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The worldwide rise in both maritime traffic and vessel speed is increasing the risk of cetacean mortality due to collisions with ships (Laist et al. 
2001). This is exemplified in the Canary Islands, where the rate of sperm whales stranded with signs of collision averages two per year since fast 
ferries started working in the archipelago in 1999 (Aguilar Soto et al. 2001, Carrillo & Ritter 2010). To assess if this rate of ship-strikes is sustainable it 
is important to estimate the population size of sperm whales in the area. The powerful echolocation clicks of this species are especially suitable for 
acoustic detection and localisation, allowing us to perform an acoustic line-transect survey following Distance methods (Buckland et al. 1993). The 
results of the survey confirm that shipping and ferry routes overlap in the archipelago with prime areas of distribution of sperm whales and indicate 
that ship strikes may have a population-level impact on sperm whales in the Canary Islands. 

The survey transects (3122 
km) were designed with 
Distance to cover the shelf 
edge of the islands and up to 
30 km offshore.  

The study area included the 
abyssal plain and two sets of 
Seamounts currently proposed 
for protection as  Nature 2000 
areas, summing up 53749 km2 

The survey totalised 416 hours of 
acoustic effort, covering 4565 km, of 
which 2696 km followed the 
designed track-lines. 

Sperm whales were detected acoustically using a two-element 
hydrophone array (Ecologic-UK) towed at 13 km/h and ~12m depth. 
Acoustic data were sampled at 96 kHz and high-pass filtered to 
reduce engine and water flow noise. 

ACOUSTIC DATA ACQUISITION 

SURVEY DESIGN 

ACOUSTIC DATA ANALYSIS 

RainbowClick software (IFAW) 
was used as an automatic click 
detector and classificator. Here, 
the clicks of individual sperm 
whales appear as sequences of 
regularly spaced clicks on a 
bearing that changes slowly 
with time as the vessel passes 
the animals. Click trains were 
identified manually and grouped 
into ‘events’, representing 
different individuals. 

Click Train Identification 

Tracking 

TIME BUDGET 

The probability of detecting a whale acoustically depends on the signal output of 
the whale, but also on its temporal pattern of vocalization. To estimate the 
fraction of time that sperm whales spend clicking (blue) or in silence (green & 
red) we used data from acoustic and movement tags (D-Tag, Johnson & Tyack 
2003) deployed on seven sperm whales off the Azores. Results were applied to 
estimate g(0) following the method described by Barlow et al. (in press.).  

A tracking algorithm, 
implemented in Matlab 6.5, 
was used to calculate the most 
probable position of each 
whale and its perpendicular 
distance to the track-line using 
triangulation; 127 sperm 
whales were found with 
sufficiently long click trains to 
provide a perpendicular 
distance from the track, at 
distances of up to 35 km. 

The Potential Biological Removal (PBR) method (Wade 1998) was used 
to assess the sustainability of the mortality of sperm whales due to ship 
strikes, given the population size estimated in the Archipelago.  

ACOUSTIC SURVEY g(o) ESTIMATION 

Acoustic detections were 
truncated at 10 km and the 
detection function was fitted to 
the remaining 122 sperm whale 
detections The strip width was 
estimated as ESW=4387 m (95% CI 
3758-5122).  

This ESW is half of that estimated in previous surveys for sperm whales, 
most probably due to masking from the high noise level from our own 
vessel. 
Applying Distance analysis and assuming g(0)=1, sperm whale 
population size around the Canary Islands was estimated as N=277 (95% 
CI 148-518).  

ABUNDANCE ESTIMATION 

POTENTIAL MORTALITY LIMITS 

PBR=Nmin x 0.5 Rmax x RF= 0.6 whales /yr 

Nmin = 20th percentile of a log-normal abundance estimation distribution  
Rmax (maximum rate of population increase ) = 0.011 (Whitehead 2002)  
RF (recovery factor)  = 0.5 (Wade 1998)  

For each sperm whale the 
fraction of time during which 
they are not acoustically 
detectable (green & red) was 
smaller than the time window 
during which they can be 
acoustically detected. Thus, the 
assumption g(0)=1 was 
accepted for the Distance  

analysis. The time window (w) was derived from the  effective strip width 
(ESW) and vessel speed (v) as follows: w=2*ESW/v.  

Our findings strongly suggest that the population of sperm 
whales in the Canary Islands should be monitored, and that it is 
timely to apply mitigation measures to reduce the rate of ship 
strikes of this species in order to preserve the local population in 
the Archipelago. 
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