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Fig. 1. Picture and spectrogram of an amakihi at the study
area.
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Fig. 3. Relationship between power and distance to the
vocalizing bird. We also represent the regression line fron

model used to estimate the distances.

Fig. 2. Methodological steps suggested to estimate density from
sound-emitting species.

Using bioacoustics
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The power of the cue was significantly related to the distance of
the vocalizing individual (GLM, coefficient + SE=-0.048 £0.009,
Intercept £ SE = 5.077 £ 0.406, t-value = -5.221, DF = 60, P <
0.001, explained deviance = 37.45%) (Fig. 3, Fig. Al.1). This
relationship was not affected by the presence of rain or wind
(variables not included in the model with the lowest A1C). Also,
the measured distance was significantly related to the predicted
one (LM, coefficient £ SE = 1.043 £ 1.04, Intercept + SE = -0.807
+ 3.085, P < 0.001, R® = 0.36) (Fig. A1.2).
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of apex scavengers into land-abandonment scenarios? The Cinereous vulture in the Mediterranean biome Diversity and Distributions
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FIGURE 1 Distribution of Cinereous vultures in Peninsular Spain (a) nesting (based on Marti & del Moral, 2003); and (b) foraging (created
according to inference from radio-tracking studies (Carrete & Dondzar, 2003; Moreno-Opo et al., 2010). The last two maps represent the
average prediction of the 1,000 final models showing each UTM 10 = 10 km cells predicted as suitable according to the cut-off value, (»0.51
fior nest-site habitat and =0.49 for foraging habitat): (c) nest-site habitat; and (d) foraging habitat
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de
aplicagao
de um
GAM:

a primeira estimativa

de

densidade de cetaceos

usando

acustica passiva

Estimating cetacean population density using fixed passive
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Methods are developed for estimating the size/density of cetacean populations using data from a set
of fixed passive acoustic sensors. The methods convert the number of detected acoustic cues into
animal density by accounting for (i) the probability of detecting cues, (i) the rate at which animals
produce cues, and (iii) the proportion of false positive detections. Additional information is often
required for estimation of these quantities, for example, from an acoustic tag applied o a sample of
animals. Methods are illusirated with a case study: estimation of Blainville’s beaked whale density
over & 6 day pericd in spring 2005, using an 82 hydrophone wide-baseline array located in the
Tongue of the Ocean, Bahamas. To estimate the required guantities, additional data are used from
digital acoustic tags, attached to five whales over 21 deep dives. where cues recorded on some of the
dives are associated with those received on the fixed hydrophones. Estimated density was 253 or
22.5 animals/1000 km®, depending on assumptions about false positive detections, with 95%
confidence intervals 17.3-36.% and 15.4-32.9. These methods are potentially applicable to a wide
variety of maring and terrestrial species that are hard o survey using conventional wisual

methods, © 2009 Acoustical Society of America. [DOL: 10.1121/1.30E9590]

PACS number(s): 43.30.58, 43.80.Ka [WWA]

1. INTRODUCTION

Cetaceans (whales and dolphins) form a key part of ma-
rine ecosystems, and yet many species are potentially threat-
ened with extinction by human activities. One essential ele-
ment of an effective conservation or management sirategy is
a reliable estimate of population size (“abundance™) or,
equivalently, number per umnit area (“density™). However,
most cetacean species are hard to survey, since they live at
low density over large areas of ocean and spend almost all of
their time underwater. The object of this paper is o increase
the repertoire of tools available for making species pssess-
ments, by developing and demonstrating methods for esti-
mating cetacean density from surveys of their vocalizations
collected from fixed passive acoustic sensors.

Currently, the main method for obtaining estimates of
density is through visual line transect surveys. A set of ran-
domly placed lines is traversed by an observation platform
{c.g.. ship, airplane, or helicopter) and all sighted animals of
the target species are recorded. together with their perpen-
dicular distance from the line. In the standard method, it is
assumed that all animals on the transect line (ic., at zero
distance) are seen with certainty, but that probability of de-
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tection declines with increasing distance from the line. The
distribution of ohserved detection distances is then used to
estimate the average probability of detection, and this in turn
allows estimation of population abundance or density. Line
transects are a special case of distance sampling methods,
which are described in detail in the two standard texts by
Buckland et al. (2001, 2004).

Visual line transect methods have a number of disadvan-
tages for surveying cetaceans: they can only be performed
during daylight hours and are strongly dependent on good
weather conditions; they do not work well for species that
spend long periods of time underwater; they are expensive to
do well and have restricied temporal coverage. On the other
hand. some cetacean species make frequent and chamcteris-
tic vocalizations, and this has led to increasing recent interest
in the use of passive acoustic methods for monitoring ceta-
cean populations (see review by Mellinger of al., 2007h).
Ome solution is to replace or supplement the visnal observers
on a shipboard line transect survey with a towed passive
acoustic platform, since even a simple two-element hydmo-
phone array can be used to obtain locations of repeatedly
vocalizing animals. and hence the reguired perpendicular
distances. This has proved particularly effective for sperm
whales (Physeter macrocephalis), which are long, deep
divers and hence hard to detect visually, but produce loud

1882 . Acoust. Soc. Am. 125 (4), April 2009 0001-4966/2000126(4)1 BE2M /$25.00 i@ 2008 Acoustical Society of America
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TABLE 1. Details about the tagged whales used in case study analysis: Tag = ; < x )
ID, date the animal was tagged, number of dives while animal was tagged, < & » : %
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FIG. 1. The spatial layout of the AUTEC hydrophones that were recording
during the collection of the primary survey data, represented by small
crosses. Also shown as dots (perceived as solid lines) are the locations of the
tagged Blainville’s beaked whales when each click recorded on the DTag
was produced.

Marques, T.A.;Thomas, L.;Ward, J.; DiMarzio, N. & Tyack, P. L. 2009 Estimating cetacean population density using fixed passive acoustic sensors: an
example with Blainville's beaked whales The Journal of the Acoustical Society of America 125:1982-1994
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FIG. 2. Click counts per minute, summed over the 82 recording hydro-
phones, for the 6 day period of the primary dataset. Time i1s indexed as
minutes since recording started. For operational reasons the data were di-
vided into sets, and some sets (2, 5, 7 and 11) were not used. A standard
lowess smooth of click counts over time is shown for the sets used. The
small black vertical dashes (“|”) are scattered minutes within the 8 sets used
which were faulty and hence removed from the data. The sample periods
used for the estimation of the false positive proportion are represented by
*#"_ The limits of each day and set are represented by dotted and dashed
lines, respectively.

Marques, T.A.;Thomas, L.;Ward, J.; DiMarzio, N. & Tyack, P. L. 2009 Estimating cetacean population density using fixed passive acoustic sensors
an example with Blainville's beaked whales The Journal of the Acoustical Society of America 125:1982-1994
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Para mim, a mais importante classe
de modelos para quem trabalha em
ecologia sao os modelos de

regressao (e dentro destes, GLMs e

GAMs).

| would call these the cornerstone of
statistical ecology.



Modelos construidos com base na analise estatistica (por
tentativas) de diferentes elementos (variaveis) do modelo
Relagoes desconhecidas a priori;

Muito utilizados numa ampla diversidade de situagoes
aplicadas a ecologia;

Op¢oes metodologicas dos modelos com extremo impacto
no resultado final;

Em geral, a componente aleatoria nao explicada por estes
modelos € consideravel.



Let’s play with real data!

https://highstat.com/Books/BGS/GAM/Data/Parasites3.txt

https://highstat.com/Books/BGS/GAM/Data/BaileyDensity.txt

https://highstat.com/Books/BGS/GAM/Data/Gannets2.txt


https://highstat.com/Books/BGS/GAM/Data/Parasites3.txt
https://highstat.com/Books/BGS/GAM/Data/Gannets2.txt
https://highstat.com/Books/BGS/GAM/Data/BaileyDensity.txt

