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General introduction

Passive acoustics — A useful tool to monitor the di stribution of
cetaceans
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Factors affecting acoustic detections
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Dissertation goals and outline
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Chapter 1: Species-specific whistles of odontocetes
Onslow Bay, North Carolina

1.1 Introduction
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1.2 Methods

1.2.1 Study area and survey platforms
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1.2.2 Data collection
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1.2.3 Signal and statistical analyses
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1.3 Results
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Species # Recording Sessions  # Whistles Analyzed
Atlantic spotted dolphins 14 162
Bottlenose dolphins 27 338
Rough-toothed dolphins 1 35
Short-finned pilot whales 6 89
1.3.1 Descriptive statistics
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1.3.2 Species comparisons of variables
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1.3.3 CART analysis
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I, H#H # &"'# IS %

6 # 2
Max Freq MinFreq FreqRange StartFreq End Freq 1stQ 2nd Q 3rd Q Mean Duration  # of Inflec
(kHz) (kHz) (kHz) (kHz) (kHz) Freq (kHz) Freq (kHz) Freq (kHz)  Freq (kHz) (s) Pts

Atlantic spotted dolphins

Mean 14.06 8.40 5.65 9.68 12.38 9.76 10.55 11.56 10.69 0.34 1.23
St. Dev. 3.32 2.26 3.22 2.74 3.93 2.27 2.48 2.95 2.11 0.33 1.70
C.V. (%) 23.6 26.9 57.0 28.3 31.7 233 235 255 19.8 95.5 138.3
Bottlenose dolphins

Mean 17.58 7.62 9.95 9.70 11.02 13.16 12.86 12.45 12.42 1.15 2.49
St. Dev. 3.40 2.07 3.55 3.46 4.53 3.68 3.73 3.79 2.35 0.65 2.18
C.V. (%) 19.3 271 35.7 35.6 411 28.0 29.0 30.4 18.9 56.5 87.5
Rough-toothed dolphins

Mean 7.71 5.50 221 5.67 7.51 6.24 6.50 6.89 6.60 0.19 0.43
St. Dev. 161 1.36 1.43 1.53 1.61 1.46 1.16 1.15 1.16 0.16 0.85
C.V. (%) 20.8 24.7 64.4 27.0 21.5 23.4 17.8 16.7 17.7 85.3 198.4
Short-finned pilot whales

Mean 7.16 4.19 2.97 4.86 5.73 5.86 5.95 5.76 5.74 0.49 0.74
St. Dev. 3.43 2.30 2.48 2.52 3.40 2.76 2.83 2.93 2.65 0.26 0.97
C.V. (%) 47.9 54.8 83.5 51.7 59.4 47.1 47.6 50.8 46.2 52.5 131.0

av

Max Slope Min Slope Slope Range Start Slope End Slope 1stQ Slope 2nd Q Slope 3rd Q Slope Mean Slope Start Slope End Slope

(kHz/s) (kHz/s) (kHz/s) (kHz/s) (kHz/s) (kHz/s) (kHz/s) (kHz/s) (kHz/s) Sign Sign
Atlantic spotted dolphins
Mean 97.76 -64.18 161.94 16.67 13.52 7.96 18.96 21.84 18.89 0.46 0.35
St. Dev. 87.11 64.41 110.97 35.17 44.59 33.99 34.52 51.94 35.10 0.89 0.94
C.V. (%) 89.1 100.4 68.5 210.9 329.7 427.2 182.0 237.8 185.8 194.0 267.4
Bottlenose dolphins
Mean 93.41 -79.26 172.67 31.04 -8.09 7.33 2.47 -7.37 2.99 0.77 -0.20
St. Dev. 70.12 63.83 106.79 36.90 40.33 34.47 39.92 42.05 13.56 0.64 0.98
C.V. (%) 75.1 80.5 61.8 118.8 498.7 470.1 1616.8 570.5 453.7 83.6 499.9
Rough-toothed dolphins
Mean 54.31 -10.39 64.70 12.65 12.76 10.65 8.89 16.31 16.00 0.64 0.64
St. Dev. 51.16 23.03 65.10 19.11 16.63 18.37 18.31 20.77 14.16 0.78 0.78
C.V. (%) 94.2 221.8 100.6 151.1 130.3 172.5 205.9 127.3 88.5 121.3 121.3
Short-finned pilot whales
Mean 38.99 -28.83 67.82 11.49 -0.98 4.90 0.21 -1.53 2.44 0.48 0.15
St. Dev. 36.40 36.50 61.38 21.02 16.08 14.24 14.65 18.21 6.20 0.88 0.99

C.V. (%) 93.4 126.6 90.5 182.9 1642.9 290.4 6840.7 1187.9 2545 182.2 681.1
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% + 7 #8 9 $ #11$ % # 1
$% : % $< # #<= % <
<% 6<2 > # ## # 8 9
# Hit # $ $ #
&#$ 2<))0 9  # $
Kruskal-Wallis Multiple Comparison Test Results with Bonferroni Corrections
Results
Max Freq p<0.001*
Min Freq p<0.001*
Freq Range p<0.001*
Start Freq p<0.001*
End Freq p<0.001*
1st Q Freq p<0.001*
2nd Q Freq p<0.001*
3rd Q Freq p<0.001*
Mean Freq p<0.001*
Duration p<0.001*
# Inflection Points p<0.001*
Max Slope p<0.001*
Min Slope p<0.001*
Slope Range p<0.001*
Start Slope p<0.001*
End Slope p<0.001*
1st Q Slope p=0.300
2nd Q Slope p<0.001*
3rd Q Slope p<0.001*
Mean Slope p<0.001*
Start Slope Sign p<0.001*
End Slope Sign p<0.001*




oV

% -, H#H # &"'# IS % #

# ## # . 6 # 2
Max Freq  Min Freq Freqg Range  Start Freq End Freq 1stQ 2nd Q 3rd Q Mean Duration  # of Inflec
(kHz) (kHz) (kHz) (kHz) (kHz) Freq (kHz) Freq (kHz) Freq (kHz) Freq (kHz) (s) Pts

Hatteras

Mean 6.31 3.64 2.67 4.14 5.03 4.97 5.27 5.11 5.00 0.48 0.75
St. Dev. 3.47 1.95 244 1.92 321 2.59 2.98 3.07 2.66 0.28 1.10
C.V. (%) 55.0 53.6 91.3 46.4 63.8 52.1 56.6 60.0 53.3 58.2 146.8
Onslow Bay

Mean 8.15 4.82 3.32 5.71 6.54 6.89 6.74 6.52 6.62 0.50 0.73
St. Dev. 3.13 2.52 2.51 2.87 3.48 2.61 2.44 2.59 2.39 0.23 0.81
C.V. (%) 38.4 52.2 75.6 50.3 53.2 37.9 36.2 39.7 36.1 46.2 110.3

Max Slope Min Slope Slope Range Start Slope  End Slope 1stQ Slope 2nd Q Slope 3rd Q Slope Mean Slope Start Slope End Slope

(kHz/s) (kHz/s) (kHz/s) (kHz/s) (kHz/s) (kHz/s) (kHz/s) (kHz/s) (kHz/s) Sign Sign
Hatteras
Mean 35.74 -29.28 65.02 9.28 -1.41 6.30 1.79 -1.87 2.74 0.42 0.17
St. Dev. 35.92 37.48 64.63 16.28 17.98 17.01 17.70 23.89 6.77 0.92 1.00
C.V. (%) 100.5 128.0 99.4 175.5 1277.4 269.9 986.3 1280.2 247.1 220.5 597.9
Onslow Bay
Mean 42.79 -28.31 71.09 14.09 -0.48 3.27 -1.64 -1.14 2.08 0.56 0.12
St. Dev. 37.03 35.79 57.96 25.45 13.74 10.06 9.89 7.66 5.53 0.84 1.00

C.V. (%) 86.6 126.4 81.5 180.7 2878.6 307.8 604.5 670.0 265.2 149.4 824.0
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Delphinus delphis (Eastern Tropical Pacific) 9800 11400 7400 13600 0.8 Oswald et al. 2003
G. macrorhynchus (Caribbean & Tenerife) 7480 8160 5430 9600 0.56 Rendell et al. 1999
G. macrorhynchus (Eastern Tropical Pacific) 4400 5500 3600 6100 0.4 Oswald et al. 2003
G. macrorhynchus (Gulf of Mexico) 4360 5280 3230 6680 0.48 Baron et al. 2008
Globicephala spp. (western North Atlantic) 4350 5160 3430 6260 0.54 Baron et al. 2008
G. macrorhynchus (western North Atlantic) 4860 5730 4190 7160 0.49 Present study
G. griseus (Azores & Stornoway) 12100 10830 8830 13440 0.53 Rendell et al. 1999
S. frontalis (western North Atlantic continental shelf) 9280 12260 7500 14170 0.43 Baron et al. 2008
S. frontalis (western North Atlantic offshore) 9080 13130 7510 15840 0.65 Baron et al. 2008
S. frontalis (South Atlantic) 8850 12760 8040 13580 0.36 Azevedo et al. 2010
S. frontalis (western North Atlantic) 9680 12380 8400 14060 0.34 Present study
S. bredanensis (Eastern Tropical Pacific) 6800 8500 6300 9100 0.6 Oswald et al. 2003
S. bredanensis (western North Atlantic) 5670 7510 5500 7710 0.19 Present study
T. truncatus (western North Atlantic) 11264 10225 7332 16235 1.3 Steiner 1981
T. truncatus (Eastern Tropical Pacific) 11200 9000 7400 17200 1.4 Oswald et al. 2003
T. truncatus (Sado Estuary, Portugal) 5800 12100 5400 15000 0.859 dos Santos et al. 2005
T. truncatus (northern Gulf of Mexico) 10820 11170 7870 16190 0.88 Baron et al. 2008
T. truncatus (western North Atlantic) 10640 12400 8240 15030 0.62 Baron et al. 2008
T. truncatus (western North Atlantic) 9700 11020 7620 17580 1.15 Present study
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Chapter 2: Examination of the species-specificity i n the
clicks of odontocetes in Onslow Bay, North Carolina

2.1 Introduction
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2.2 Methods

2.2.1 Study area and survey platforms
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2.2.2 Data collection
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Chapter 3: Temporal variation in the occurrence of
odontocete click events in Onslow Bay, North Caroli na

3.1 Introduction
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3.2 Methods
3.2.1 Study area
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Chapter 4. Habitat and time of day influence the
occurrence of odontocete vocalizations in Onslow Ba Y,
North Carolina
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% 1), &G #HOS% #
#

# Vocal Daily Vocal Vocal Event
Depth & PU# Events Activity (min) Duration (min)
Shallow PU161 25(125)  39.9(167.3) 16.3 (1 17.6)
Shallow PU163 40(143) 51.7(174.4) 14.3 (124.3)
Shallow Combined 3.2(13.5) 45.8 (170.3) N/A
Medium PU154 41(13.7) 103.5(1146.7) 24.7 (145.6)
Deep PU152 6.5(15.6) 228.4(1255.8) 33.4 (174.6)
Deep PU159 7.8(14.8) 216.2(1189.8) 27.1(157.7)
Deep Combined 7.2(15.2) 222.3(1222.4) 30.0(166.0)
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## L $ |/ ## #
Depth & # days with Mean (+ Standard Deviation) Wilcoxon rank-sum  Significant multiple comparison
Pop-Up ID detections Day Night results test results

Shallow PU161 5 0.4 (+0.4) 3.7 (+4.4) t N/A
Shallow PU163 11 0.2 (+ 0.4) 4.8 (£6.9) p=0.014* Night > Day

Medium PU154 14 2.9 (+6.7) 8.2 (+13.0) p=0.341 N/A
Deep PU159 19 8.1 (£ 22.3) 22.9 (+24.5) p=0.007* Night > Day
Deep PU152 15 5.8 (£ 13.2) 21.7 (£ 23.9) p=0.001* Night > Day
% !!' B # % % ,

&G ' # %
> # ##
Depth & # days with Mean (+ Standard Deviation) Wilcoxon rank-sum  Significant multiple comparison

Pop-Up ID detections Day Night results test results

Shallow PU161 16 2.3 (+3.5) 4.9 (+7.5) p=0.393 N/A

Shallow PU163 15 3.0 (£ 4.9) 6.0 (£7.8) p=0.261 N/A

Medium PU154 15 6.5 (+9.3) 9.5 (+ 13.6) p=0.868 N/A
Deep PU159 19 8.1 (+10.5) 17.7 (+ 20.4) p=0.034* Night > Day

Deep PU152 18 13.1 (+21.1)  17.9 (+ 22.0) p=0.350 N/A
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Chapter 5: Temporal patterns in the occurrence of
mysticete calls in Onslow Bay, North Carolina
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5.3 Results

5.3.1 Fin whale 20-Hz pulses
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5.3.2 Downsweeps

% ’

$

$

$

%

7€

0:@

&' # $
= &' ##
#
$ | %
"$

% 0/@30 AA30! 7=

%

A/



"$ 7= A083 " % ! 2 %,

! $" % % $ % "% % $
" "7= A831 N &"'O0" $ "%
% , $" 2 %, ™ "D 4 H/3/AA< 1
.@83 1 4 % $ " $ A3BC7K/3E68 "7H
00C'.: % % "$ 6: % % "$ ".0%
%% "$ 83 $ 4 % " "
TABA/K/3?@ "8 " "t $ 7A360 K030B "8%
$ " %% % 7" D 4
/3A0?< HOA'0 % % "$ "0.% % "$ 83
# % "$ %" ! # @
6>+ 0: /735 % "% % " $ s %
o4 JIC " " " %# AIC "
"4+ JO/ """ 4= 10/3 = %% "$
oo ! "4/ 0/3 = AA
%" % % 141 $ 3

0:6



7¢

7€
7¢
+) $ # &' &%
&' & /0!'%$ *0@ : '
% 10 , % # & 'O +53
& 04 #3 # $ 43# % # $ Ol# $
#HH# $ " # H## # : #
& 318 S# 2 2
# 2 $ $$# 2 2 # 2
0: 0AE 0AE 0AE 0AE o 0AE
I3, ) / )3l- / 33/ 3/
I @ ) 4 ) +) +- +) I3 ))
/C/ 0D -+ +) 1 J- N 3/ 14

0:?



7€

7¢

= &%'

#
%

7 E

0:C

& 1

H#

%

$



+1 $#0 P /0!'$ *0@
% 13, % #0O0 P % # &
#3 # $ +#3% # #3$ ##
$ " HoOH# # $ $3
# 2 2 # 2
0: 0AE 0AE 0AE 0AE o 0AE
/+3 I+ I, )14 3, ] N4
I @ ) ), 4/ ) 4/ -3 /3
;/C/ 0D /4 J+ ;/ 44 : / )+

0B/



7€

7¢

5.3.3 Pulse trains
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5.3.4 Humpback whale calls
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General conclusion

Passive acoustics as a monitoring tool for marine m ammals
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Appendix A: Daily occurrence and duration of click
events for Risso's dolphins, sperm whales, Kogia spp. ,

and other delphinids
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