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Are	  alarms	  effec,ve?	  
Empirical	  tes,ng	  of	  alarms	  

)	  	  
1)  Inves.gate	  the	  effec.veness	  of	  the	  commercially	  available	  3	  kHz	  

Fumunda	  F3™	  whale	  alarm	  on	  humpback	  whale	  movements.	  	  

2)  Inves.gate	  the	  effec.veness	  of	  a	  louder	  Future	  Oceans	  F3™	  whale	  alarm	  
tone	  

	  
3)  Inves.gate	  the	  effec.veness	  of	  a	  2-‐2.1kHz	  swept	  tone	  



Methods	  

Wayne	  Reynolds	  

Cape	  Solander,	  
Sydney	  

•  Focal	  follows-‐	  Record	  spa.al	  informa.on,	  behaviour	  
and	  direc.on	  

•  15	  minute	  sample	  scan	  for	  vessels	  



Study	  Site:	  Cape	  Solander,	  Kamay	  Botany	  
Bay	  Na,onal	  Park,	  Sydney,	  Australia	  	  



	  
Inves,gate	  the	  effec,veness	  of	  the	  commercially	  available	  
3	  kHz	  Fumunda	  F3™	  whale	  alarm	  on	  humpback	  whale	  

movements.	  	  

Aims	  2012	  
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Whale	  alarm	  mooring	  
Whale	  alarm	  mooring	  -‐	  subsurface	  float	  

1.5km	  



•  Two	  recordings	  loca,ons:	  
-‐  In	  situ	  Cape	  Solander	  	  
-‐  Cronulla	  Fisheries	  Wharf,	  
GunnamaUa	  Bay	  

-‐  HTI	  554036	  hydrophone	  -‐
M-‐Audio	  Micro	  Track	  24/96	  
Digital	  Recorder.	  	  	  

•  Source	  level	  from	  1	  meter	  
of	  the	  alarm	  

•  Floated	  over	  the	  site	  on	  a	  
2km	  by	  2km	  grid	  

Range	  Detectability	  	  
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•  Whale	  alarm	  detectable	  
at	  250	  meters	  

	  

Range	  Detectability	  

Substrate	  

Surface	  

250m	  	  



•  Whale	  as	  a	  subject	  effect	  
	  

	  Generalised	  Linear	  Mixed	  Model	  

Response	  
variables	  

Course	  heading	  
(degrees	  from	  

north)	  	  

Sequen,al	  change	  
in	  course	  (degrees	  

from	  north)	  
	  

Dive	  dura,on	  
(mins)	  

Velocity	  
(metres	  per	  
second)	  	  

•  Source	  variables:	  	  
alarm	  off	  or	  on	  and	  
proximity	  to	  alarm	  	  	  



2012	  

	  n=	  137	  	  
	  

Total	  surface	  ,me	  (min)	  
no	  difference	  

	  (P=0.094;	  F=	  7.709)	  

	  
Dive	  dura,on	  (min)	  

no	  difference	  
(P=	  0.760;	  F=	  0.094)	  

	  
Blow	  rate	  (per	  min)	  	  

no	  difference	  
(P=	  0.216;	  T=2.056)	  

*Within	  500m	  OFF	  v	  ON	  

	  2012:	  Commercial	  Alarm	  (Harcourt	  et	  al.	  2014)	  

2012	  

Range	  detectability:	  500m	  via	  in	  situ	  measurements	  	  

Output	  level	  specified	  by	  the	  manufacturer	  is	  135	  dB	  re	  1	  μPa.	  	  
Erbe	  et	  al	  (2011)	  found	  on	  average,	  levels	  were	  less	  (98	  ±	  7	  up	  to	  118	  ±	  3	  dB	  re	  1	  μPa2/Hz	  
@	  1	  m	  for	  the	  	  fundamentals	  of	  three	  F3	  whale	  alarms	  tested).	  	  

2012	  



•  The	  direc,on	  that	  whales	  
were	  heading	  changed	  with	  
loca,on	  (F2,702=7.709,	  p	  <	  
0.05)	  

•  But	  there	  was	  no	  effect	  of	  
the	  alarm	  (F1,702	  =0.961p	  >	  
0.05)	  or	  any	  	  interac,on	  of	  
alarm	  and	  loca,on	  (F2,702=.
501,	  p	  >	  0.05).	  	  

•  This	  suggests	  the	  changes	  
were	  due	  to	  something	  
other	  than	  the	  alarm	  such	  
as	  the	  coastline	  

	  Course	  heading	  
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•  Whales	  did	  not	  make	  
direc,onal	  changes	  in	  
response	  to	  the	  alarm	  
F1,702=.224,	  p	  >	  0.05,	  or	  
in	  response	  to	  their	  
loca,on	  with	  respect	  to	  
the	  alarm	  F2,702=.063,	  p	  >	  
0.05	  	  

Sequen,al	  change	  in	  course	  
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•  Dive	  dura,on	  did	  not	  vary	  
with	  alarm	  on	  and	  off,	  F1,702=.
094,	  p	  >	  0.05	  	  

	  
•  Dive	  dura,on	  differed	  among	  

the	  three	  areas	  F2,702=	  4.633,	  p	  
<	  0.05	  but	  this	  difference	  was	  
not	  due	  to	  the	  alarm	  	  

	  
•  Whales	  dived	  for	  longer	  in	  the	  

area	  aner	  they	  had	  passed	  the	  
alarm	  which	  may	  be	  a	  
topological	  effect	  

Dive	  dura,on	  

0	  

0.5	  

1	  

1.5	  

2	  

2.5	  

off	   on	   off	   on	   off	   on	  

before	   before	   during	   during	   aner	   aner	  

M
ea
n	  
Di
ve
	  D
ur
a.

on
	  (m

in
s)
	  

Dive	  dura.on	  

Before	   During	   Aner	  



Why	  is	  there	  no	  apparent	  effect?	  
	  

1)  Ambient	  noise	  (Sound	  
propaga,on?)	  

	  
2)  Alarm	  power	  
	  
3)  Indifferent	  to	  the	  tone	  	  	  	  

Alarms	  (Harcourt	  et	  al.	  2014)	  
	  

?	  



•  Ambient	  noise	  (Effects	  on	  
sound	  propaga,on?)	  	  

	  
•  Alarm	  power	  (baUery	  level)	  

•  Whales	  cannot	  hear	  or	  are	  
indifferent	  to	  the	  tone	  	  	  	  

Why	  no	  apparent	  effect?	  
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U
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ck
s	  

Alarm	  played	  for	  11	  hours	  /	  day	  :	  
1.  T1:	  Future	  Oceans	  F3™	  Tone	  
2.  T2:	  Cato	  tone	  (Dunlop.	  et	  al	  2013)	  
3.  C:	  Control	  ‘no	  tone’ 	  

Experiment	  2:	  Whale	  alarm	  on	  steroids	  	  

Amplifier	  

iPod	  Nano	  

1	  
m
	  Acous.c	  characterisa.on	  of	  tones	  

Emission	  dura,on:	  
400m/s	  

Future	  Oceans	  
3kHz	  

(135	  dB	  re	  1	  μPa	  Future	  Oceans)	  

Cato	  tone	  
2-‐2.1kHz	  

Emission	  dura,on:	  
1.5sec	  

(148	  to	  153	  dB	  re	  1	  μPa	  Dunlop	  et	  al.	  2013)	  



n=	  57	  

	  2013:	  Tone	  comparison	  

Range	  detectability:	  1000m	  via	  in	  situ	  measurements	  	  

All	  surfacing's	  beyond	  4km	  excluded	  

n=23	  
n=28	  

2-‐2.1kHz	  tone	  



n=108	  

Dive	  dura,on	  (min)	  
no	  difference	  

(2kHz:	  P=	  0.073;	  F=	  -‐1.793)	  
(3kHz:	  P=	  0.371;	  F=	  -‐0.894)	  

Speed	  (m/sec)	  
no	  difference	  	  

(2kHz:	  P=	  0.298;	  T=	  -‐1.044)	  
(3kHz:	  P=	  0.618;	  F=	  -‐0.498)	  

	  

Course	  from	  north	  (degrees)	  
no	  difference	  

(2kHz:	  P=	  0.449;	  T=	  -‐0.76)	  
(3kHz:	  P=	  0.652;	  F=	  -‐0.452)	  	  

Absolute	  course	  change	  (degrees)	  	  	  
no	  difference	  

(2kHz:	  P=	  0.061;	  T=	  -‐1.90)	  
(3kHz:	  P=	  0.185;	  F=	  -‐1.33)	  

	  

2013	  
	  2013:	  Tone	  comparison	  



Alarms	  2	  
	  



Robert	  Harcourt	  

Robert	  Harcourt	  

The	  need	  for	  alterna,ve	  approaches	  



Is	  entanglement	  a	  conserva,on	  issue?	  



YES	  
Southern	  right	  whales	  (Vulnerable)	  



Oz	  southern	  right	  whales	  are	  different	  
stocks:	  SE	  Australia	  par,cularly	  

vulnerable	  (Ne	  ~50)	  



South	  east	  Oz	  including	  pots…..	  



*  Review	  the	  spa,al	  loca,on	  and	  intensity	  of	  TEPS	  entanglement	  
in	  Australia	  	  

*  Iden,fy	  hotspots	  of	  risk	  for	  endangered	  and	  migratory	  species	  
*  Spa,al	  closures	  proven	  effec,ve	  for	  Dugong	  in	  northern	  
Australia	  	  

Spa,al	  closures/	  fisheries	  
modifica,ons	  approach	  



*  Develop	  a	  risk	  mi,ga,on	  strategy	  using	  a	  cost-‐benefit	  analysis	  
(TEPS	  vs	  Fishery)	  

*  Extensive	  experience	  of	  acous,c	  releases	  for	  Australia’s	  animal	  
tracking	  program	  (IMOS	  Animal	  Tracking)	  

*  Implement	  for	  high	  risk	  areas?	  (see	  Liggins	  &	  Wesley	  1330)	  
needs	  further	  C/B	  

Spa,al	  closures/	  fisheries	  
modifica,ons	  approach	  
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