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International frameworkInternational framework

Systematic monitoring is essential to inform 
conservation measures in Marine Protected Areas and 

’ l i dto assess cetaceans’ population trends

Monitoring programmes are among the priority actions 
in the Pelagos Sanctuary Management Plan, ACCOBAMS 
and the Specially Protected Areas and Biodiversity 
Protocol under the Barcelona Convention, the UN 
Environment Programme, through its Mediterranean 
Action Plan and the Scientific Committee of the 

l h l ( )International Whaling Commission (IWC)
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European frameworkEuropean framework

EU Habitats Directive: maintain or restore, at favourable
conservation status natural habitats and species of wildconservation status, natural habitats and species of wild 
fauna and flora of Community interest in need of strict 
protectionprotection.

Monitor these habitats and species and report every sixMonitor these habitats and species and report every six 
years on whether their conservation status is favourable
and on the implementation of measures taken to ensureand on the implementation of measures taken to ensure 
this. 
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National frameworkNational framework

The Italian Ministry of the Environment has started a 
series of project to assess and monitor abundance and 
d i f d h f i hdensity of cetaceans and other mega fauna in the seas 
around Italy:

 Pelagos Sanctuary, winter and summer 2009
I i S G lf f T i 2010 Ionian Sea, Gulf of Taranto, spring 2010

 Central Tyrrhenian Sea, summer 2010
P l S t 2010 Pelagos Sanctuary, summer 2010

 Sardinia and Corsica Seas, summer 2010
S th T h i S i Southern Tyrrhenian Sea, ongoing 



Proposed as VU in 2010Proposed as VU in 2010
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Line transect samplingLine transect sampling

 Define the area within which abundance is to be 
estimated

 Search along pre‐determined transect lines for 
animals

When encounter an animal (group of animals):
Identify species
Determine group size
Measure perpendicular distance from 
animal/group to transect line

 Continue searching along transect lines
 Provides estimates of abundance in a defined area in 

a defined period of time



Line transectLine transect samplingsampling
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Line transect Line transect samplingsampling

Cruise tracks designed 
to sample area 

A

representatively

A = size of areaA = size of area

h d 2Area searched = 2wL
d = perpendicular 
distance

dww

distance
R = Radial distance
 = angler



LL
d = r sin()



Estimating g(0)Estimating g(0)
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Estimating g(0)Estimating g(0)

TheThe mostmost criticalcritical assumptionassumption inin lineline transecttransect
methodologymethodology isis thatthat animalsanimals oror schoolsschools directlydirectly onon thethemethodologymethodology isis thatthat animalsanimals oror schoolsschools directlydirectly onon thethe
lineline areare alwaysalways detecteddetected

This assumption may be biased by the

• availability bias (when animals in the track‐line are not
observed because they are diving). Use diving information.

• perception bias (when the observer fails to detect an animal
on the track‐line although it is available). Can be ~1 with expert
bobservers.
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General issuesGeneral issues

•• ObjectivesObjectives•• ObjectivesObjectives
•• Aerial Aerial vsvs shipboardshipboard
•• Type of planeType of plane
•• Track designTrack designgg
•• Methods and Methods and 
equipmentequipmentequipmentequipment



Is it a shipIs it a ship or is it a plane?or is it a plane?
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Is it a ship Is it a ship –– or is it a plane?or is it a plane?

•• Coastal waters/coastlineCoastal waters/coastline
•• SpeciesSpecies
•• Endurance/airport availabilityEndurance/airport availability
•• Prevalent weather conditionsPrevalent weather conditions
•• EquipmentEquipment
•• Sea sickness Sea sickness vsvs psychology!psychology!
•• COST!COST!



Daily effortDaily effort
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Daily effortDaily effort

Airplane
750 nautical miles 1 day Ship
(26/7/09)

Ship
677 nautical miles 8 days
(3 – 10/8/08)



PartenaviaPartenavia PP‐‐6868
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PartenaviaPartenavia PP‐‐6868



Equal coverage probabilityEqual coverage probability
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Equal coverage probabilityEqual coverage probability

Transects are placed
at random using a
design where each
part of the studypart of the study
area has an equal
probability of being

dsurveyed
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Case study: the Pelagos SanctuaryCase study: the Pelagos Sanctuary
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Case study: the Pelagos SanctuaryCase study: the Pelagos Sanctuary

82 transects, spaced 10 km 
between each others 

l f 8 852 56 Ktotal of 8,852.56 Km



Results:Results: winterwinter
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Results: Results: winterwinter

131 cetacean sightings in total131 cetacean sightings in total

striped dolphins (striped dolphins (nn=114), common bottlenose dolphins (7), =114), common bottlenose dolphins (7), 
fin whales (1), sperm whales (1), Cuvier’s beaked whales (1)fin whales (1), sperm whales (1), Cuvier’s beaked whales (1)

StratumStratum Size (kmSize (km22)) kk LL (km)(km) ScSc(( )) ( )( )

AA 30 90730 907 3434 2 932.62 932.6 3131
BB 23 20823 208 2020 2 273 52 273 5 3333BB 23 20823 208 2020 2 273.52 273.5 3333
CC 34 15334 153 2222 2 938.32 938.3 4747

TotalTotal 88 26788 267 7676 8 144.48 144.4 111111



Results:Results: summersummer
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Results: Results: summersummer

330 cetacean sightings in total330 cetacean sightings in total

striped dolphins (striped dolphins (nn=280), fin whales (24), common =280), fin whales (24), common 
bottlenose dolphins (8), sperm whales (5), bottlenose dolphins (8), sperm whales (5), Risso’sRisso’s dolphins dolphins 
(4) long finned pilot whales (5) Cuvier’s beaked whales (1)(4) long finned pilot whales (5) Cuvier’s beaked whales (1)

StratumStratum Size (kmSize (km22)) kk LL (km)(km) ScSc BpBp

(4), long finned pilot whales (5), Cuvier s beaked whales (1)(4), long finned pilot whales (5), Cuvier s beaked whales (1)

(( )) ( )( ) pp

AA 30 90630 906 3434 3 033.33 033.3 4545 22
BB 23 20823 208 2020 2 264 82 264 8 5757 88BB 23 20823 208 2020 2 264.82 264.8 5757 88
CC 34 15334 153 2525 3 148.93 148.9 168168 66

TotalTotal 88 26788 267 7979 8 446.38 446.3 270270 1616



Results: striped dolphinsResults: striped dolphins
© © PanigadaPanigada & & LaurianoLauriano, 2010, 2010

Results: striped dolphinsResults: striped dolphins

Winter 2009Winter 2009 Summer 2009Summer 2009Winter 2009Winter 2009 Summer 2009Summer 2009



Fin whales and other speciesFin whales and other species
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Fin whales and other speciesFin whales and other species

Summer 2009Summer 2009Summer 2009Summer 2009 Summer 2009Summer 2009Summer 2009Summer 2009



OtherOther megafaunamegafauna
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Other Other megafaunamegafauna

Summer 2009Summer 2009Summer 2009Summer 2009 Summer 2009Summer 2009Summer 2009Summer 2009



Data analysisData analysis
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Data analysisData analysis

• Dedicated software Distance 6.0 was used;
• both Conventional Distance Sampling (CDS) and Multiple

l ( ) dCovariate Distance Sampling (MCDS) was used to estimate
striped dolphins abundance.



Abundance estimatesAbundance estimates StenellaStenella
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Abundance estimates, Abundance estimates, StenellaStenella

WinterWinter
n/Ln/L %CV(n/L)%CV(n/L) DD %CV(D)%CV(D) NN %CV(N)%CV(N) 95% CI(N)95% CI(N)

0 0130 013 14 1814 18 0 2180 218 20 2520 25 1927519275 20 2520 25 12 97212 972 28 64128 6410.0130.013 14.1814.18 0.2180.218 20.2520.25 1927519275 20.2520.25 12 972 12 972 -- 28 64128 641

n/Ln/L %CV(n/L)%CV(n/L) DD %CV(D)%CV(D) NN %CV(N)%CV(N) 95% CI(N)95% CI(N)

SummerSummer
n/Ln/L %CV(n/L)%CV(n/L) DD %CV(D)%CV(D) NN %CV(N)%CV(N) 95% CI(N)95% CI(N)

0.0310.031 13.9713.97 0.470.47 16.0416.04 3936339363 16.0416.04 23 319 23 319 –– 55 49155 491



Abundance estimates fin whaleAbundance estimates fin whale
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Abundance estimates, fin whaleAbundance estimates, fin whale

Fin whales: N=152 (% CV=29.8; 95% CI 85 ‐ 272)( ; )
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Discussion Discussion -- 11

Thi ill t t th l f i l fThi ill t t th l f i l f•• This program illustrates the value of aerial surveys for This program illustrates the value of aerial surveys for 
monitoring, particularly in winter when the weather is poorer;monitoring, particularly in winter when the weather is poorer;

•• increase the chance to cover a wide area in great detailincrease the chance to cover a wide area in great detail•• increase the chance to cover a wide area in great detail, increase the chance to cover a wide area in great detail, 
allowing high coverage of the area, with more robust estimates allowing high coverage of the area, with more robust estimates 
with lower CVs and CIs;with lower CVs and CIs;with lower CVs and CIs;with lower CVs and CIs;

•• other other megafaunamegafauna has been observed: loggerhead turtles, giant has been observed: loggerhead turtles, giant 
devil rays and basking sharks listed as endangered or devil rays and basking sharks listed as endangered or y g gy g g
threatened species of the Protocol concerning Specially threatened species of the Protocol concerning Specially 
Protected Areas and Biological Diversity in the Mediterranean Protected Areas and Biological Diversity in the Mediterranean 
(SPA/BD) ithi th B l C ti(SPA/BD) ithi th B l C ti(SPA/BD) within the Barcelona Convention.(SPA/BD) within the Barcelona Convention.
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Discussion Discussion -- 22

A i l i ith d t f t hi b dA i l i ith d t f t hi b d•• A simple comparison with data from past shipboard surveys A simple comparison with data from past shipboard surveys 
suggests an suggests an appreciableappreciable decrease in presence and density of decrease in presence and density of 
fin whales in the Pelagos Sanctuary area in the summer;fin whales in the Pelagos Sanctuary area in the summer;fin whales in the Pelagos Sanctuary area in the summer; fin whales in the Pelagos Sanctuary area in the summer; 

•• variations in density and abundance were detected between variations in density and abundance were detected between 
winter and summer surveys, with higher numbers in the summerwinter and summer surveys, with higher numbers in the summerwinter and summer surveys, with higher numbers in the summer winter and summer surveys, with higher numbers in the summer 
months, when human activities (and potential impact on months, when human activities (and potential impact on 
cetaceans) reach maximum levels;cetaceans) reach maximum levels;

•• fin whales were not sighted during the winter survey, although fin whales were not sighted during the winter survey, although 
previous acoustic data indicates some presence;previous acoustic data indicates some presence;

•• robust data after the density estimation obtained in the same robust data after the density estimation obtained in the same 
region (region (ForcadaForcada et al. 1995).et al. 1995).



In conclusionIn conclusion
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In conclusionIn conclusion
•• Valuable biological information for the conservation ofValuable biological information for the conservation ofValuable biological information for the conservation of Valuable biological information for the conservation of 

cetaceans in the Mediterranean Sea;cetaceans in the Mediterranean Sea;
•• abundance of the most common cetacean in the Mediterranean, abundance of the most common cetacean in the Mediterranean, ,,

one of the ACCOBAMS and Pelagos priorities;one of the ACCOBAMS and Pelagos priorities;
•• conservation action plans proposed by the IUCN (Reeves et al. conservation action plans proposed by the IUCN (Reeves et al. 

2003);2003);
•• inform management measures (CV < 35%, Wade and inform management measures (CV < 35%, Wade and DeMasterDeMaster

1999);1999);
•• the density and distribution data provide valuable baseline the density and distribution data provide valuable baseline 

i f ti f th d b ii f ti f th d b i id ACCOBAMS Sid ACCOBAMS Sinformation for the proposed basininformation for the proposed basin--wide ACCOBAMS Survey;wide ACCOBAMS Survey;
•• the method and the expertise developed by Italy during the method and the expertise developed by Italy during 

these aerial surveys can be easily exported elsewhere tothese aerial surveys can be easily exported elsewhere tothese aerial surveys can be easily exported elsewhere, to these aerial surveys can be easily exported elsewhere, to 
promote and facilitate similar effort in other areaspromote and facilitate similar effort in other areas..


