW

Transmit Frequency: 9415
MHz
Transmit Pulse Length: 80 ns
PRF: 2200 Hz

gl Beamwidth: 20° x 0.95°
e Maximum Study Range: 1.5

i N V1 downrange (2.8 km)
theiay both directions; 3.0
Range coverage — NM (18,200 ft)
T N altitude
VerCat® Coverage Pattern “Antenna Polarization: Vertical
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Locations of offshore radar in
the New Jersey Study Area
during Spring (March through
May) 2008.

Grid 1: 14-21 March 2008
Grid 7. 22-27 March 2008
Grad 13: 3-13 April 2008
Grid 19: 13-19 April 2008
Grid 26: 24-30 April 2008

Grid 23: 30 April- 7 May 2008

7-11 May 2008
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Locations of onshore radar in
the New Jersey Study Area
during Spring (March through
May) 2008.

Site 1: Island Beach State Park
15-23 May 2008

Site 2: North Brigantine Beach
29 May-8 June 2008

Site 3: Corson’s Inlet
9-19 June 2008
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TracScan® Radar Data Processing

European radar studies of local and migratory bird movements
in offshore areas selected for wind development projects have
noted that rain and waves affect marine radar performance
when the radar is operated in the conventional horizontal scan
mode (Tulp et al. 1999, Christensen et al. 2004).

_One study of blrd movements and collision risks at the offshore

-~ wind farms Horns Rey, North Sea, and Nysted, Baltic Sea, in

Denmark, have been conducted only when the sea is relatively

calm with winds less than 2 m/sec or 4 knots (Blew et al. 2006).

Marine radar has a sea clutter fllter but use of this filter
decreases the detection of all targets close to the radar—both
sea clutter and birds.
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At least one European offshore radar study has reported
results from a horizontally scanning marine radar (S-band, 30
kW, 25% beam width, 6-NM range) with digital processing
S|m|Iar to MARS® TracScan® (Kreijgsveld et al. 2005).

The authors noted that sea clutter produced 85% of the tracks
{false tracks) and.cautioned readers that even after the

_ ‘application of a clutter removing procedure, the data still

contained an unknown number of false tracks within the ranges
affected by sea clutter.

Mark Desholm (AWEA offshore t'e'Ie"COn_fe_rence, 4 Feb 2009)
confirmed sea clutter is still a problem in offshore radar studies
of bird movements. —



1000 MARS® TracScan® also
35000 1 .
produces false detections and

30000

3 25000 | tracks when sea clutter is
g 20000 present. The false detections are
R | particularly evident when the
5000 | { velocity measured between two
0 detections is plotted in a
histogram.

Velocity (knots)

We do not know exactly how the
plotting algorithms produce
these false detections, but we
suspect that sea clutter is
_responsible, because the
histograms of velocity measured
between.detections with MARS®
VerCat® danot contain the
abnormally fastivelocities
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Histogram of total ground speeds between detections

for 15 March 2008 mGMI



To enhance Quality Assurance/Quality Control we
developed filtering rules to eliminate false detections and
tracks from sea clutter. The filtering rules are similar to
those used by Kreijgsveld et al. (2005).

1.Eliminated tracks with distances greater than 0.06 NM between

succegsive detections (i.e., tracks with velocities above 100 kts)

2.All.tracks with gaps in detections were treated as separate tracks

_toravoid treatlng e unrelated tracks as one and generating false
tracks. N

+3.Selected|only tracks wrth nlne or more continuous detections

(number of echoes per traok) \

4.0nly used tracks beyond the sea clutter range (tracks equal to or

greater than 1.5 NM. If a portion of a track occurred at 1.5 NM the

entire track was|included in the analysis.
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nal plots from TracScan data in Quadrants

Quadrant 4 Quadrant 1

N 1398 N 625
NME 3117 NNE 2244
ME 2042 ME 2025
ENE 1128 EMNE 597
E 792 E 142
ESE 713 ESE 132
SE 390 SE 128
S5E 314 S5E B2
s 720 s 152
SEWY 707 SEWY 142
SV 549 SV 146
WYSWY 364 WYSWY 147
Wy 401 Wy 170
WYY 553 WYY 152
WY 723 WY 204
MY 854 MY 312

Total 14765 Total 7670

Quadrant 3 Quadrant 2

N 1151 N 316
NMWE 3561 NME 1019
ME B2 ME 2143
EME 1616 EME 1030
E 830 E 467
ESE 823 ESE 423
SE 595 SE 330
S5E 402 S5E 207
s 582 s 192
SEWY 581 SEWY 272
SV 466 SV 335
WYSWY 455 WYSWY 334
Wy 400 Wy 319
WYY BBY WYY 454
WY 804 WY 535
MY 734 MY 378

Total 17290 Total 8754

Dark
Total time 87.2 hours




I
I TracScan®Radar Data Processing
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VerCat® Radar Data Processing

Sea clutter is not a serious contamination problem in the
VerCat® data, because the radar does not transmit below the
horizontal.

Precipitation (i.e.,.rain, sleet, snow) and virga (precipitation that
falls‘from a cloud but evaporates before reaching the ground)
generate d'et__ections (echoes) that may produce false tracks
~~when algorithms precess the data. When this occurs VerCat®
~counts are inflated and the medlan altitude distribution is
increased. N

To avoid the problems, for the I'ri‘te‘rim Technical Report we
eliminated from analysis time periods. contalnlng precipitation
and virga. -

Since receiving comments from reviewers we have developed a
rain clutter filter that greatly reduces false tracts and allows us
to use data with precipitation and virga. HGMI
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. VerCat® Radar Data Processing
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VerCat® Radar Data Processing
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Altitude Quartiles for Diurnal

R Grid Al diurnal
~25% Alt (clear weather)
altitude quartiles, 14

to 22 March 2008

Altitude in ft AMSL

Shaded Area Represents Rotor Swept Zone

Altitude Quartiles for Nocturnal

: Grid Al nocturnal
(clear weather)
altitude quartiles, 14
to 22 March 2008.

Altitude in ft AMSL

Shaded Area Represents Rotor Swept Zone




501+ ft AMé i

Subtotal | |||

Mt




i MARS® TI/VPR

TSP AL INE IS W INS ATLT




Thermal IW

|

'\

=

ST
| |

ws
1
!

!




— ..

‘ber of birds (raw and corrected) within 50-ft
lnal bands for TI-VPR samples on the night of

11 May 2008

CuUlrcoeicu Allltuuliiial

Raw Count

D I

0

90

0

0

0

18

16

0

D~ ol |joo|jojlojo|o |O




11 May 2008 Grid 17

Circular diagram showing the direction of
nocturnal bird movements through the TI/VPR
field of view on 11 May 2008. The dark line is the
mean angle and the arc at the end isthe 95%
confidence limits of the mean.
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Figure 6-20. Circular diagram showing the direction of nocturnal bird movements through the
TIVPR field of view on 11 May 2008. The dark line is the mean angle and the arc at the end is the
95% confidence limits of the mean.



Example Data: Birds in Altitudinal Bands at Night (TI/VPR)




L Varne Vammal/Sea Turtle Sunveys

i —

==
=+

-~ i




SWACK movvJecL ent o) PrOJect Team

> B/ Jrlrm |Ik|nson — GMI Project Manager:

JJr

_Report Presentations

—

29



