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Departamento de Estad́ıstica e Investigación Operativa

Universidad de Valladolid, C/Doctor Mergelina S/n

Valladolid (47005), Spain

E-mail: mcruz@eio.uva.es

Prieto González, Roćıo
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1. Summary

Knowing the size of the population of blue whales is very important from the point of view of

marine biology. Blue whale is a species endangered since 1967 as its population has been dramatically

reduced. Traditionally the estimation of the size of cetacean population has relied on visual surveys.

However, visual observation is related to meteorological conditions and sometimes, in some areas,

this is not possible. The addition of acoustic monitoring can help to asset the size of the population

in an area. In this paper we analyzed the data of BMi calls (Antarctic blue whales) registered on

one hydrophone located in the North of the Crozet islands which covers a recording surface of 47123

m2. Data from May 2003 to April 2004 were studied and modified to obtain the number of calls per

hour. The number of calls was modeled as a random process depending on the number of whales in

the area and on the number of calls from a single whale in one hour. Supposing that the number of

whales in the area is a discrete random variable with unknown distribution, a Poisson distribution

was considered a priori and a model was developed to estimate the parameters by likelihood methods.

Then, we calculated the distribution a posteriori and obtained a distribution of the number of whales

in the area. R language was used to implement these methods.

2. Introduction

On this paper, a method of population assessment based on acoustic techniques is applied

to the study of the abundance of Antarctic Blue whales using a hydrophone located off the Crozet
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Archipelago, in the southern Indian Ocean. An area where so few blue whales have been seen that their

density has not been previously estimated. F. Samaran showed in her PhD that Antarctic blue whales

were present around Crozet island during the whole year. The question is how many individuals are

there, and how the population size is changing from one year to another. This information is crucial

to know if this species will disappear and in such a case when it would hapen. Cetaceans live at

low density over large areas of ocean. All species of large cetaceans in the open ocean are currently

considered endangered and are protected by law. Knowing the population size is fundamental from

the point of view of marine biology/ecology because blue whale is a specie endangered since 1967. It is

estimated that its population has been reduced to 0.15% of the initial population and nowadays there

are about 3000 individuals in the Austral Ocean. However, cetacean species are hard to survey, since

they spend almost all of their time underwater. Currently, the main method for obtaining estimates

of density are based on Distance Sampling theory (DS) (Buckland et al. 2001). This method is based

on visual line transect surveys, and recently has been applied to their vocalizations collected from

fixed passive acoustic sensors. DS gives a punctual estimation of the density based on a probability

of detection,that is calculated using the distances at which, one whale is seen or it is recorded. This

method needs to know the value of the sensitive parameter, call rate. In the case of blue whale,

it is very hard to know the call rate with precision. Maybe this call rate is changing a little bit

from one individual to another and it is possible that this call rate is different from one month to

another. Marques et al.(2009) used acoustic tag to know exactly the call rate of a single beaked whale

individual. This approach it is not possible for Antarctic Blue whale because until now,no one has

been able to find one individual to put one acoustic tag on his back. The object of this paper is to

increase the repertoire of tools available for estimating species abundance. To date,it has been tried

another two approach. The first tries to find an acoustic individual signature, but nobody knows how

we can do that, the second is DS, mentioned above. We present a model for estimating the number

of whales in the area based on the number of the recorded calls in the area.We suppose that the

number of whales in the area is a discrete random variable with unknown distribution, and that the

number of calls from a single whale is a Poisson variable. We supposed independence between calls

of every whale in the area. To estimate the distribution of the number of whales, we introduced a

Poisson distribution as a non-informative a priori distribution. Based on this distribution, a posteriori

distribution was calculated and used to estimate the abundance of Antarctic blue whales. So, we

present a new framework for estimating cetacean density from data obtained by fixed passive acoustic

detectors. We think that it might be used under considerably different scenarios, with appropriate

modifications that are also discussed.

3. Materials and methods

The data set was recorded from January to March 2004 at a station located in the South-western

Indian Ocean (Crozet Islands - 4651’S-5153’E)(fig.1). The station is moored in the International Mon-

itoring System (IMS) and support the Comprehensive Nuclear Test-Ban Treaty (CTBT). The station

was designed to control nuclear tests in the ocean, but other sounds were found in the recordings,

sounds that were analyzed to found that they were produced by large whales. Large whales spend

much of their lives in pelagic environments, so it is not easy to estimate the abundance by traditional

means. The Austral Ocean does not offer good climatic conditions to go and register the number of

blue whales seen. So although the main objective was not register whales sounds, Blue whales calls

were detected as a valious secondary product. There were two arrays of three instruments, each one
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located in the Northern and Southern coasts of Possession Island. The instruments were deployed

on the seafloor at a depth between 1100 and 1500 meters in a triangular configuration (triad) with

approximately 2 km spacing. The two arrays were located on opposite sides of the island and spaced

60 km apart. The hydrophones were suspended near the sound channel axis (SOFAR) at a depth of

approximately 300 m. In this area of the ocean, the speed of propagation of sound waves is minimal,

making that the ocean behaves at these depths as a wave guide. The hydrophones monitored sound

continuously, 24 hours a day, 7 days a week. The acoustic data from each hydrophone were analyzed

to check for the presence of calls typically associated with Antarctic and Pygmy Blue whales. An

automatic detection method for both call types was designed (Samaran et al. 2008). This method

was used to detect both blue whale calls with a Signal to- Noise Ratio (SNR) up to -15 dB in the

bandwidth 17-30 Hz for BMi calls and bandwidth 17-50 Hz for BMb calls. We analyzed BMi calls

(Antarctic blue whales) of only one hydrophone located in the North of the island which covers a

recording surface of 47123 m2. Recording began in may 2003 and finalized in April 2004. Although

the hydrophone registered continuously, we have a gap of data due to technical incidents. We have

used the R language to aggregate data to obtain the number of calls in every hour. After we have

applied the model to these data to estimate the density of Antarctic blue whales in the area.

4. The model

Assessing the size of cetacean populations in the open ocean has traditionally relied on visual

surveys alone. The addition of acoustic monitoring can complement these surveys if reliable protocols

can be formulated and calibrated with visual techniques. Nowadays we do not known how to assign an

individual acoustic signature to every whale. Distance Sampling is the only method for estimating the

size of cetacean populations that has been adapted to the acoustic (Thomas et al. 2002) . This method

use a punctual estimation of the density adding a probability of detection based on the distribution

of observed detection distances.It require additional information like the probability of detecting calls

and the rate at which animals produce it. To obtain estimation of this rate, (Marques et al. 2009)

proposed to use specific tag including sensors attached on the back of the beaked whales. However,

it is not possible to generalize this approach for different cases, especially when the individuals are

not reachable. In the case presented, visual observation was not possible and the knowledge of these

parameters neither, so a model is presented to estimate Antarctic blue whale population based on

near-continuous recording from a single hydrophone as a new alternative method.

Let N(t, s) be the number of calls in the surface s in a interval of time t the observed process

B(s) the number of whales in the area s

C(t) the number of registered calls for whale in the time interval t

We suppose that the unobserved variable B(s) follows a discrete distribution with values from 0 to

b with probabilities Pi and the unobserved process C(t) is a Poisson process of intensity µ. The

distribution of N(t, s) is calculated by conventional methods.

P
(
N(t, s) = k

)
=

b∑
i=0

e−µit
(µit)k

k!
Pi

Our goal is to estimate the distribution of B(s), by bayesian methods.

So, we introduce a Poisson distribution of intensity λ as a priori distribution of B(s). And we develop
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the distribution of the number of calls N(t, s) in two etapes.

P
(
N(t, s) = k

/
B(s) = i

)
= P

(
C1(t) + . . .+ Ci(t)

)
= e−µit

(µit)k

k!

P
(
N(t, s) = k

)
=

∞∑
i=0

e−λs
(λs)i

i!
e−µit

(µit)k

k!

We estimate the value of the parameters λ et µ by the maximum likelihood method.

Given n observations, N1(t, s), N2(t, s), . . . , Nn(t, s)

x1, x2, . . . , xn

LN (λ, µ) = P
(
N1(t, s) = x1, . . . , Nn(t, s) = xn

)
=

n∏
j=1

( ∞∑
i=1

e−λs
(λs)i

i!
e−µit

(µit)xj

xj !

)
We find the estimators λ̂MVE , µ̂MVE . In this way , we have a estimate distribution of the number of

calls produced and we use it to estimate a posteriori distribution of the number the whales B(s) ∀ t

P
(
B(s) = i

/
N(t, s) = k

)
=

e−µit
(µit)k

k!

(λs)i

i!∑ (λs)j

j!
e−µjt

(µjt)k

k!

∝ e−µit ik
(λs)i

i!

Then, for every t observed,we take the i that maximize the posteriori probability distribution,

P
(
B(s) = i

/
N(t, s) = k

)
= max

j

{
P
(
B(s) = j

/
N(t, s) = k

)}
So, we have obtained a random sample of the unobserved variable B(s), and we estimate its empirical

distribution. P̂0, P̂1, . . . , P̂b.

The empirical distribution is used to find confidence interval for the distribution of B(s).

5. Results and discussion

We have introduced a new model to estimate the abundance of Antarctic blue whales. The

estimation found by the model are closed to the number expected by biologists. The model is a simple

one and we hope that in future could be modified ,when we had more knowledge about the behavior

of Antarctic blue whales. It is difficult to verify the hypothesis introduced. The independence of the

number of calls produced by a whale is introduced by the observation of the behavior of other marines

mammals. We will not find any publication to ensure the independence of the sounds of whales but

neither one which denies it. The model introduced can be interesting for biologists,because until now,

they do not have any knowledge about the way that this species emit its sounds.

Table 1 shows the confidence intervals for the number of whales.

Fig. 2 represents the histogram of the number of whales estimated.

Accurate estimation of global whale populations remains a difficult problem that must be addressed

using complementary techniques to be successful. In this paper, we present for the first time the

approach based on the distribution of the number of whales using passive acoustic methods. Other

papers deals with the punctual estimation of the density (distance sampling). DS use advanced and

expensive technical means,but some times it is not possible to use these technical means due to lack
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of resources, the furtive behavior of the animals or geographical and meteorological conditions.

To date, no method has been proposed that might be used in general to estimate cetacean density

from fixed passive acoustic devices, although several papers have addressed elements of the problem

(e.g., Marques et Thomas, 2009; McDonald and Fox, 1999; Wiggins et al., 2004).

The mayor advantage of the model introduced is that it can be modified to get a good fit of the data.

It can be used for estimating the density of other species, with appropriate modifications.

Figure 1: Location of hydrophones of IMS in Crozet Archipelago

Figure 2: Number of Antarctic blue whales in the year
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Table 1: CI90% and CI95% of the number of whales (B(s))

CI 90% 95%

May [1, 8] [1, 9]

June [1, 8] [0, 9]

July [0, 8] [0, 10]

August [0, 9] [0, 10]

September [0, 9] [0, 9]

October [0, 8] [0, 8]

November [0, 9] [0, 10]

December [0, 10] [0, 11]

January [0, 7] [0, 9]

February [0, 9] [0, 9]

March [0, 2] [0, 3]

April [0, 6] [0, 7]

Year [0, 9] [0, 10]
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