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Fish vertical distribution and marine mammal co-occurrence off Cape Hatteras, NC 
Rachael Aber1 and John K. Horne2 

1Department of Environmental Studies, University of Portland        2School of Aquatic and Fishery Sciences, University of Washington 

Discussion: 
- The fish and zooplankton density index Sv (-90 dB) was 
significantly correlated with the fish density index Sv (-70dB). Fish 
distribution indices CM (-70dB), I (-70dB), IA (-70dB) were 
correlated with the fish and zooplankton density index Sv (-90dB) 
at the 6-hour resolution. 
- There were fewer than expected (2/7 daily resolution; 1/7 6-
hourly resolution) significant correlations between the number of 
marine mammal occurrences and the potential prey field density. 
There were no significant distributional correlations when there 
were significant density correlations. 
- At both resolutions, Cuvier’s and Gervais’ beaked whales and 
Sperm whales were correlated with salinity and/or water 
temperature. 
-Further research is necessary to determine whether metrics of 
preyfield density influence the occurrence and potential foraging of 
Odontocete marine mammals. 

 Acknowledgements: 
Joint Institute for the Study of the Atmosphere and Ocean, Silvana González (School of Aquatic and 
Fishery Sciences).  

Introduction: 
Mesopelagic (mid-water) fish are important components 
of toothed whale (Odontocete) diets. Few studies have 
simultaneous measurements of predator occurrence and  
potential prey density distributions over long durations.  
Echoshounder and hydrophone measurements were used 
to characterize vertical distributions of potential prey and 
relative abundance of 7 marine mammal groups in the 
water column off Cape Hatteras, NC. Co-occurrence of the 
two groups was used as an index of predator-prey 
interaction. 

 

Echogram with -70 dB threshold. Data spans from March 9-August 31, 2016. Echograms from both transducers (one facing upwards, one facing downwards) are displayed. A resample variable was used to generate mean value of every 20 pings. 
 

Figure 3. Four metrics plotted as 6-hourly averages visualized as a 
function of Julian day.  

Methods: 
Passive acoustic data 
Data was collected from a HARP 
(High-frequency Acoustic 
Recording Package) (Fig. 1). Counts 
of vocalization occurrences were 
supplied by Dr. Doug Nowacek, 
Duke University. Counts were 
separated into species groups and 
binned in 4 tidal categories using 
NOAA’s  TEC2789 tide station. 
 
Active acoustic data  
Data was collected using a 70 kHz 
WBAT echosounder on the Duke 
mooring (Fig. 2a,b). Upward and 
downward looking  channels were 
calibrated using a calibration 
sphere and theoretical 
measurements. Data quality 
control and export was completed 
in Echoview. Fish density 
distribution data was characterized 
using four metrics (Table 1). 

Quantity Metric Formula 

Density Mean volume-
backscattering strength 

10 × 𝑙𝑜𝑔10(
 𝑠𝑣 𝑧 𝑑𝑧

𝐻
) 

Location Center of mass 
 

 𝑧 𝑠𝑣 𝑧 𝑑𝑧

 𝑠𝑣 𝑧 𝑑𝑧
 

Dispersion Inertia  𝐶𝑀 − 𝑧 2𝑠𝑣 𝑧 𝑑𝑧

 𝑠𝑣 𝑧 𝑑𝑧
 

Patchiness Aggregation index  𝑠𝑣(𝑧)
2𝑑𝑧

( 𝑠𝑣 𝑧  𝑑𝑧 )2
 

Fig. 1. Diagram of the HARP 
(source: Wiggins and 
Hildebrand, Scripps 
Institution of 
Oceanography). 

Fig. 2A. Upward facing 
transducer mounted on the 
top of the mooring sphere.  

Fig. 2B. The Duke Wizard 
deployed off Cape Hatteras. 

Analysis: 
Table 1. Four metrics used to characterize vertical distribution of fish. 

Table 2. Correlation matrix of fish 
densities and marine mammal 
occurrences with fish density 
distribution metrics and 
environmental variables at daily 
resolutions. 

Table 3. Correlation matrix of fish 
densities and marine mammal 
occurrences with fish density 
distribution metrics and 
environmental variables at 6-hr 
resolutions. 

 

Figure 4. Number of Odontocete vocalization occurrences per approximately 6-hour 
tidal bin visualized as a function of Julian day.  

Objective: 
Characterize potential predator-prey 
interactions  by comparing passive 
and active acoustic data.  

 

Data Synthesis: 

Depth: 

200 m  
 
300 m 
 
400 m 
 
500 m 
 
600 m 
 
700 m 
 
800 m 
 
900 m 
 

Upward 
channel 

Downward 
channel 

Bin v. Risso’s dolphin  counts 
Bin v. BW31 counts 
Bin v. Gervais’ beaked whale counts 
Bin v. Sperm whale counts 
Bin v. Cuvier’s beaked whale counts 
Bin v. Kogia species counts  

 
Yellow: 
p<0.05 

Orange: 
p<0.005 

Red: 
p<0.0005 

Ii' ~\ ' 
I 
' _, 

' I ' J I " :,-, ·1 

~-l!----f-----f-t------+--'-+ - , + - t-f.=---t---'1~-c· J-c--+---r--'-o---j--c-----,-,--++lf-,,,-if+ + -c-+·,,,---\- d --------,--c--h ---\'\,:--+c-------~-'--'.------+"'' -+--c-----+---------c------J-c--~--c-r---:----+-cc- l=c--t---~ ~---\iit,f-cc'-l--h~ ---+ h -t-- -c,-th ----~c-------,,, 
, ' • ' lo I ' / I ' f,, I 

·' ' 
' I' // ~ l1 I ' .. r T . , ,.,,,, ', , 

' 
f', • ,, ·~ 
' 

' " ' ' I ! .'11 • ' I 
,, 

CUJ J 

"' -'-•-'-•-'-
:0) 

;:oc 

nc . 

+-----t------+--~--+-----+--+-----+------+------+-----+-----+--------u, 

Hydrophone 
Flolstion 

HydrophOne on 
Vibration lsalalors 

-10m above seafloof 

HARP Seanoor Packaga 

-1 .Sm I -1 .Srn I -1.Sm 
- 200 kg dfY weight 

Dale Logger 
Pre!.Sunt Case 

Bauery 
Preuure Casa 

450 r) 1 Depth 

©­
©-

©-

@--

@-­

®­
@-

4x@­

@-

• 

64" $ )11\~Clle S phef(I (2,;00 lb b;,:r,Mcy) 
-.,1\h WllAT I Mlor<>CAT e,,d Kl.0 

~ m a;,· M«>rlr.g c n~ln 
3 t<,n 5',,11-,~ 

0·1 m 114" Jac. ~11. 1'11n1<oi:,, 

0,5 m 1/2" MOO-lt'IQI Cha~1 

LongR3nge< ADCf' I MICroCA I In FrarM (Looking Up) 

LongRru!ge, ADC!' / MlcroCAT In Fr3me (Looking °"""h) 

JOO m 11A" J oc.. NII. Wlmrcp,, 

50 m 114" Jae.NII. l'llr~"'P'i' 

20 m 114" .i..c,Ni, l'limmpa 

&.2 m 114" J~~.NII. Wlre<,:,pe 

:z m 117 Mo orl'l o Cha in 

6 Sels ot (4 ) 1r Gl"5Sb8IS on ,rr M[JC~"ll Chain 

I set ol {2 ) I 7" GJassb,41',; on 112" Moorl"ll CnaJn 

5 rn 112" Moorln~ Chai~ 

5 m 112" Mom~\! Cha i" 

◄ COD lb Ww Mctier 

,,,,,- "" '' ,,,.,,- , 

£ -40 -a, 
C: 

"' L -50 -fJ) 

a, 
C: -60 ·c 
"' -

:t:::l 
~ 

' "' E 0 -70 (/) 
.Y. 

~ 

0 OJ 

"' 
L 

[D [D -80 
' D 

"' -E 
:::, -90 
> 
C 

"' "' 70 2 

60 
(/) 
(/) 

"' 2 - 50 - 2 0 -<D 
L -C: 

40 <D 
0 

30 

20 

500 

400 

300 
ru N­
.t I 

w E 200 
<: -

<: 
0 

·.;ca 

"' 

100 

0 

0_5 

0.4 

:is' ~ 0.3 
L ~ 

a, ' 

~ E, -0 

>< 
(I) 

D 
<: 

0-2 

o_ 1 

DO 

' 'i ' ,. 
' " "" 

Average 

80 100 

80 100 

80 100 

80 100 

. ' ./ '\ 

Mean Volume-Backscattering Strength v. 

120 140 160 180 200 
Day of Year 

Average Centre of Mass v. Time 

120 140 160 180 200 
Day of Year 

Average Inertia v. Time 

120 140 160 
Day of Year 

180 200 

Average Index of Aggregation v. Time 

120 140 160 180 200 
Day of Year 

i ,,,, q, 

--"""''°"'' rn,nc.- nc.- " ,nm 

_(),: 

Time 

220 240 

220 240 

220 240 

220 240 

\i 
,I 

om·-

cu,v.-' , 
bukedwh.ale 

Sp•rm whal • 

~rv.ii.,' 

buked wh.ale 

"'""' ~olph:in 

8W3 t 

Od nnt<><H" 

0.088:l 

( 03 28) 

OJ19 

(0,0142) 

0,0771 

(03 9]) 

0.106 

(O.H9) 

-0 .1 43 

(0.111) 

0.\ 88 

(0,0~l) 

0.1.'iO 

C 
[I] 

ro 
TI 

f-
~ 

"' Q. 

"' "' ~ 
'" != 
::, 
'-' 
'-' 
0 

C0~- 70dB) 

0.0184 

-(0.7~ ) 

O.B 2 

(0.142) 

0.00%8 

(0.~15) 

-0,099'(1 

-(0:!72) 

0.00;l5 

-(0.9~2) 

-0.!06 

(0.0'210) 

0.0556 

-(0.~J3) 

0.0~6J 

·, .' 

I 
i c' 

12 -,-;:=========------,=~=--=-=--=-=---:-:----;,;;=::------------~ Occurrences v. Time 

10 

8 

6 

4 

2 

O+------~------~------~-------~------~------~~ 
120 140 160 180 200 220 240 

Day of Year 

In ertia 1.4 ( -70 d B) 5alin-il].• 
( -70 dB) IA (-70 J B) 5Hl<u<ty Tewp rnduec 

- 0.191 -0.0335 -0.00JS -0,0567 .,~ -0.1>22, -O.fi,1.12 

( 0,0J 26) (0.71 0) (0.795) -(0.SJO) (0 .!1111564) (0.6J.I) {0..336) 

- 0,189 0.156 -0.002] 0.004% 0.465 -0..?96 -0.0572 -0.151 0.135 0. 125 

(0.03-16) (0,0828) (0.805) ( 0.9511) (0. 110) (0.3H) (0.S53) (0.622) (0 ,661) {0.685) 

--0.162 0,09-W 0.-0tsi O.D:274 -0.0254 -0.089? 0.]6~ 0.031)5 O.ll4 0. 126 
UJv< e.-' , 

(0.0714) (0.295) (0.1162) ( 0. 762) b eaked .,,t,a l~ (0.6f0) (O.IJS) (0,01)5:!2) (0.616) (0.0599) (0.(ff18) 

0-04~8 ,.,.. o~~? ,.,.. 
D.D955 -0.00125 -O.D!IJ8 -0.0253 -0. 111; ... 191 

5peem ;,.i,al e 
(0.6W) (0.00153) {0.00665) ,._,., 

(0. D~) (O .m) (0.191) (0.~93) (0.00192) (t. llt268) 

-0.0600 -0.0380 -0 .1 71 -0.!0S D.03 02 0.0371 -ll.0747 -0.01S2 11.10. 0.1 ~9 
Gervais ' 

(0,507) (0.674) ( 0,0560) (0.0100) b e<1~ed .,,fi a le (0.6JS) (O. ~W) (0.318) (0. 8.39) (0.0IMII) (0.0108) 

0,051,1 0.0519 0.0598 0.01157 0.1.W 0.0601 -0.122 0.?47 0.2S7 O.! ~O 
Rim¼ 

(0,554) (0.55aJ (0.508) {0.J42) dolph ;n (0.259) (0.6211) {0 .322) (0 .04!2) ( O.Oli;"J (l>.0166) 

O.o:!(>7 0.10~ O.\ Bt O.M "·"" "·"" 0.000 0. 000 0.000 0.000 
BWH 

(0,76i) (0.227) (0, 039~ {0..? ~2) H (-) H (-) (-) H 

-0.fr.~9 -OJIH S -0,149 --0.129 0.1~ -o.o:m -0.02"!7 O.OB? -0.0408 -0.00!67 


	University of Portland
	Pilot Scholars
	Fall 2018

	Fish vertical distribution and marine mammal co-occurrence off Cape Hatteras, NC
	Rachael Aber
	John K. Horne
	Citation: Pilot Scholars Version (Modified MLA Style)


	PowerPoint Presentation

