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Note by the Secretariat

The 19' Meeting of the Contracting Parties to the Barcelona Convention (COP 19) agreed on the

Integrated Monitoring and Assessment Programme (IMAP) of the Mediterranean Sea and Coast and
Related Assessment Criteria which set, in its Decision 1G.22/7, a spestifit 27 common indicators

(Cls) and Good Environmental Status (GES) targets and principles of an integrated Mediterranean
Monitoring and Assessment Programme.

The agreed common indicators related to biodiversity andnubgenous speciaduster include

1. common indicator 1: Habitat distributional range (EO1) to also consider habitat extent as a

relevant attribute;

common indicator 2: tyfcalsmkdies and commouhities (B@L); habi t at ¢

3. common indicator 3: Species distributional range (EO1 related to marine mammals, seabirds,
marine reptiles);

4. common indicator 4: Population abundance of selected species (EOL, related to marine
mammals, seabirds, maei reptiles);

5. common indicator 5: Population demographic characteristics (EO1, e.g. body size or age class
structure, sex ratio, fecundity rates, survival/mortality rates related to marine mammals,
seabirds, marine reptiles);

6. common indicator 6: Trends abundance, temporal occurrence, and spatial distribution ef non
indigenous species, particularly invasive, +#digenous species, notably in risk areas (EO2,
in relation to the main vectors and pathways of spreading of such species);

N

During the initial plase of the IMAP implementation (202619), the Contractindarties to the

Barcelona Convention updated the existing national monitoring and assessment programmes following

the Decision requirements in order to provide all the data needed to assess Wiethér Go o d
Environment al Statusd6dé6 defined through the Eco:
maintained.

Decision 1G.23/6 on the 2017 MED QSR (COP 20, Tirana, Albani201ldecember 2017) agreed, as
general directions towards a successful 2028likrranean Quality Status Report (2023 MED QSR),
the following main recommendations:

(1) harmonization and standardization of monitoring and assessment methods;

(ii) improvement of availability and ensuring of long time series of quality assured data to
monitorthe trends in the status of the marine environment;

(iir) improvement of availability of the synchronized datasets for marine environment state

assessment, including use of data stored in other databases where some of the Mediterranean
countries regularly coribute; and

(iv) improvement of data accessibility with the view to improving knowledge on the
Mediterranean marine environment and ensuring thatM#A® System is operational and
continuously upgraded, to accommodate data submissions for all the IMAP Common
Indicators.

The present document provides information on the monitoring protocols of the agreed common
indicators 3, 4nd 5 related to marine mammals, marine turtles and seabirds, and common indicator 6
related to nofindigenous speciedt was discussed and reviewed by the previddseting of the
Ecosystem Approach Correspondence Group on Monitoring (CORMBIBYiversity and Fisheries
(Marseille, France, 23 February 2019). All the comments and suggestions received from the
Contracting Partewere considered and included in this version of the document.

The documents submitted to the Meeting of the Ecosystem Approach Correspondence Group on
Monitoring (CORMON), Biodiversity and Fisheries (Rome, Italy, 21 May 2019) for information and
final approval.
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1. Introduction
1.1. Background

The Contracting Parties to the Convention for the Protection of the Marine Environment and the Coastal
Region of the Mediterranean (Barcelona Convention) have adopted the Ecosystem Agpo#gmhin

January 2008This strategy allows all aspects of marieeosystem to be taken into account. It includes
management of coast, sea and living resources that promotes conservation and sustainable use in an equitable
way, in order to respect interactions in the ecosystems. Indeed, it recognizes ecologicalasyateiots mix

of elements that interact with each other continuously. This process aims to achieve the good environmental
status (GES) through informed management decisions, based on integrated quantitative assessment and
monitoring of the marine and coabktnvironment of the Mediterranean. EcAp is also a way of making
decisions in order to manage human activities sustainably. It recognizes that human's activities both affect the
ecosystem and depend on it.

In February 2016, the Contracting Parties to Bagcelona Convention have also adopted an Integrated
Monitoring and Assessment Programme and related Assessment Criteria (IMAP). This text describes the
strategy, themes and products to deliver by Contracting Parties over the gedoddf the implemetation

of the EcCAp 20162021). The main goal of IMAP is to build and implement a regional monitoring system
gathering reliable and djp-date data and information on the marine and coastal Mediterranean environment.
Mediterranean countries committed to mitor and report on 23 common indicators, articulated on 11
ecological objectives and covering topics related to pollution, marine litter, biodiversitnaiganous
species, coast and hydrography.

One of eleven ecol ogi cardai mhbjad mteidv eosr iesn hfaBicaediov ¢ rEs
factors are used to quantify the conservation:
1. no further loss of the diversity within species, between species and of habitats/communities and
ecosystems at ecologically relevant scales;
2. any deteriorateattributes of biological diversity are restored to and maintained at or above target
levels, where intrinsic conditions allow;
3. where the use of the marine environment is sustainable.

1.2.  Aim of this doc
These guidelines aim at helping managers daxision makers to understand and implement a strategy of
long-term monitoring for cetaceans, in deciding what kind of method to choose at regional and national level
to answer the indicators 3, 4 and 5. This document aims at presenting a global ovemediwads, with the
main advantages and disadvantages, the human resources and material requested in order to better estimate tr
investment needed and other practical points. For more details on one specific method, please follow the
bibliographic refereces.

A lot of scientific papers, or guidelines exist on the subject and on all those methods that are recognised as
standard. Some explain in detail the steps of implementation, the scientific background, highlight also pro and
cons, advantages and disadhzmes. A list of some of these documents are listed at the end and should be
considered for further details.

This document focuses more on the techniques at sea than on the consequent and associated analyses. It has
bear in mind that analyses needexpt 6 s ti me and skills and has a cel
done. Alot of models and types of analyses exist and are well described in many scientific papers. What should
be stressed is that powerful analyses can be led only with relathl¢hat have been collected in a standardised

and recognised manner. So, to be sure data will be useful, comparable and used, the decision and
implementation of rigorous methods should be the first step, following standard monitoring methods here
highlighted.
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1.3. Indicators 3, 4, 5

In the context of the Barcelona Convention, a common indicator is an indicator that summarizes data into a
simple, standardized, and communicable figure. It is able to give an indication of the degree of threat or change
in themarine ecosystem and can deliver valuable information to decision makers.

Among five common indicators related to biodiversity (EO1) fixed by IMAP, three are about marine mammals:
1 Indicator 3- Species distributional range

This indicator is aimed at provity information about the geographical area in which marine mammal species
occur. It is intended to reflect the species distributional range of cetaceans that are present in Mediterranean
waters, with a special focus on the species selected by the PEmgasiain outputs of the monitoring under

this indicator will be maps of species presence, distribution and occurrence. Resulting analysi$ aap le

to identification of important habitat and core areas for the spebie aim is to detect aimpportant changes

in the distributional pattern of the cetaceans.

1 Indicator 4- Population abundance of selected species

As cetaceans are highly mobile and distributed mainly over vast areas, this indicator refers preferably also to
an areadefined abundare of selected species (in a specified area in a given timeframe). Resulting analysis
led to absolute abundance, density maps or indices of abundance. The aim is to detect any important changes
in those numbers. Methods for estimating density and abundesgenerally speciespecific and ecological
characteristics of a target species should be considered carefully when planning a research campaign. The main
limitation of some implementation of monitoring method is relates to how representative the aesuift

terms of the relevant population. So, it needs first to define which population is targeted.

9 Indicator 5- Population demographic characteristics (e.g. body size or age class structure, sex ratio,
fecundity rates, survival/mortality rates)

This indicator required to demographic parameters as the age structure, age at sexual maturity, sex ratio and
rates of birth (fecundity) and of death (mortality). These data are particularly difficult to obtain for marine
mammals and to monitdrut are inportantto understand and collect. Monitoring effort should be directed to
collect longterm data series covering the various life stages of the selected species. This would involve the
participation of several teams using standard methodologies andngpsiéss of particular importance for the

key life stages of the target species. Results are in terms of numbers or rates. The aim is to detect any important
changes in those numbers or ratio. One of the tmaitations of some implementation of monitagimethal

is relates to how representative the results are in terms of the relevant population. So, it needs first to define
which population is targeted.

2. Species concerned
IMA P fixes a reference list of species and habitats to be monitored. Among eleven species considered to
regularly occur in the Mediterranean Sea, eight cetacean species are selected, divided into three different
functional groups:

- Baleen whales: fin whal&@élaenoptera physal)s

- Deepdiving cetaceanssperm whale Rhyseter macrocephalus, Cuvi er 6s Zfhesa k e d
cavirostrig), longfinned pilot whale Globicephalamelds and Ri s S@a@psisgdseysp hi n |

- Other toothed specieshortbeaked common dolphiDélphinus delphis striped dolphin $tenella
coeruleoalbd, common bottlenose dolphififrsiops truncatus

IMAP recommends monitoring and assessing common indicators for this selection of representative species
for cetacean.

However, three other rare species of cetaceans occur also in the Mediterraneharl8®a: porpoise
(Phocoena phocoeharoughtoothed @lphin (Steno bredanengisand killer whale Qrcinus orca.
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The decision to monitor additional species among these shotillinderthe monitoring of the standard
species set, as these are being monitoredder scale (e.g., whole Mediterranean re@ji@mdthe datahat
will be obtained at national or local scaleuld adda very highvalue

Monitoring is needed on a consistent scale for each population stlidee@ontracting Parties, while updating

their national monitoring programmes, shall makery effort to identify the list of speciesd if possible,
populationto be consideredThe choice will have to take into accown the specificity of their marine
environment and biodiversity, and al so on the num
and how many there are in relation to total populations size to warrant investigating one or more of the
indicaors.

3. Monitoring methods
Before embarking upon a monitoring programme, the most important is to identify the objective, determine
the appropriate indicator(s) in principle, then determine precisely what information can be gained and what are
the limitatiors. Then a codbenefit analysis of the various options available should be conducted. The type of
platform, level of sophistication of survey, and detection method should be considered in each case, and the
most appropriate ones identified, relying upothi indicator can be monitored to be able to robustly detect
changes should they occur given certain levels of effort (sample size).

Thus, when being in the process to decide which monitoring method to be implemented, it is important to
consider severabsues, that will be synthetized in different tables to get a global first overview. General
consideration will give some advices considering on unifying data collection protocols and the statistical
requirements on data and samples, and also the compeityeof methods at different spatial and temporal
scales, as no single method will be enough to monitor all parameters and all species. The other chapters will
present more in details the different methodologies.

Methods for estimating density and abumckaare generally specispecific and ecological characteristics of
a target species should be considered carefully when planning a research campaign.

Furthermore, as cetaceans have no frontiers and their conservation should be thought at the Mediterranea
level, it is recommended to promote the implementation of transnational and coordinated monitoring on a
standard way.

3.1.  Synthesis tables
Four tables synthetized the main information needed to take the decision on what method(s) to implement to
elucidate inlicator 3, 4 and 5 of the EO1 of the IMAP process:

- which method will give useful data to answer which indicator, depending on the target specie(s) and its
characteristics. This is presented in a synthetic wa@abiel for an overview;

- according to the method chosaémdications are presented concernihg time delay to get resulthie cost
associatedthe difficulty in implementing the method, the ctasmts and limits associated and finally the
compatibility with other method(s) (in order tptonize time and resources, as several methods can be used
in parallel on the same platform during the same campai§jlss). a column pesents the metrics theéan be
obtain by the method.

These indications are gathered in
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Table2.

- according to the method chosen, what will be the investment needestms of material and human
resources (

Table3). Also, some indications are presented concertilirggdata storage volunaad the time dedicated to
process the analysis

- according to the level at which there are designed for, population or individuals, and at which spatial scale
they correspond the best (small or large areaJ.alole4 each method has been designed to collect data to
answer question at one of the levels and spatial scales, whereas some adaptation can be made to other leve
and spatial scale. Additionally, some methods are designed for large ardlas pladform will have to move

within the large areas. Whereas some methods, especially the one based on individuals, will be implemented
in small areas and can give information on large areas in two ways: if the implementation is done in several
places ad built in a fame of a network (e.g., strandings, phtdy, or by the nature of the parameter studied

which can be extrapolate in a wider area if enough samples are available (reproductive status, genetic,
telemetry).

Finally, as working at sea cae kbxpensive anals marine environment and IMAP process deal also with other
marine specieslableau5 presents the monitoring methods for cetaceandtaid compatibility with other
marine species monitoring.



INDICATOR

3, species

distributional
range

INDICATOR
4, species
population
abundance

Tablel-Synt hesi s |
bold type =best suitable method; in bracket (less suitable method but can give interesting information) ackkeitralmd italicifdication of limit3). For the
definition of the methods, see other chapters of the document.

Baleen Deepdiving cetaceans Other toothed species
whales

fin whale
(Balaenopter
a physalu$

Visual Line
transect boat
or aerial

Telemetry

Acoustic line
transect (or
fixed point)
(presence/abs
ence

Land based
method
(locally)

Visual Line
transect boat
or aerial

Acoustic line
transect

sperm whale
(Physeter
macrocephaluy

Visual Line
transect boat
coupled to
acoustic line
transect

Photoe
Identification

Telemetry

(Visual Line
transect aerial )

Visual Line
transect boat
coupled to
acoustic line
transect

sting

Cuvi
beaked
whale
(Ziphius

cavirostrig

Visual Line
transect
boat
coupled to
acoustic line
transect

Telemetry
and acoustic
fixed point

Photc
Identification

(Visual Line
transect
aerial)

Visual Line
transect
boat
coupled to

di fferent

long-

finned
pilot whale
(Globiceph
ala melag

Visual
Line
transect
boat or
aerial

Acoustic
line
transect (or
fixed point)
(presencel/a
bsencg

Visual
Line
transect
boat or
aerial

sso00s
(Grampus griseul

Visual Line
transect boat or
aerial

Phote
Identification

Acoustic line
transect (or fixed
point)
(presence/absenge

Visual Line
transect boat or
aerial

cetaceanos

common bottlenose
dolphin (Tursiops
truncatus)

Visual Line transect
boat or aerial

Photeldentification

Acoustic line transect
(or fixed point)
(presence/absenge

Land based method
(locally)

(By-catch)

Visual Line transect
boat or aerial

Photo-ldentification

monitor.i
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striped dolphin
(Stenella
coeruleoalba

Visual Line transect
boat or aerial

Acoustic line transect
(or fixed point)
(presence/absenge

(By-catch)

Visual Line transect
boat or aerial

me tids@edesd:

Page7

short-beaked
common dolphin
(Delphinus
delphig

Visual Line
transect boat or
aerial

Acoustic line
transect (or fixed
point)
(presence/absenge

(By-catch)

Visual Line
transect boat or
aerial

Acoustic line
transectifdices of

recomme
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(indices of Photo- acoustic line Acoustic Photo- Acoustic line transect Acoustic line transect relative
relative Identification transect line Identification (indices of relative (indices of relative abundancg
abundancg Photo- Elrﬁgﬁ:(zc: o AseEie i abundancg abundancg
Photoe Identificatio relative transectifdices of
identification n relative abundance
abundancg
|\[D](67ANN@IZ8 Biopsy Biopsy Biopsy Biopsy Biopsy Biopsy Biopsy Biopsy
5, Population . . . . . : . .
demographic Stranding Stranding Stranding Stranding  Stranding Stranding Stranding Stranding
EIEwE S By-catch By-catch By-catch By-catch By-catchPhoto By-catch By-catch By-catch
s Photo Photo S el Photoidentification

identification identification




UNEP/MED WG.44/Inf.3
Paged

Table2-Synt hesi s for the diff ercenoetningwhithandieatons 6f the IMAPprotcess itheymmgy hele with, theltene delay to
obtain resultsthe type of resuligheir cost, the level of constraints associated, their limits or bias and an indication concerning the compatibility &mooisg-me

= low, +++ = high.

METHOD INDICATOR TYPE OF RESULTS RAPIDITY OF COMPATIBILITY WITH OTHER COSTS | CONSTR LIMITS
RESULTS METHODS AINTS

Visual Line 3- distributional Shortterm acoustic linetransect Bias due to
transect boat dlstnbutlonal range : responsive
range presence/absence, (sometimes phottdentification if movements of
4- abundance spatial and tempora approaching mode) animals;
distribution, relative detectability to be
density assessed,

4- abundance
absolute and
relative, density

Visual Line
transect aerial

Photo- 3 3- distributional Can be mediusterm  biopsy and ++ ++ Only applicable for

identification distributional ~ range:occurrence  but is far more telemetry species with long
range spatial and tempora reliable on longerm lasting individual
4- abundance distribution (sometimes identifiable natural
5- demographic line transect boat, depending if approachi marks.
characteristics 4- abundance: mode)

absolute



https://www.linguee.fr/anglais-francais/traduction/relative+density.html
https://www.linguee.fr/anglais-francais/traduction/relative+density.html
https://www.linguee.fr/anglais-francais/traduction/relative+density.html
https://www.linguee.fr/anglais-francais/traduction/relative+density.html
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METHOD INDICATOR TYPE OF RESULTS RAPIDITY OF COMPATIBILITY WITH OTHER COSTS | CONSTR LIMITS
RESULTS METHODS AINTS

5- demographic
characteristics:
ranging behaviour,
migration patterns,
body size or age
class structure, sex
ratio, fecundity

rates,

survival/mortality

rates
Land based
method
Acoustic line 3- distributional Shortterm visual line transect Relies upon animal:
transect dlstrlbutlonal range:occurrence being vocal.

range index

4- abundance
4- abundance:
indices of relative
abundance

Acoustic fixed
point




UNEP/MED WG.44/Inf.3
Pagell

METHOD INDICATOR TYPE OF RESULTS RAPIDITY OF COMPATIBILITY WITH OTHER COSTS | CONSTR LIMITS
RESULTS METHODS AINTS

3- distributional
range:spatial and
temporal
distribution

Telemetry
dlstrlbutlonal
range

Stranding 3 3- distributional
distributional ~ range:occurrence
range index
(4- abundance)

5- demographic 4- abundance:
characteristics indices of relative
abundance
5- demographic
characteristicsbody

size or age class
structure, sex ratio,
survival/mortality
rates

++++ Only allows small
samples resulting ir

much intef

individual variation.

Invasive.

Short term
Long-term

biopsy and
photo-Identification

Efficient if
networking is
implemented.

Short and longterm + A



UNEP/MED WG.44/Inf.3
Pagel2

METHOD INDICATOR TYPE OF RESULTS RAPIDITY OF COMPATIBILITY WITH OTHER COSTS | CONSTR LIMITS
RESULTS METHODS AINTS

Unmanned 3- distributional Short and longterm ++++ Method in
Autonomous dlstrlbutlonal range:spatial and development.
EQIEEN (o s[-l range temporal

and 4- abundance distribution

submarine

AUV) 4- abundance:

relative, (absolute if

line transect)

Pictures and

video
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Table3-Synt hesi s for the different ¢ et acheman@suraevinvolveao indicatign aboettvdiumel storagelwfodatd and h e
time needed to process the analysig] the level of skills needéd = low, +++ = high).

METHOD MATERIAL NEEDED PLATFORM MINIMUM N. OF DATA DATA SKILLS
Colour legend: in black PERSONS STORAGE PROCESSING

n ; In orange NEEDED (VOLUME) AND ANALYSIS

Visual Line - binoculars Vessel dedicated (like motoi 4 ++ S ++
transect boat N elISRUETe or sailing boat) or not
-instruments to estimate ormeasure d e di cat ed (fAf
the distance of the animals from the ferries or oceanographic
boat (reticulate binoculars, measurin Vessels)
stick)
- observation forms or computer or
mobile phone
- corner quadrants or angle board
Visual Line
transect aerial

Photo- - observation forms or computer Vessel 1(3) +++ +++ &
[e[halj{[e=1ile[sM mobile phone
- GPS,watch small or relatively small boa
- camera with lens (outboard or an average

zodiac boat) with a
sufficiently low bridge over
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METHOD MATERIAL NEEDED PLATFORM MINIMUM N. OF [DJAY AN [DJAY AN SKILLS
Colour legend: in black PERSONS STORAGE PROCESSING
i ; Inlorange NEEDED (VOLUME) AND ANALYSIS
(TIME))

the water to take pictures at
the correct angle.

Land based
method

AVl - binoculars Vessel
transect - GPS,watch

- observation forms Irre_spe_ctive of the type,
- hydrophone coupled to stereo which is able tdold a
amplifier constant speed and a cours
- soundrecording instrument and for use in transect. Preferab
power source silent.

Acoustic fixed

point

Telemetry - beacon Vessel 1(2) + ++
- crossbow or long pole

b ----
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METHOD MATERIAL NEEDED PLATFORM MINIMUM N. OF DATA DATA SKILLS
CoIour Iegend in black PERSONS STORAGE PROCESSING
; inlorange NEEDED (VOLUME) AND ANALYSIS

Stranding - stranding forms Land 1 + 1 ++
- camera Need to
- make sure
this is
handled by a
, safety trained and
glasses authorized
- freezers scientist or
- veterinary
- ---.-
Unmanned - drone or submarine AUV Vessel 1(2) +++
Autonomous Need
vehicle (drone specific
and submarine skills
AUV)

Pictures and
video
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TablediChar acteristics of cetaceands monitoring methods iareimpemgentedd t o i n
(population or individuals) and at which spatial scale they correspond the best (small or large area). it dallg, the best suited characteristics and the
lighter the colar, the more adaptation you have to implement this method for that area or level. Method implemented on individualsigaadédesork, large
samples size) in order to give resutgshe population level (for indicator 5). In cells is given an indication of the time frame and frequency of the campaigns

implementing the described methods at the corresponding spatial scale.

Cetacean monitoring method Population | Individual Large Small
level level area area

Visual Line transect dedicated boat lor2/ | Yearlyor
10 years| seasonal
Visual Line transect dedicated aerial lor2/
10 years
Visual Fix line transect by ferry or Yearly,
oceanographic vessel seasonal
or
monthly
Acoustic line transect lor2/ | Yearlyor
10 years| seasonal
Dedicated observers on opportunistic Yearly or | Yearly or
platform seasonal| seasonal
Photo-identification (network) | Yearly or
Yearly or | seasonal
several
years
Telemetry
Biopsy
Land based method Yearly or
seasonal
Acoustic fixed point (network) | Yearly or
seasonal
Stranding (network) | Seasonal,
monthly
By-catch (network) | Seasonal,
monthly
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Tableaus - Compatibility with other species monitoring for the indicator 3, 4 aBd>& method compatible with others; 0: method not compatible with other

species)

Cetacean monitoring
method

Line transect dedicated
boat

Line transect dedicated
aerial

Fix line transect by
ferry or oceanographic
vessel

Dedicated observers on
opportunistic platform

Photo-identification
SES

Land based method

Acoustic line transect

Acoustic fixed point

Telemetry
Biopsy
Stranding

Seabirds at sea

Xo X X o o X

Turtles at
sea

Xo X X o o o

XX X X o o o

Other big fish
(tuna, sunfish,
swordfish, ray)

XX X X o o o

Floating

Marine Litter

X ooo o o o



UNEP/MED WG.44/Inf.3
Pagel8

3.2.  Generakonsiderations
3.2.1. Scientific consideration on sampling and analysis

To ensure that the chosen method and the study design will be able to provide data to answer to the question
posed with a useful level of precision, a power analysis should be run. It is useful to use existing data if any
during this step. And the poweraysis helps in indicating the ability of the statistical procedure and the
available or planned data to reveal a certain level of change i.e. the ability to detect a trend of a given
magnitude. Concretely the power analysis will help to plan studieddulate the necessary sample size

(e.g. the length of time series of abundance estimates), or the coefficient of variation (CV) of those
estimates.

The use of existing soft ware progr ams, a
(https://swfsc.noaa.gov/textblock.aspx?Division=PRD&ParentMenuld=228&id34&dfs greatly in the

process.

But as cetaceands s p aoverevast areasevhidhiled to Hiffidabnam dovier the | sSp
whole population or their whole range, another method to increase power to detect trends is to design a
trendsite survey design. This site is sought to maximize precision by focusing on a sneall&r survey

and increased the effort the chosen area. The smaller area could correspond to a representative part of
the range of the stock or to a stock identified at a smaller spatial scale as demographically independent
populations. Finally, one ofit most common methods to increaseatniiity to detect precipitous declines

are to increase survey frequency (annual for example). Other useful methods are tested, more during the
analysis, as tolange the statistical decision criterion.

Many of the methods here described work under ceass#umptions (equal coverage, homogeneity of
capture, detectability, etc) and a great care should be taken in dealing with these assumptions since the
beginning of the implementation. Associated data should be collected in order to calculate the correction
factors if needed.

3.2.2. Complementarity of monitoring methods

There is an interest implementing several methods, as they can be complementary in spatial or temporal

scales and for the different speciesThis should be defined case by case, according tolijeetives, the
species, the area and the means (human resources, platform and funds). As the objective of monitoring
population of cetaceans is @ietect trendsover time, it has then to be considered to choose one or several
methods and tplan to implement campaigns on a regular basig order to get several results over time.
Often, largescale dedicated campaigns are more expensive thadeticated campaigns or smatlale
campaigns. For example:

- a large-scale (the whole waters under national gdiction of a country at least, entire basin, entire seas)
visual line transectdedicated surveymade with a vessel or an airplane will give you insights of abundance
and distribution of several visible and numerous species (whales and delphinids)meathigme, if the
campaign is bodbased, you can add a hydrophone to the vessel to quilesive acousticlata on abundance,
distribution and presence/absence of deep diving species (sperm whale, Ziphiidae). As thesmlarge
dedicated campaigns mighé one of the most expensive ones, they are often implemented at least once or
twice per decade.

- In parallelnon-dedicated vessel or aerial- based line transect surveyshould be implemented to get data

and results on a yearly basis (with one or two samples a year for oceanographic campaigns, even one sample
per month for ferry). This will allow you to know intannual variability (year with typical, rich or poor
abundace) and to correct the results of your dedicated {scgée survey the year it is implemented.

- When an important or representatsmaller areais defined (MPA, Important Marine Mammal Are, etc),
based on the results of this/these previous largeysiryeu can implememisual and acoustic line transect
surveys in this small representative arealdeally, seasonal monitoring programmes should be conducted at
this scale (at least during winter and summer periods).


https://swfsc.noaa.gov/textblock.aspx?Division=PRD&ParentMenuId=228&id=4740
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- And finally, you can focus on songpecies and laundhdividual -based tracking implementing photo
identification, biopsy and/or telemetry programmes. Those methods are highly complementary to the previous
ones.

3.2.3. Trained and qualified personal

These methods are rigorous and high qualitjgies!, implementing standard protocols and awaiting standard

data. Sopeopleimplementing one of these methods ats®auld be trained to acquire the requested skills

and knowledgeto do it in the correct wayf necessaryfunds for training mustbeihcuded i n t he pi
budgets.

3.3.  Standard Monitoring methods of living animals
3.3.1. Visual monitoring method

For visual surveys, it is important to consider observer skill and experience. Observers may vary in sighting
efficiency; hence, training is important to obtain consistent results in species identification, counting of
individuals and measuring informatidnd i st anc e, angl e, ti me of di ving
scheduled upstream to visual monitoring campaigns.

3.3.1.1. Line transect method

In line transect sampling, a survey area is defined and surveyed along a sampling desigietefmiaed
transectsensuring equal coverage of the area. The perpendicular distance of each detected animal to the
transect is measured and consequently used to obtain a detection function, from which an estimate of the
effective width of the strip that has been searchedbmarmalculated. Abundance is then calculated by
extrapolating estimated density in the sampled strips to the entire survey area. The calculated number is
therefore an estimate of abundance in a defined area at a particular time with its uncertainty.idssumpt
relating to detectability and responsiveness need to be addressed and various methods (syxdatfsrtwo
surveys) have been developed to accommodate these.

This method, either boabr aeriatbased, is mainly used to collect data in order to answabundance and
distribution questions on cetaceans (indicator 3 and 4). When the platform is dedicated to the mission of
collection of data on cetaceans, the whole process of implementation is better robust, namely quantity of effort,
equal coverage wh dedicated sampling design, bias on detectability, etc. When observers go aboard a non
dedicated platform, the data collection may be less designed to provide all necessary data to ensure a robust
results and data to detect trends. Unless the routesffamtdcovers the whole area and the effort is frequent

and regular (ex : ferry routes in the Pelagos Sanctuary, or fishery campaigns covering the whole Gulf of Lion
each summer in 10km space transects). Finally, observers on opportunistic platformraeliesting and
complementary data that can be less robust to answer to the indicators. But this has to be assessed in a case b
case cosbenefice study, as in several occasions, something interesting can be launch with existing platforms.

3.3.1.1.1. Dedicated baabased survey
Principle

Systematic surveys carried out from a boat constitute a powerful method primarily aimed at assessing the
abundance and distribution of cetacean species over large areas. The boat follows a path corresponding to a
predefined samplm plan, which covers the area of study as homogeneously as possible and records all
cetacean sightings. The minimum amount of effort required to perform the analysis depends on the density of
animals in the study area. The amount of ¢ffioust be calculad before designing the sampling plan. Often

it is required that at least 40 sightings of one species is needed to get reliable results with lower uncertainties.
To cope with assumptions (detectability and responsiveness), oftenmati@om surveys ismplemented,
corresponding to two different teams of observers working independently of each other on the same platform

if possible. Comparing their specific data helps in correcting the bias.
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Human resources

The Line transect method raced that 180° in front of the vessel is continuously observed during all daylight
hours. This required that at least two trained observers are watching at all time, and to allow resting and meal
time, it is required at least two teams rotating each twsh&o, for long lasting missioateam o# trained
observes is a minimum, the best option is at least 3+3 allowing a better coverage and a person also dedicated
to record the sightings and all associated information.

For doubleplatform then, a supeientary team of 3 observésgequested.
Material needed

- A boat with the required characteristics to carry out the mission for the planned duration, the survey area and
the desired collection protocol.

- Binoculars (and for doubiplatform, a highpower ("big eyes") binoculars on a tripod or other support).
- Compass or angleboard.

- Instruments to estimate or measure the distance of the animals from the boat (reticulate binoculars or a video
camera for photogrammetry, or measuring sticks or ruies, e

- Observational forms and a computer.
- A watch.

- A GPS.

Implementation

The first phase is the preparation of the campaign, with training of people if needed, design the sampling
scheme according to densities of cetaceans (if known) and habitats. Also, everything concerning authorization
request and logistic should be consatklargely before.

Effort should be precisely known, so start and end are recorded. During effort, observers scan the water for
cetaceans while the vessel steams along predetermined transect lines at constant speed and heading. Often th
speed is at 10rots for large vessels, but it can be 8 or 6 knots for smaller vessels. The speed should be higher
to cetaceands s psightng of the samedgeoup. When cataceansdare seen, the observers
record data such as the species, location (thitand longitude) of the encounter, general beliawvbthe

animals, and estimates of the number of cetaceans in the group. The sighting data are lster usiaty

distance sampling statistical models and imported into a Geographical Information 8g&rfor further

spaial analysis.

This method is reliable when wind, sea state and visibility are adequate to detect small dolphins, and the limit
if often put to sea state and Beaufort wind less or equal to 3.

This type of monitoring may require somaitherizations procedures, depending on study area
(environmentally protected zones, cross border areas).

Advantages
- Allow representative coverage of areas.

- Different types of sample designs are available according to the characteristics of the estualydathe
census itself. The design of the sampling plan can be done using software DISTANCE
(http://www distancesamplingorg).

- Protocols for data collection are standard and widely used; they are tested and improved continuously.
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- Analytical methods are also standard, tested and constantly improved in order to minimize the influence of
potential biases.

- Often, large vessebre required to cover large areas (vessels can remain at sea for many days, which can
stay on course and maintain speed regardless of the sea state and can board sufficient personnel to allow
rotation of the observer teams and secretaries). Howeveméiied can also be applied to small areas with
smaller boats (sailing vessels, motor boat).

Limitations
- This method is expensivigbaur intensive and give little spatial coverage.
-Applicable only in Agoodd weather conditions and

- Respousive species movement prior to detection (i.e. attraction to, or avoidance of, the vessel) is difficult to
predict but can generate substantial iasstimates of abundance if it occurs.

- Theoretically, the line transect should not be interrupted: dae toust be "passage" mode, that is to say, it

does not stop or turn away, which could lead to potential biases. Therefore, species identification and counting
of individuals in groups can sometimes be difficult and it is incompatible with the colle€@oitary data,

such as photographs for phettentification, biopsies. It may be possible to make a part of the sampling plan

in the "approach" mode where groups of easily identifiable and countable cetaceans are then approached before
resuming the trasgect path. In this case, it is important to estimate the bias introduced in the protocol by this
manoeuvrend preserve it for conditions with real difficulties.

3.3.1.1.2. Dedicated aeridbased survey
Principle

Working by aerial means (airplanbelicopter) is a powerful method, primarily aimed at assessing the
abundance and distribution of marine species over large areas or areas inaccessible by bsho(aarefa,

harsh weather conditions, etc.). The platform used in most cases is arpiaaleavith one or more observers

aboard. The airplane follows the path of a predetermined sampling plan to cover a large area as seamlessly as
possible, noting altetacean sightings. This technique can be aided by taking photographs or videos.

Human resources

At | east 3 trained fiaerial o observers should cons-
recorder.

Material needed

- A small, highwing airplane with two motors, that can fly at 90 knots while remaining within the limits of
safety and for a duration of at least several hours. The airplane must be equipped with bubble windows (to
allow the observer to look "outside" tife airplane and to look under it) and can carry at least three people
(two observers and a data recorder) beside the pilot.

- Observation forms and ideally a computer with a person to enter the data reported by observers in real time,
or a dictaphone.

- Two clinometers, one for each observer.
- printed angleboards

- A watch.
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-AGPS
- A computer with dedicated maps and software.
Implementation

The first phase is the preparation of the campaign, with training of people if needed, design the sampling
scheme according to densities of cetaceans (if known) and habitats. Also, everything concerning authorization
request and logistic (localisation of airports, availability of fuel) should be launch largely before.

The pilot of the plane is in charge of fmiling the flight plandefined and surveyed along gtetermined
transectsTwo observers sit at the bubble windows on the left and right side of the plane scan the water for
cetaceans. And another scientist, the navigator, sit in the front at-fhietceeat, is responsible for the flight

plan too, entering effort data, environmental conditions and sightings data in real time into a laptop during the
flight. When cetaceans are seen, the observers record data such as species, estimated group size and ang
perpendicular to the trajectory of the airplane. The sighting data are latesegnasjing distance sampling
statistical models and imported irddseographical Information System (GIS) for further spatial analysis.

This type of monitoring required a lot of authorization procedures specifics to aviation, in particular in cross
border areas and also concerning airport use and fuel availability.

Advantages

- This technique is usually more profitable than large surveys over large areas, which would be conducted from
the boat.

- Large areas can be covered in a short time and remote areas are reached quickly to study them (although the
distance dependm the autonomy of the aircraft).

- Some sea conditions, such as waves, interfere much less when working from the airplane than from a boat.

- Provide opportunities to detect wildlife in real time and refine species identifications using @aakle
approach.

- The movement reaction issue (avoidance or attraction) is generalgxisiant (if the aircraft is high enough
and passes only once).

Limitations

- Visibility must be excellent (good sea conditions, clear sky, no glare, etc.) so flights sitdeposly on half
(or less) of days available.

- There are difficulties in identifying species and counting and detecting large groups of young cetaceans due
to the altitude and / or speed of the aircraft, which allow only few seconds to the obsecatiectall the
data.

- A large component of availability bias exists due to the high speed of the aircraft.

- Sometimes the availability of appropriate aircraft characteristics (slow flight, high wings, sufficient
autonomy, etc.) is rare.

- Data colletion by air is expensive, particularly in remote regions away from airports.

- This technique is ineffective at capturing organisms that stay submerged for long periai=epkdiver
species.

- Aerial surveys are logistically difficult to implemeandincur high costs from aircraft hire and staffing and
can be limited by flight regulations and safety considerations.
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3.3.1.1.3. Not dedicated bodtased survey, or Fix line transect by ferry or regular oceanographic
vessel s campaigns

Principle

Surveys are conducted along fixed transects using passenger ferry or oceanographic vessilisrasfpl
observation.Teams of trained marine mammal observers (MMO) board either a passenger ferry which
conducted almost identical transects from month to month or an oceanographic vessel conducting regularly
the same design over the same area (for pkampearly national small pelagic fish stock assessments
campaigns)Data collection of occurrences of marine mammals are conducted on "fassalge that is to

say, it does not stop or turn awdyne method implemented is the line transect and the prigddhe method

is to repeat the same transects in the-teng.

On those kind of vessel, reliable data on distribution and abundance can be collected, depending on the type
of routes and regularity of crossing. For example, in the Pelagos Sanctuderritgerun almost all year

round, on numerous routes crossing the whole area, ensuring a good spatial and temporal coverage. Also,
oceanographic small fish stock campaigns often follow a tied coverage of their area of interest. Those data
may be of greanterest to answer to indicator 3 and 4 in those conditions.

Human resources

The Line transect method required that 180° in front of the vessel is continuously observed during all daylight
hours. This required that at least two trained observers areimgttiall time, and to allow resting and meal

time, it is required at least two teams rotating each two hours. So, for long lasting mission, 4 trained observers
is a minimum, the best option is at least 3+3 allowing a better coverage and a personi@seddedrecord

the sightings and all associated information.

Material needed

- Passenger ferry using fixed lines allowing repetitions or oceanographic vessel implementing on a regular
basis the same (or equivalent) design in the same area

- Binoculars.
- Compass or angleboards

- Instruments to estimate or measure the distance of the animals from the boat (reticulate binoculars, measuring
sticks and clinometer).

- Observational forms and a computer.
- A watch.

-A GPS.

Implementation

Ob s e r v e colddscted thessanvey from the deck of engine control room of the vessel or outside in a free
of obstacleds observer point. They are divided on
of cetaceands occurr enWhe nc ofnan nestaiucaretylly tberdredvgbys h s i d
focus on the 180° to the front of the bdat)eye and using binoculars, so as to detect visually cetaceans present

on surface.
This type of monitoring required some agreements with &emypanies/oceanographic/fishery institutions.

Advantages
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- This method, in a representative sector, gives relevant indicators of what occurs surroundings (in terms of
distribution and indices of abundance).

- It is a costeffective means of providing widmverage over protracted perioBsrthermore,hie use of these
platforms allows to realize a monitoring all year round or yearly and at a lower cost.

- The regularity with which the crossings are made allows to repeat the operation as much as defived to r
a study.

- in some areas, ferry routes make a kind of sampling design relatively tied, allowing a good coverage of the
area (ex.: Pelagos Sanctuary), and also oceanographic small fish stock campaigns often follow a tied coverage
of their area of inteest.

Limitations

- The major limitations are that there is rarely any control over the routes taken which are already designed,
nor the speed of the vessel, and the vessel typically cannot divert from its track to confirm species identity or
groupsize.

- Sometimes the required number of even only 2 observers cannot be allowed aboard, depending on the size
of the vessel

- The application of this method is strictly speaking incompatible with the collection of ancillary data focusing
on individual aninals, such as photographs for phimtentification or biopsies.

3.3.1.1.4. Dedicated observers on opportunistic platform (military, custom, me&halewatching boats
Principle

One or more observers board an opportunistic platform and benefit from the platform route to make
observations without logistical implementations. Platforms can bebasad or aeridbased.

Ideally, the effort should be significant to obtain a large remalb observations and cover as homogeneously

as possible the different values used in the enmimrialv a r i analyses.sS6, the platform should go at sea

on a regular basis, and within the same area to be ofistenest inmonitoring objective of gtribution and

i ndices of abundance. So, mi | i t a betargeted, as wall asovireles v e
watching boats.

This method, not dedicated to cetaceans studies, are less robust to answer to the assumptions needed to ge
reliable and precise results in terms of indicator 3 and 4. Nevertheless, the fact that the same area is regularly
sampled in the same way allows to gain knowledge on occurrence, presence and even indices of abundance
and moreover, to compare these resultwben seasons and years.

Human resources

Depending on method implemented, size and authorization of the platform, at least 1 trained observer is
required, and the higher the number of observers, the higher the quality of visual coverage and data recording.

Material needed
- Binoculars.
- Compass or angleoards

- Instruments to estimate or measuredis¢ance of the animals from the boat (reticulate binoculars, measuring
sticks, clinometer).

- Observational forms and a computer.
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- A watch.
- A GPS.
Implementation

Observers team conducted the survey and scan carefully the areafatitis @an the 90° to the front of the

boat, and with a focus below and perpendicular to trackline for aerial platform. Seafishiaity cetaceans
present on surfackasto be done by eyes and binoculars are used to precise parameters such as species,
numbers, etcDuring every observation period they record the begin and end of effort, the environmental
condition and sightings data such as species, estimated groupebiaegly GPS location. Depending on the
platform and its mission, ancillary data may be possible to collect.

This type of monitoring required some agreements with other structures.
Advantages

- Platforms of opportunity are often used to survey areas at low cost. In some cases, costs may be relatively
small because boats and equipment can be minimized without compromising the reliability of the results of a
simple, but adequate data collectiontpcol.

- Data collected from an opportunistic platform can still be used to assess habitat use and to estimate the
abundance of animals through spatial modelling. In addition, the use of environmental characteristics to
estimate abundance or relative attaimce can potentially increase the accuracy of results. Finally, some
platforms allow photedentification or acoustic data to be taken.

Limitations

- The major limitations are that there is rarely any control over the routes taken, the speed of thine@esse
ability of vessel to divert from its track to confirm species identity or group size and even to take ancillary data
(photaidentification). But this may vary greatly depending on the type of platform and mission.

- Monitoring implementation can be a low priority in initial objectives of the platform.

- The use of this kind of data should be done carefully, because there might exist a lack in the sampling design
with uncovered area, heterogeneity in effort coverage acrosaie sfivalues for the explanatory variables,
etc.

- area covered might be small and unrepresentative for cetaceans

3.3.2. Passive acoustic monitoring

Al cetaceans prksducfeors cewcrhdosl olciak @ ofnc loirc Awhi st es«
intraspecific communication. Passive acoustic methods allow theoetinuous detection and monitoring of

those sounds. The monitoring of these sounds allows for the collection of intormatspatial and temporal

habitat use, as well as estimatiorreftive density for some species and even abundance for sperm whale.

3.3.2.1. Passive Acoustic fAline transecto (towed hyc
Principle

One array with at least two hydrophones are towed by @ngdoat. Listening and recording can be
continuous or by sampleshe array enables to determine angle at perpendicular distance, which is the base of
the analysis of the fAline transecto met hdeadingT he t
following a predefine design or random transects.

The aea covered is bounded by the probability of detection by the hydrophone and the frequency and power
of the sound made by the animals.



UNEP/MED WG.44/Inf.3
Page26

This is the most effective method to survey sperm whale, as they arddepgliving species, and they use

fi ¢ ksioc rd) the entire duration of their dives. Acoustic data from sperm whales can be used to assess both
relative and absolute abundance and also distribution, provided that the appropriate d@cuipghsmvey

design is followed. For other species, acousticltesnight be complementary to visual for indicator 3, but

not for indicator 4 as methods to relate sounds to abundance of animals are not efficient yet.

Human resources
At least one passive acoustic operator is heeded, or more for a 24 hours work.
Material needed

- A boat, motor or sailing one, which is able to hold a constant speed and heading for a transect and be silent
or can stop the engine often (for sampling).

- A whole acoustic acquisition chain:

- hydrophone array composed of at least two hydsopk (even two arrays of hydrophone) coupled
to stereo amplifiers and which is within a pipe that can be towed.

- A DAQ system (convert the signal from analego digital format and also convert in quantization)
- A computer with a software analgg sounds.
- and a power source to power the system

- The relevant data forms.

-A GPS.

Implementation

The first phase is the preparation of the campaign, with training of people if needed, design the sampling
scheme according to densities of cetasdi# known) and habitats. Also, everything concerning authorization
request and logistic should be launch largely before.

An acoustic acquisition chain is setup, comprising a tow cable into which is incorporated a linear array of two
pairs of hydrophones, a deck cable that connects to the tow cable and carries signals to wherever the PAM
station is set up. The electronic gguient at the PAM station provides power to the system, amplifies and
digitises signals before feeding signals to one or more PCs that provide the user interface (software) and store
the data.lf continuous acoustic detection is chosen, the vessel startetkransect with the acoustic
acquisition chain in position. The start of the effort is when the acoustic detection of animals is launch.

If sampling procedure is usedthat means that regularly a listening period is implemented. For example, the
standards to listen for 2 minutes during each 15 minutes. Often, the speed of the boat is decreased at minimum
in order to reduce engine noise and noise of the water flowing on the hydrophone.

Using hydrophone at sea is often linked to special authorizationsjigrad.
Advantages

- This method is cogtffective, autonomous and it provides valuable information without disturbance to
wildlife or their habitats.

- The detected radius can be very large for some species: most Mysticeti can be detected at tdredder hun
of kilometres. Depending on the equipment used, the ambient noise and the characteristic of the water for
acoustic propagation, dolphins can be detected at distances up to 3 km in good conditions.

- The acoustic approach potentiadlgtects the presice of a cetacean that is not visually observable because
it is too far, it remains underwater, it moves at night or the weather conditions deteriorate. This method offers
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a valuable alternative for monitoring biodiversity when traditional (e.g. visualegs are impractical or
impossible.

- Acoustic work can easily be done on a great type of vessels, from small boats or even opportunistic platforms
to large vessel.

- This technique is not intrusiyvand the necessary equipment is not particularly expens

- This approach records sound for documentation or future analysis and it is easier to standardize and automate
data collection.

- A key benefit of active acoustic methods lies in their fine spatial resolution and their ability to collect data
on mutiple species simultaneously and nearly continuously from a moving vessel.

- Acoustic data are largely independent of collection error anddiserver bias.
- A mobile approach grants larger geographic coverage.

Limitations

- This method relies upcamimals being vocal.

- Methods to relate sounds to abundance of animals are not well developed. In case of numerous animals, it is
impossible to know which individual emits the sound and it is very difficult to know the number of animals in
a group.

- Difficult identification for close species, mainly small dolphins (stgped dolphin and common dolphin)

- Acoustic behaviour depends on the activity of a group, not necessarily the number of individuals, which can
move without making any sound.

- Ambientnoise and the noise generated by the research vessel can make the acoustic detection of an animal
difficult. Detection probability is also a function of background noise, with acoustic interferences such as
masking potentially species identification amdup size estimation.

- Requires specialist data collection equipment.

- The volume of data typically generated by passive acoustic methods is enormous and requires significant
investment in storage and after in ppebcessing.

- Small towed hydrophonese not suitable for the detection of kdk@quency and infrasonic sounds simply
because the vibrations and movements of hydrophones mask these sounds.

- Almost all hydrophones are sensitive to frequencies from a few hertz. This jist vghgften necessy to
use a higkpass filter to remove loMirequency noise.

3.3.2.2. Fix passive acoustic
Principle

One (or more) hydrophone(s) is installed in one (or more) fixed strategic sites, either on the ground, or on a
boat or a floating platforn©pportunistic or noiedicated platforms or stations can be used. Sound recording

is done continuously or at a regufrequency (sampling). Positioning at least three hydrophones also allows
triangulation to precisely locate the animal emitting the saufide more hydrophones, the larger the area
covered. So, network of several hydrophoisesecessary to increaseetinterest of such tool for monitoring

the presence and indices of abundance of several species.
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Human resources

At least one acoustician should build the acoustic acquisition chain. Then, depending on the situation (coastal
or at sea), a ship with pilot should be needed and one diver will setup the system out at sea. The same people
might be needed when the equipnenhas t o be changed (batteries if

Material needed

- A stereo hydrophone amplifier coupled to a transmission cable, a DAQ converter (digital and quantization of
the signal), an hard drive to store data, a power soungewer everything and finally a protection unit and
fixations to install all equipment.

- A thermometer and a probe coupled to thesedinstallation to enrich the data.
Implementation

The site is identified, the type of fixation is defined (dependinggmund type, currents, etc) and the
hydrophone system is installed. An existing underwater structure can be used, but caution should be made on
the noise made by the structure, the more silent the better. Divers may install the acoustic system which will
collect data for a predetermined period, mostly depending on capacity storage or power supply of the batteries.
Then records (data) are being recovered for analysis. The system can stay for short, medium or long period.
The recovering of the data and ttieanging of the batteries can sometimes be done without removing the
whole system.

Using hydrophone at sea is often linked to special authorizations to acquired.
Advantages

- Passive hydroacoustic is ideal in letfegm monitoring programs and can run onttmuous 24hour cycles,
independently of weather conditions. By recording all animals moving close to a given listening station, it is
possible to study temporal variations, ranging from the annual scale, to the monthly and daily scale.

- This techniqués nonrinvasive and the cost of basic equipment is not very high.
- Acoustic data are largely independent of collection error anddisgrver bias.

- The system can be automated and requires no human presence on site. It is easier to standatdiratand au
data collection.

- Detection over 360° and in almost all weather and light conditions.
- If the installed system is permanent, detection and temporal coverage will work 100%.

- Depending on how the hydrophone is positioned, the material, theclatecteristics of sound propagation
and the ambient noise, the monitoring area for dolphins is ab@WnN3 because there is no noise from the
boat. Tracking sperm whales and the Mysticeti can be extended to tens of ldkomet

- The system can samplegularly or continuously areas that are difficult to access.
- Concerning the surface system on a floating platform:

O It can be seltontained with a power supply from solar panels or wind turbines.
O Data can be transmitted via VHF waves orR\/iallowing reattime application.
O Settings can be changed easily by easily accessible instruments (gain, filters, etc.).

- Concerning the system deployed on the sea bed:

O Discreet and less vulnerable to surface activities.
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Limitations

- Detectionprobability and receiver performance are also a function of background noise, with acoustic
interferences such as masking potentially hampering species identification and group size estimation

- This method relies upon animals being vocal.
- In this fixedme t h o d , the coverage is | imited to the Ai mme

- Corrosion, fouling, and damage from currents, tides, storms, or fishery operations can all affect the longevity
and efficiency of acoustic instruments.

- Methods to relate soundis abundance of animals are not well developed. When animals are in a group, it
becomes difficult to identify the individual that issued the sound and how many animals are present. There is
a risk of multiple detection of the same group.

- Areas subject tstrong tidal currents should be avoided due to noise or risk of damage to facilities (current,
debris, etc.).

- Noise near the coast can mask the acoustic detection of an animal.

- Acoustic behaviar depends on the activity of a group, not necessarily the number of individuals, which can
move without making any sound.

- As part of a network of permanently installed hydrophonegetect all species, including those that emit
very low or very high fequencies, the cost of the equipment required is very high.

- It is hard to differentiate between small dolpldisgecies

- Concerning the surface system on a floating platform:

O Susceptible to all weather conditions on the surface;
O Vulnerable to all actities taking place in the area (possibility of degradation or loss of the equipment)
and preferably protected from free access of people.

- Concerning the system deployed on the sea bed:

O The power supply is complicated (cable? battery to change?);
O Need b dive in the site to change settings, difficult access to instruments;
O What type of data transmission: by cable or storage?

3.3.3. Monitoring based on focal tracking of individuals

The previous methods described work more at a population level. Some specific monitoring focus on
individuals. When the samples are numerous, they can give results at the population scales. Most of these
methods are complementary to the previous onesjpdov ng i nf or mati on to help
example, apart for photdentification that can produce population estimates directly, throughmaeabture.

Biopsy provide valuable data to the indicator 5.

3.3.3.1. Photoldentification (orphotclD)
Principle

Scientists use the pheidentification to distinguish cetaceans from each otred recognize them. The
technique relies on being able to obtain good qu
recognizable markings duag their whole life. The animals are photographed and catalogued individually
based on natural markiagcriteria (e.g., pigmentation on the body, shape of the dorsal fin) and personal
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markings (scores, notches and scars) that identify them. A numbeswhptions are made, particularly
relating to recognizability, representativeness of sampling and eapirgbabilities that should be
homogeneous. When an already identified individual isighted, or photographically @ptured, this can

provide a regonse to various issues, such as: population size, site fidelity, distribution, movements, social
strudure, etc. This means that there is a need for sorting, storing pictures and associated data within a catalogue
which should be regularly updated.

Phoo-identification is a good method to estimate population size (indicator 4) throughrenapkture mods,
and for specific areas that populations or part of populations occupy during one or more seasons of the year. It
is also one of the methods to prawidopulation parameters e.g. survival and calving rate.

The standard software program for magkapture analysis is programm MARK
(http://www.cnr.colostate.edu/~gwhite/mark/mark.itmvhich includes a wide range of models to estimate
population size, survival rates and allow to correct some of the bias against the assumptions.

Human resources

At least one trained observer/photograph will take pictures of the cetaceaimsliaatk to the pilot of the
vessel how to move the vessel in order to ensure good -lesttification (speed, heading, position in
compari son of t h-+reasnent ohgictuse£rg¢questy dneskilfed merson at least, and-is time
consuming, irorder to get a final catalogue of phettentified animals and the matrix of recaptures which is
the base of any analysis.

Material needed

- A boat with a sufficiently low bridge over the water to take pictures at the correct angle.
- Observation formsrad, ideally, a computer.

- A watch.

-AGPS.

- A camera with a lens (up to at least 200mm, ideally up to 300 or 400 mm). Digital cameras with high
resolution (at least 6 megapixels) are highly recommended.

- a computer and a hard drive to store allglstures and moreover the catalogue of phdémtified animals
Implementation

On the boat, researchers take pictures of natural markings on animals at certain angle and from certain parts of
the body depending on the species (e.g. flanks for delphitadsfor sperm whale) of all individuals
encountered.

The analysis of the images is tirnensuming and requires great concentration and attention to detail. Every
individual is listed in a catalag of photcidentification, allowing comparisons. Scientigts to compare the

photo of an individual with all the photos which are in his database and update regularly his existing catalogue
and the matrix of reapture. In an attempt to facilitatte process of matching, some software has been
developed to makéhe comparison automadly. The principle is that the software presents a number of
candidates (possible matches) with a certain probability/similarity, which safes time to the redgandier
needing to go through the whole catalogue. Neverthelessieearcher takes the final decision about a
positive match.

Photography may require some specifics authorizations procedures as well as regional partnerships may
require some agreements.

Advantages
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- Relatively easy data collection protocol.
- Norrintrusive method of "marking" animals.
- A systematic sampling @h is not always necessary but is preferable.

- Standard and tested analysis methods exist, that provide reliable results as long as the hypotheses are teste
or the bias are well estimated.

Limitations

- Only applicable for species with losigsting identifiable natural marks.
- Natural marks must be unique, recognizable and not change.

- Heterogeneity of capture probability.

- The collected data is a photograph of a wild animal in motion; it is not easy to take a good quality photograph
with targeted dteria without good relative experience.

- Required several captures. If there is not enough recaptures, analyses are difficult and sometimes give
unreliable results.

- Require a large quantity of data and a lbeign study and is timeonsuming for theatalogiing part.
- Difficulty of application in lowdensity areas.

- This method generates mamcapture estimates of the total nhumber of individuals in the study area.
However, the total size of the population may be greater if all the animals ioghkaion do not frequent the
monitored area.

3.3.3.2. Telemetry
Principle

There are two types: satellite telemetry (Argos) and radio wave (VHF) telemetry. This technique consists in
attaching a transmitter to an animal and following its movements remotely by satellite or via a receiver VHF
or acoustics which can be installed afmba ship or a plane.

Thanks to the beacons which transmit every hour/day their signals to the satellites, scientists acquire
knowledge on the localization of the animal. These techniques allow to study animals in their world and to

obtain information orfieeding behaviour, distribution, reproduction area and migratory routes. These beacons

also allow to record other data such as temperature, pressure, luminosity, swimming speed and sounds.

Information on the movements and distribution of individual aféman help to identify important habitats
(feeding areas), migration routes and to define boundaries between populations. So, these data can provide
complementary results to the indicator 3 at least and help to define the study area to monitor arpopulatio

the frame of the indicator 4.

Human resources

At least at sea, one person should have skills to attach/deploy the system on the animals. To detect the animal,
and follow with VHF, at least 3 people are needed.

Material needed

- transmitters (Argos or VHF)
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- small or relatively small boat (outboard or an average zodiac boat) with a sufficiently low bridge over the
water to approach correctly the animal.

- beacon, crossbow or long pole

- In case of radio telemetry, a receiver VHFagoustics to set up on a platform (vessel, aircraft) that follows
the animal tagged.

Implementation

An animal will be detected and approached nearby, in order to attach (suction cup) or deployed the transmitter.
Usually suction cups are pressed on thaytsing a pole, meaning to approach the animal to touch its body,
whereas for Argos transmitters it is deployegutling on the animal with a crossbow a device with a clip that

will be embedded in the subcutaneous fat of the animal.

For coastal specighe approach can be made from a rubber boat directly, and for more pelagic species a large
vessel can act as a base and a rubber boat can be towed and be used to approach the animals. For a devic
using VHF, the vessel will follow the animal at distant@ider not to interfere with its behauicand also in

order to recover the device when it will naturally get off the animal.

Because this method has a direct impact on cetaceans, it requires request of authorization prior to
implementation.

Advantages

- These instruments allow to collect a lot of information not allowed by other methods (hehanee ments)
and without human interference.

- This method allows to study movements of animals on a lartgndis in isolated area and underirager
surface.

For satellite telemetry:
- Operate on a very vast area and allows to study movements of animals on a large distance;
- Independent from weather conditions;
- Possibility to obtain additional information;
- No need of an observation platfofallowing the animal at sea;
- Allows to know species presence in an unexplored area;
-Al'l ows to obtain information summari es about
For radio telemetry:
- Relatively lowcost;
- Smaltsized system and relatiyehoninvasive system;
- Operate on a wide area,;
- Relatively independent from weather conditions.
Limitations

- This method is intrusive, either by its approach really nearly to touch the animal but also through the system
to attach the device (mainly sdite transmitters) to animal body
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- Information is obtained on few individuals and aflepend on performances of equipment used, as well as
the accessibility of mammals. A lot of individuals must be tagged to draw any genetasmonand this is
often not possible

- The implementation of this method requires important logistical suppoguse it requires an installation
directly on the animal, which is a particuladifficult operation for rare and fast animals.

- This method is intrusive for animals, with infection risks.

- Only animals which can be correctly approached are equigmmetdequired that the animal is at the surface
for the data transmission

For satellite telemetry:

- Expensive method;

- Limited support of nofintrusive mechanism on animal and limited tihie.
For radio telemetry:

- Required to maintain a platform folWing the animal at close distance;

- limited autonomy;

3.3.3.3. Biopsy
Principle

This methodconsistdn collecting on living animals at sea a fragment of skin and blubber. This can be done
by throwing with a crossbow darts with tigart gun, riffle or even a pole with biopsy tip or skin swabbing
when dealing with bowriding animals for example.

Such sarples allowto gather information on biodemographic parameters (indicator 5):

- To determine the sex of the animal

- To determine the genetic specificity of individuals (fragment of DNA) of the same species. Based on
that, analyses of kinship, matrilinear Ilkand social structure can be run.

- To obtain information on the reproductive status of individuals (e.g., pregnancy for females) based on
the level of hormones.

Other information can be gain:

- on feeding level (isotope)
- on level of contamination in heawyetals and other pollutants (such as organochlorine contaminants)

Several parameters included in the indicator 5 can be obtained through the analysis of the skin and blubber
collected with the biopsy method: sex ratio, pregnancy rates. Alsgettatic structure of the animals allows

to better deter mi ne t hgopuldtonjwhichddlps @ kndvpwhenuobkang for the o |,
distribution or abundance of this population.

Human resources

At least one pilot, one shooter and ihighly recommended to have a photographer to be able to identify the
animal sampled, which may provide the opportunity, for instance, of monitoring the healing process. A fourth
person can take care of the samples when the biopsy has succeeded.
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Material needed

- A small or relatively small boat (outboard or an average zodiac boat) with a sufficiently low bridge over the
water to shoot at the correct angle.

- Crossbow or gun and bolarts with tip.

- Storage and cleaning material (products)
- Freezer orterage frozen.

Implementation

Animal targeted should be approached nearby. Biopsies are realized by means of an arrow (pulled by a
crossbow or an airgun) whichulled with some force, take a piece of skin and fall into the water where it is
then recoveredavith the sampleln the same time, a photo allowing to identify animal is taken to obtain a
complete documentation for each animal. It should be noticed that the material (skin and blubber) is right away
stored following a strict protocol which can diffdepending on the planned analyses (genetic, hormone,
isotope): alcohol in one case, freezing in another.

As for photoldentification, for coastal species the approach can be made from a rubber boat directly, and for
more pelagic species a largessel caact as a base and a rubber boat can be towed and be used to approach
the animals whereas the large vessel stays away.

Because this method has a direct impact on cetaceans, it requires demands of previous authorization
applications.

Advantages
- Give access to information very difficult to obtain in another way (genetic, hormones, isotope)

- Biopsy sampling tends to be relatively affordable and can be easily paired with additional methods to
maximize data collection opportunities.

Limitations

- A strong disadvantage of biopsy is that it is invasive because the animal will be approached very near and
the biopsy itself (i.e. results in physical lesions), which restricts sampling to the size and age classes (and
species) that can be ethically targkteder existing permitting restrictions.

- The lifestyle of cetaceans, which spend only some fractions of their Herfece limit strongly options to
collect tissue from alive animals.

3.3.3.4. Land based tracking
Principle

This method consists in collectin@ta from a fixed point on the coast, following individuals crossing the area
watched from the point of observation. Ideally, the point of observation must be high. Such tracking allows
studying distribution, behawvim, use of the habitat and movemeaot$ocal cetaceans, without impact of boat
presence on the natural behawi@f animals. This method is suited for the study of a coastal resident
population or migrations close to the coast.

This method is most efficient for coastal population or resident groups. It can give results on distribution and
habitat use, in link with indicator 3.
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Human resources

At least 3 persons should be in charge of the observation and measures. One cére melesuires of the
group/animal followed, the second record notes, and the third one observes other part of the sea to detect other
animals.

Material needed

- Binoculars or a telescope on a tripod.
- Observation form or Dictaphone.

- Watch or clock.

- Compass or angleboard and an instrument to measure the distance between the animal and the observatior
post (e.g., clinometer camera for photogrammetry, theodolites).

Implementation

One or more observers position themselves at a strategic point of view (headland, cliff, strait, entrance of a
bay) and collects data on animals and weather. Observations can be made with naked eye or with binoculars
or telescopedut is dependent on a oakea and on a good atmospheric visibility.

This type of monitoring does not require some special authorization procedures as long as the observation
point is free of access.

Advantages

- Land-based methods are novasive, enabling the monitoring of nva@ mammals without risks of observer
induced disturbance.

- This is the least expensive techniques (no costs due to platform navigating at sea) used. It can therefore be
implemented often and so allow a leregm monitoring.

- The landbased method calpe easily standardized and realized all year round, according to observation
conditions.

Limitations

- The field of study is limited to the area covered visually (naked eye or binoculars); the prospecting area is
thus limited.

- Land-based methods are naalty constrained to relatively conspicuous species that regularly come to the
surface within sight of land.

- Investigations on finascale distribution are constrained by the difficulty in determining the precise
geographical position of cetaceans. Theiteslare widely used in such studies, but there are limitations to
their use. In particular, measurement readings can often bgdondghe collection is made on a cenif
gravity of a small group rather than on individuals. In addition, such groufrecnead over tens or hundreds
of meters; aingle position is rarely representative of all individuals.

3.4.  Standard monitoring of strandings anddatch animals

The monitoring of strandingand bycatch deal most of the time with dead animals.

A lot of data can be collected which will be used in the three indicators: as a first step, the collection of
strandings and bgatch information aids the construction of a species list of cetaceans present in the area (or
surroundings for strandings) amadrough measure of status and seasonal variation in abundanceth&hen
analysis of carcassegsvesa lot of information on demographic parameters.
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3.4.1. Stranding
Principle

Stranding is a monitoring method that is continuous all year round, with qualifiptepeady to go on each
stranding event of cetaceans when it occurs and is detected. Parameters of the animals are amehsured
biological samples are taken when possible and stored.

This method was the first one to be used by scientists as monitorihgdrisécause strandings occur all the
time and animals arrive on the coast, so they are easier to approach than living animals at sea.

Stranding of cetaceans represents an extremely precious scientific material for the knowledge of these species
difficult to study in their natural environment. Study of carcasses, realization of autopsies and complementary
analyses on biological samplings can supply information on the presence of a species, its distribution,
demography of populations, feeding regirhealth status of the animal (food, diseases, contamination), death
causes, impact of anthropological threats (incidental catches, ship strike). These data will be used mainly for
the indicator 5.

It is of crucial importance to fund this monitoring omdpterm and in a structured way. A network of
referenced people localised all along the coast and working in the same manner, linked to a coordinator, is the
base of an efficient monitoring network of strandings. An animation and steering committee Noouktie

network to function properly and guarantee the system's sustainability

Human resources

People trained to do the measurements and take biological samples according to specific standard protocols,
available to reach the stranded animals as sodnisgletected. Within the network there should be also
veterinarians to examine carcasses, detect the causes of mortalities and place to store the biological samples
(freezer).

Material needed

- Stranding forms

- Camera

- Tape measure

- Sampling kit (kife, shears, packaging materials)

- Refrigerated box and freezers network

- Dedicated dress, safety gloves, safety glasses

- Heavy equipment allowing to move carcass if necessary (bulldozers, rendering truck, car)
Implementation

When a cetacean strandiisgreported, one or more person is on the scepesi@nt the approach of people
and animals to the carcamsd take measures and biological samples. This method requires a specific
training for participants. A warning procedure must to be esta&ulisibe effective. A stranding network
must be developed to be efficient and bring useful data.

Approaching and dealing with dead animals as well as protected species need special authorization.

Advantages
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- Stranding bring even frequently information, evethédse are often limited and npredictable due to their
nature.

- Availability of the whole body and organs for analyses and conservation (tissue bank).

- Some species are known only by stranding and rarely observed at sea.
Limitations

- Not predictable and intervention must be realized on short time for sanitary reasons and for autopsy to be
exploitable from a scientific point of view, so requinavingan available person at the right time.

- Interventions on alive animalgepresent security and health risks for animals and rescuers. For animals,
distress and stress engendered by stramdagcause unpredictable and dangerous betravso, sanitary
risks and disease transmission between rescuers and the animal are real.

3.4.2. By-catch
Principle

Marine mammals are frequently captured in fishing gear-CByt c h 0 means <cetaceans ¢
by commercial fishing, sometimes but rarely by recreational fishing. Scientific observers can be embarked on
board professional fishg ships, to observe captures and fishing conditions, and to take measures and
biological samples.

Analysis of the measures and samples collected on carcasses provide a lot of information on demography
(indicator 5): size of animals, age at maturityeratof pr egnancy, sex rati oé

Human resources

People trained to do the measurements and take biological samples of cetaceans according to specific standarc
protocols. Often, they might take other measures on other species when going on a commerciat$isting

as observer. One person might go on one vessel for a period. This means that the most vessels to be monitored
the most people trained and authorized to board.

Material needed

- GPS, watch

- observation forms

- camera

- tape measure

- sampling kit knife, shears, packaging materials)
- freezer

Implementation

One observer embarked on board of a professional fishing vessel. His work consists in collecting scientific
data relative to the operation of fishing. He intervenes when a cetacean is captakediaia on the animal.
If possible, he takes biological samples, stored them and go back at land with them.
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To realize sampling on the individuals of marine mammals and bring them on land if useful and feasible,
administrative authorization requestseamecessary.

Advantages

-Bycatch bring crucial Dbiological i nf owhnoantludesck on
animals), even if these are often limited and-pogdictable due to their nature.

-Allthe animalsbyc aught mi ght be Afresho as they were aliyv
be taken from all of them, insuring availatyilof good quality samples for analyses.

- An observer aboard a fishing vessel will bring data on species and number of animals thataaighhyy
enabling to assess the impact of this threat for cetaceans (provide complementary information for &dicator
and 4).

Limitations
- The event of lycatch is rarely predictable, there might be necaich

- Difficulty in going aboard fishing vessel sometimes, because of willingness of fishing captains, size of the
vessel or authorization,

- Difficulty in doing the measurements and taking biological samples in some small sized fishing vessel, and
also in storing samples in a freezer.

- Intervention on a carcase in a moving vessel represents security risks for people. Also, sanitary risks and
disease transmissiontlieen people and the animal are real.

3.5.  Emerging Monitoring technologies
As technologies are improving fast, new studies using them are launch. As these are relatively recent, case
by case tested and relying upon oldtiencautanorhyooAUJY,s c ar
artificial intelligence software to analyses thousands of images, etc.) no standard method is yet approved or
define. But as this field is of growing interest and development, and as these technologies may be use within
the standal methods already presented in terms of improvements or adding values, these technologies will
be shortly presented in this document.

3.5.1. Unmannedinderwaterand aerial vehicles

3.5.1.1. Sampling from Drone (pictures, bl owé)

Advances in aerial drone technology offeew opportunities for studying cetaceans remotely and
noninvasively. These instruments are liggight, portable platforms piloted remotely from the ground/deck
of a vessel, and allowing surveys of remote, Handach areas within small time windows.

Drones or Unmanned Aerial Vehicles (UAVs) can be used to take picturedens by applying the line
transects method (visual), to answer abundance and distribution questions. As survey by aircraft, the protocol
consists to program to follow a flight pldefined and surveyed along pfetermined transects based on GPS
wayponts to form a full coverage survey grid. The drone takes a collection of images with an overlap in
coverage of the survey area, and records flight information such as GPS coordidatkisuale in the EXIF

header of each image file.

UAVs are a promisingpol for animal surveys. Indeed, this technology has many advantages:

- potential for carrying out relatively larggzale aerial imagbased surveys at often a fraction of the
cost of manned aerial surveys, and without many of the safety issues associated with
manned aircraft ;
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- low cost of UAV systems compared to manned aircraft may also allow greater flexibility in survey
design, for instance by flying two or more platformsjpécific time lags rather than employing the
circle-back maneuverer

- ability to repeatedly collect higtesolution aerial imagery, wixtremely low disturbande animals

- possibility to be used in areas where manned aerial operations are difficult and dangeralisyand
to survey sites with no airfields

- may eliminate observer bias in the data collection phase ;

- less subject to flight restrictions due to weather doos ;

- results are easily replicated and have minimal impact on the surrounding environment.

However, this technology has some limits :

- thelonger manual data peptocessing timestill pose some challenges (in terms of efficiency and
costs) ;

- environmatal and surveyelated variables, such as light conditions and wind, can affect detectability.
Several studies are in progress to quantifying detectability and certainty in animal
detections/identification using UAV technology ;

- the majority of availabl&JAVs is only useablever limited ranges (i.e. within liref-sight), at slow
speeds, and under small payloads ;

- stringent and countrspecific civil aviation regulations and complex permitting processes can limit
their adoption for scientific applications ;

- the covered surface is still lower than the one from a plane ;

- impossibility to fly in high winds (wind speedust be less than 25 knots on the ground);

depending on autonomy of the drone, a vessel can be needed as platform to take off and land, which increase
the costs

A drone can be also used as tool to approach an animal realized from a boat. It can alldyhielstvior

by achieving better visibility or to take a sample such as in the blow of a whale. This system atiows to

invasively collect mucus microbiota sampgagely and reliably, by minimizing external contamination such

as air and seawater fromtsigle the blowhole. Thitype of samples is used for hormonal analysis for example

and can help for the indicator 5.

3.5.1.2. Marine AUVs and glider

An AUV is a marine craft prprogrammed to conduct underwater missions without constant supervision or
monitoring by a human operator. They allow observations of species in their natural environment, with highly
accurate vertical and horizontal gpositioning and the ability to instantly react to the observed environment.

Ocean gliders are autonomous winged underwater vehicle that collects ocean data using {basgahcy
propulsion and can remain at sea for weeks to months at a time surveying oversspigfrom ones to
hundreds of kilome&s. Modern gliders can be fitted with cameras, mobile tracking systems, or acoustic
loggers/echosounderssome robots automatically detect those sounds, identify the species based on
characteristics of the soundsidareport which species have been heard to scientists on shore via satellite in
near real time.

Robots are powerful tools for accessing environments too dangerous or too remote for human exploration.
They can complement conventional forms of sampling fioyiding longterm, fineresolution coverage of

areas that are impractical or too expensive to survey, without constraint from weather conditions or sea states.
Some instruments can remain unattended for several weeks to months, offering an unsurpeseéd lev
autonomy.
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Their biggest drawbacks are their high costs, slow speeds, and limited dive times. Furthermore, their energy
storage and power consumption are some limits.

AUVs and ocean gliders are valuable for generating-teng datasets in remote Iditans but can be
challenging to deploy and recover.

Launching an AUVs or glider within the sea may be constrained by some authorizations.

3.5.2. Pictures and video

Digital cameras delivering stills and video feeds can be usedwgspart to observersin order b gain some
precision if needed. For example, they can be used during a sighting to precise group size count or identification
of species. Conducted in a more continuous way, they may help in enhancing encounter rates, although usually
within a narrower sarch swath located immediately beneath the plane. These technologies are helpful in being
used in parallel, to combine the advantages of human observations for scanning larger regions with the
advantages of laterHamnalysis and reassessmehimages andideos.

Several studies are in progress to test if those technologies alone could be used as monitoring methods. Tests
are in progress to allow an automatic detection and determination of cefdmagiansethods are not yet
operational. Aerial videography benefits from standardized methodologies that can be replicated, but is time
consuming and very costly, because the determination of cetaceans has to heastoopdvator.

Taking pictures or vide may be constrained by some authorizations.

4. Conclusion
Monitoring cetaceans is a hard task, based on the fact that they are highly mobile and spread in vast areas.
Methods have been developed to collect data to follow the evolution, mainly of théaudiish, their numbers
and their demographic characteristics. Monitoring such parameters imply a lot of knowledge, skills and
resources. Each method has its advantages and disadvantages, and approaches may frequently complemer
one another in providingraore complete picture of the status and distribution of a particular cetacean species.

A least a strandings monitoring should be organized, with a strong network, everywhere for baseline data on
cetaceans (distribution, presence, indices of abundancejoganalysis). Then a first visual and acoustic
survey should be organized over large scale for a knowledge about the global context, which could be repeated
regularly several years later (6 to 10). Ferries and oceanographic vessels should be usettdisaten
platforms if they cover an area on a regularly basis which can be important for cetaceans. Then more focused
monitoring programme covering smallerbut representative or important areas should be launch on a yearly
basis, including visual and acsiic with some biopsy and phelD.

Furthermore, the aim dhe monitoring programmes is also to get a global vision of the situation at the
Mediterranean level. So national programmes should ensure standardization, in method/platform/period with
neighbouing countries as much as possible. Even, promoting the implementation of transnational and
coordinated monitoring ensure a better ea&lf2@let i ve
Initiatives such as the ACCOBAMS Survey Initiative, 0o t he exi sting #AFi xed | in
net worko coordinating protocols and database of t
and supported. This kind of initiatives allows easily to merge all the data for further anbb/segenal or
subregional level. Standard strandings networks and pidetatification catalogues should also be
implemented at the strdegional level, following the recommendations of Decision 1G.23/6 on the 2017 MED
QSR (COP 20, Tirana, Albania, -PD December 2017) concerning harmonizatgdandardization
synchronicity of monitoring and assessment methods and improvement of availability /accessibility of the
datasets.
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Before embarking upon a monitoring programme, it is prudent to detepn@oisely what information can be
gained and what limitations exist. A lot of practical and operational adaptation can be found on a case basis.
A lot of monitoring programmes already exist, being a source of advises that should be ask for in order to gain

at quality, logistical and cost levels.
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. Introduction
1. Background

In 2008, the Contracting Parties to Barcelona Conventionnamely 21 Mediterranean countries and

the European Union (EU) decided to apply the ecosystem approach (EcAp) to the management of
human activities that may affect the Mediterranean marine and coastal environment for the promotion
of sustainable development (UNEP/MAP, 2007). It is an ecological strategy for the integrated
management of land, water and living resources that promotes conservation and sustainable use in an
equitable way, with the aim to ensure that human use of ecosystdept within the limits of capacity

of ecosystem. The ultimate objective of this approach is to achieve the Good Environmental Status
(GES) through informed management decisions, based on integrated quantitative assessment and
monitoring of the Marin@nd Coastal Environment of the Mediterranean.

In 2016, the Contracting Parties also agreed to design an Integrated Monitoring and Assessment
Programme (IMAP) with a list of regionally agreed good environmental status descriptions, common
indicators anddargets, with principles and clear timeline for its implementation according to the-6 year
EcAp cycles structure. Building and implementation of a regional monitoring system is the main goal
of IMAP to gather reliable and tip-date data and information ¢ime marine and coastal Mediterranean
environment. By adopting IMAP, Mediterranean countries committed to monitor and report on
Ecological Objectives (EOs) and their related common indicators (ClIs), in synergy with the EU Marine
Strategy Framework DirectiVd1SFD), covering three components: i) biodiversity and-imaligenous
species; ii) pollution and marine litter; and iii) coast and hydrography.

One of el even ecological objectives is ABiodive
6 mai nt &eytoehd Guantifisation of GES for EOL. This condition has three determining factors:

4. no further loss of the diversity within species, between species and of habitats/communities and
ecosystems at ecologically relevant scales;

5. any deteriorated attribugeof biological diversity are restored to and maintained at or above
target levels, where intrinsic conditions allow;

6. where the use of the marine environment is sustainable.

Among five common indicators related to biodiversity (EO1) fixed by IMAP, threeabout marine
mammals including the Mediterranean monk seal:

i Common indicator 3: Species distributional range;

i Common indicator 4: Population abundance of selected species;

i Common indicator 5: Population demographic characteristics (e.g. body size or age
class structure, sex ratio, fecundity rates, survival/mortality rates)

2. Purpose and Aims

As top predators in the Mediterranean Sea, the monk seals are an important element of marine
biodiversity. Their abundance and distribution are known to respond to various natural and
anthropogenic drivers. Role of lotgrm monitoring programmes in assagspopulation states are

widely recognized and several programmes covering the f@sh Atlantic marine environment
including plankton, fish, seabirds and marine mammals already in operation. Monitoring efforts of
Mediterranean monk seals are regionale dio their scattered distribution range. The largest
subpopulation inhabits the eastern Mediterranean Sea in Greece and Turkey. The second largest
aggregation located at Cabo Blanco. The third subpopulation inhabit the archipelago of Madeira and the
small unknown number of seals might inhabit at the eastern Morocco therefore every working group
has a different monitoring strategy regarding their regional differences.

The aim of this document is to provide guidance to monitor Mediterranean monk seafidm rtel the
IMAP common indicators, i.e distribution, abundance and population demographic characteristics (i.e.
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Body size or age class structure, sex ratio, fecundity rates, survival/mortality rates) at the Mediterranean
and national scale.

These monitong guidelines are for the surveys to be conducted in the areas where the Mediterranean
monk seal populations actively occur/inhabit.

3. Common Indicators related to Marine Mammals including the Mediterranean monk
seal

A common indicator is builtinthecone xt of t he Barcel ona Convention
simple, standardized, and communicable figure and is ideally applicable in the whole Mediterranean
basin, or at least on the level of s@gions, and is monitored by all Contracting Parthesommon

indicator is able to give an indication of the degree of threat or change in the marine ecosystem and can
deliver valuable information to decision makers

Among five common indicators related to biodiversity (EO1) fixed by IMARedhare about marine
mammals:

1 Common Indicator 3 Species distributional range:
This indicator is aimed at providing information about the geographical area in which marine
mammal species occur. It is intended to determine the species range of cetatsaatsahat
are present in Mediterranean waters, with a special focus on the species selected by the Parties.
The main outputs of the monitoring under this indicator will be maps of species presence,
distribution and occurrence.

1 Common Indicator 4 Popuhtion abundance of selected species:
This indicator refers to the total number of individuals belonging to a population in a specified
area in a given timeframe. Methods for estimating density and abundance are generally species
specific and ecological chacteristics of a target species should be considered carefully when
planning a research campaign. In this document, target species refers to the Mediterranean monk
seal.

T Common Indicator 5 Population demographic characteristics (e.g. body sizegerclass
structure, sex ratio, fecundity rates, survival/mortality rates):
This indicator aims to provide information about demographic parameters as the age structure,
age at sexual maturity, sex ratio and rates of birth (fecundity) and of death (y)orTdlese
data are particularly difficult to obtain for marine mammals. Monitoring effort should be
directed to collect longerm data series covering the various life stages of the selected species.
This would involve the participation of several teansng standard methodologies and
covering sites of particular importance for the key life stages of the target species.

6. Monitoring methods
6.1.  Monitoring strategy

Due to the very critical status of the Mediterranean monk seal, any type of monitoring atttiigy
species should be conducted under the supervision of the national authorized legislative bodies.

The Mediterranean monk seals spent most of their time in the water, however, monitoring them in the
aguatic environment is a challenging job and previtile information on the population. On the other

hand, they marine caves while haul out to rest and breed and this period is the best option to collect data
on the species. The most suitable method to monitor the Mediterranean monk seals in tliitocave

use nordeterring camera traps in order to minimize disturbance while monitoring.

2.1.1. Time, Place and period

In general, monitoring should be performed all year round. However, if there is any restriction to due to
season, location of cave, camera tapilability, the effort should be concentrated in monitoring only
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the breeding caves during the breeding season, which almost exclusively takes place between August to
December in the Eastern Mediterranean Sea. There are, however, not enough sciel@ifteg\o

propose that the breeding of the Mediterranean monk seals is strictly seasonal and could therefore show
a regional difference elsewhere.

2.1.2. Equipment
The following is the basic equipment needed for cave monitoring

A boat preferably and inflatabte is essential to reach the seal habitats

Camera trap with PIRased motion detector

Silicone sealant to be applied to the camera traps for extra protection against excess humidity
Waterproof dry bag and container to carry the camera traps and ettteorskc equipment

Flash memory card (16 GB or higher)

Personal Free diving equipment (ABC equipment)

Underwater torch

Hand hold GPS to record the position of the caves

Phototrap cavewall mounter (preferably made of chromium, customilt)

Protective egipment as required (such as (life vest, helmet, etc.)

= =4 -8 -4 8 -8 _9a _a 9

]

For landbased surveys a photo camera with teleplars (206400 mm) high magnification binocular
may also be used

2.1.3. Maintenance of Equipment

The most important equipment of monk seal surveys is camera trap. It is not waterproof but is weather
resistant. As camettaaps are deployed for long times in a cave environment that is extremely humid,
additional protection should be applied such asrsg#ie joints of the body with silicon sealant. Placing

a small umbrella like protection may be considered to prevent equipment from dripping water. Batteries
of GPS and underwater torches are checked before every survey. Setup oftareeshould alsbe

set considering the status of the environment in which the camera traps are to be deployed. Metal
(containing) equipment should be lubricated against corrosion after every use. After the camera trap
recovery, memory cards and batteries should be resioom the traps, and are cleaned to remove sea
salt.

2.2.  Monitoring methods
2.2.1. Primary monitoring methods
2.2.1.1. Cave survey and monitoring

As mentioned before, the best monitoring method of the Mediterranean monk seals is to observe them
in their haul out habitat(i.e. marine caves). Within this scope, cave surveys should be conducted to
identify caves that are suitable for monk seal use. Then, the caves that are actively used by monk seals
are monitored by cameteaps in order to minimize disturbance while monng the population.

2.2.1.2. Surveys to explore resting/breeding habitats
i.  Inareas not surveyed before

Surveys should be conducted in areas not investigated before to explore caves which meet the
requirements and descriptions of a Mediterranean monk seallc&/d/UNEP, 1998). Active surveys

should be carried out on coasts where the geography is suitable for cave formation. For that respect,
karst steep topographies are of great importance. The surveys should be done using a boat manned
preferably by four peopl two swimming along the coast of interest in search of caves; one recording
the data and one steering the boat. The monk seal cave might may have underwater entrance with very
narrow passage and a long corridor, so it is not always easily recognizablsuiface. The large and
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narrow openings, crevices and holes between the rocks should therefore be checked carefully. When an
entrance is found, a team member should enter the cave with necessary precautions taken in order not
to disturb the animals. Cawevith underwater entrances should always be investigated by free diving.
Noisy equipment, such as scuba diving equipment are not recommended for cave investigations as the
disturbance created by the bubbles can deter the seals. If the entrance okaaml@ng to be enter

on apneaSCUBA equipment may be used only for exploration.

ii. In areas surveyed before

If the area has already been surveyed before and an available information about the marine caves are
available to identify the caves to monitdhe procedures explained in the section above can be
neglected. However, in any case, surveys are recommended to cover the whole area at least once as
Mediterranean monk seals can also use protected and deep crevices for resting.

2.2.1.2.1. Cave Inventory

Information of newly explored caves should be recorded in both a field survey (Annex 1) and a cave
inventory protocol skets (Annex 2). The cave inventory protocol includes the coordinates of the cave
and various characteristics of the cave related tdvibditerranean monk seal monitoring including
number of entrances, resting platforms, air chambers, its photograph, total length, lswdierte

possible etc. Each cave should also be classified according to the categories described by Gucu et al.
(2004).

2.2.1.2.2. Selection of caves for monitoring

The height of the ceiling and width of the inner space of actively used caves are taken into consideration
to evaluate the risk that the camera could be exposed to strong waves while selecting a cave for
monitoring. In oder to prevent loss of cametraps, the caves that has ceiling lower than the maximum
wave height are not used for monitoring. Combination of various factors such as the season,
accessibility, cave type (potential, active or breeding) and cave chatcsenmumber of available

camera traps is effective of selection of caves for monitoring. However, ifg@ad monitoring is not

possible, then emphasis should be given to the breeding caves during the breeding season, as fecundity
is utmost importantgpulation parameter to be monitored.

2.2.1.2.3. Camera trap set up, deployment, and recovery

Commercially available camera traps have photograph, video and hybrid modes. The hybrid mode
allows both still photos and videos to be captured at each trigger so magdofbgdata collection on
behaviour. Camera image size should be in the highest resolution-agiBlgi photographs are needed

for the photeidentification analyses. The length of the video captures should be set considering the
duration of deploymenbattery life and the size of the memory card.

Data and time stamp of the caménap is crucially important for the data stored in the memory cards.
Thebuilti N cl ock should be set with care anttapst amp
has bilt-in temperature and moon stamps, which may be useful to have more information abeut the in
cave seal behaviour.

Most commercial camettaaps will take a photo (or record a video clip) automatically at your choice of

time intervals tgrevent the card from filling up with too many redundant images and to prolong battery
life. The interval between two consecutive activations may be set at 20 minutes and longer in order to
minimize disturbance (Gucu 2009). Sensor setting is set to atacmormal/medium if the auto option

is not available as in the case of some models. If the other fauna (bats, rats, etc.) is observed in the cave,
a low sensitivity of sensor settings may be used to avoid unnecessary activation of the camera trap by
thisfauna Tablel).
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Tablel. The basic camera sep for monk seal cave survey/monitoring
Basic camera trap setup for monk seal cave survey/monitoring
Front view Back view
Cable to Battery
Compartment
LCD Screen UPNideo
DOWN/Photo
LEFT
MENU
OK/Replay
Power/Mode RIGHT/Shot
Switch
Settings LCD screen view
set Node Set Node
Node Node
Camara Mode : -
Canera Hybrid
OK+SET  MEHU-Exit OK+SET  MENU-ExiT
set Mode
i : Inage size
Camera image size ol Pixel
OK+SET  MEHU-EXiT
set Node
. . . . Yideo Length
Video length if hybrid mode is set
OK+SET  HERU-EXiT
Set Node
Event interval lntal
OK+SET  MEHUSEXIT
Set Node Set Node Set Node
Sensor level Sensor Level Sensor Level Sensor Level
Nornal Loy

OK+SET  HMEHU-EXiT K+SET  HEHU-ExiT OK+SET  MEHU-ExiT

or

Location of the cameraaps is determined in order to get appropriate photos that cover the right location

where the animal hauls out most of its time in the cave. The number of traps used in a cave changes
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based on size and morphology of the cave. Thesaith wide inner space where the haul out platforms
are larger than the camera view angle is monitored with sufficient number of camera traps.

Phototrap cave wall mounter is placed to the suitable location by nailing its legs. When the suitability
of location is assured, it is permanently fixed by covering the legs with white cement. After drying of
cement, camera trap is fixed to the mobile arm of the wall mounter by using screws. At last, tilt angle
of the trap is checked, the paper cover over tiRedehsor is removed and the trap get activated. The
camera trap is strengthened with plastic cable ties.

Depending on combination of various factors such as the season, accessibility, cave type (potential,
active or breeding) and cave characteristics, canraps are left in caves for one to the maximum of

three months. During recovery, camera trap used is usually replaced with a new one, as the camera trap
used is usually worn out due to the conditions in the cave. However, the flash card is repladed only
there is no spare cametrap available and previous one is going to be kept in the cave for the next
survey.

2.2.2. Secondary monitoring methods

The methods below are used in the Mediterranean monk seal monitoring, but the output is usually very
limited. Sq these methods are considered as complementary to the primary monitoring methods.

2.2.2.1. Land based survey

Land based survey is conducted by a team of two observers during daytime at a high point on land where
presence of the monk seal is confirmed or previotegborted. During the observations, information is
collected on date and start and end times of observation, name and coordinates of observation point,
weather conditions (taken at hourly intervals or when it changes), time of seal sighting, seal ggrpholo

and behaviour. Photos/videos are taken when possible. Survey lasts over 1 hour and is stopped if a seal
does not appear after 2 hours of observation or, when the sighted seal disappeared from sight. As well
as during cave surveys and monitoring, weatloerditions (sea state, wind force and direction, and
visibility) are also factors limiting the ladgased surveys.

2.2.2.2. Opportunistic monitoring
i. Dedicated observers on opportunistic platform (i.e oceanographic vessel)

Surveys are performed lofedicated observers during daytime while the vessel is in transit. An observer

is placed on the bridge of the research vessel, searches for the presence of the monk seal using both
naked eye and binoculars. During the observations, information is coltzctéate and start and end

times and coordinates of observation, weather conditions (taken at hourly intervals or when it changes),
time of seal sighting, number of seals, morphology and belrayhotos/videos are taken when
possible. These observatioae carried out when the research vessel is cruising at speeds not greater
than 12 knots and weather conditions are relatively fair.

ii. Stranding

Information on stranded animal is recorded including the ID number, observation date, stranding
location, latitde and longitude coordinates, length and weight of the animal (where possible to
measure), age class, sex, stranding condition (live or dead), and other observational comments, including
evidence of injury or human interaction. Photos/videos are takerwhssible. Morphological features

are mapped to a seal identification sheet. Data on stranding contributes the mortality rate estimations
while evaluation demographic structure of the population.

2.2.3. Synthesis tables

Table2. A syntlesis table listing the different monitoring methods that can be used to monitor each
common indicator.
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Monitoring methods Cl3 Cl4 Cl5

Species Population Population ;
distributional  abundance demographic What to survey/monitor
range characteristics

Seal presence/absence
Seal habitats

Seal habitat use

Basic demographic

Surveys to explore
resting/breeding habitats

= = =4 -8 -9

Basic demographic
structure, parameters anc
trends

Seal habitat use

Seal behaviour
Individual identification
Monitoring the habitats
Low cost

Can be used for public
awareness

Cave monitoring X X X

= =4 =9 = =9

Land based surveys 0 0 X Seal presence/absence
Seal habitats
Seal habitat use

Behaviour

Seal presence/absence
Seal habitats

Dedicated observers on X X X
opportunistic platform (i.e.
a research vessel)

Stranding X X X f Input to basic
demographic structure
(specifically mortality
rates)

Table3. A synthesis table listing the different data analyses methods that can be used for each
common indicator. X: the method is relevant ; 0: the method is not relevant

Cl4 Cl5

Population Population

abundance demographic
characteristics

= =4 —a -8 -89

Photo-identification

Demographic analyses
Population Viability analyses
Mark -recapture analyses

Table4. Synthesis table listing the equipment for the different research methods. X represents the
equipment is used, 0 respresents the equipment that is not used
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Surveys to - _

Equi explore Cave Land based Oppgrtgnlstlc Oppgrtu_nlstlc

quipment . : S monitoring monitoring

resting/breeding | monitoring survey (from a vessel)| (stranding)
habitats

Research vessel/ 0

Inflatable boat X X 0 0

Photo/video 0

camera X X X X

Underwater torch X X 0 0 0

Personal free

diving equipment

(mask, snorkel an X X 0 0 0

fins) (ABC

equipment)

Camera trap with

PIR-based motion X X 0 0 0

detector

Flash memory car X X 0 0 0

Phototrap cave
wall mounter

(chromium, X X 0 0 0
custombuilt)

Silicone sealant X X 0 0 0
Waterproof dry 0
bag and container X X 0 0

Life vest X X 0 0 0

Various tools
(such as plastic

cable tie, nails, X X 0 0 0
pliers)
Binoculars 0 0 X X 0

Table5. Synthesis table listing the equipment for diféerent monitoring methods.

A Updating/Identification of A High cost and logistic
habitats challenges
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>\

Updating/recording of habitat

use

Recording of basic A Equipment iorone to water
demographic; structure, and damage

parameters and trends A Medium quality population
Recording of natural behaviou estimates

individual identification

No/minimal disturbance

Monitoring the habitats

Low cost

Can be used for public

awareness

Updating/ldentification of Poor individualidentification
habitats Low quality of population
Updating/recording of habitat estimates

use

Input to basic demographic

structure

Low cost and challenges

> > > >>>> > pd
>\ >\

> >

Updating/Identification of Poorindividual identification
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3. Data analyses
3.1. Photo-ldentification

Estimation of the population size of the Mediterranean Monk seals has a critical importance to assess
status of the species. However, it is very challenging job considering their small numbers and isolated
nature, therefore, methods used in cetacean stsdieh as tagging or observation from boats are not
applicable for this species. Phdid on the other hand is another commonly used method on numerous
species which is a practical alternative for monk seal studies.

The Mediterranean monk seal has digtishable unique pelage patterns, scars, natural marks, that can
be identified through highesolution photographs and video footages taken by camags Pelage

colour is not used to identify seals as it is dark and shiny when the seal just haulsgrataatly turns

light grey as the animal get dried during resti@gtained photographs are sorted by date and time to be
able to identify seals photographed at the same time. Captured images are controlled and photographed
seals are grouped regardingitlsex and the morphological categories based on Samarach and Gonzalez
(2000), Dendrinos et al. (1999), Ok (2006). The details of the morphological categories are given below
in section 3.2.1. Morphological features mapped to a seal identification simeetx(A). These sheets
include dorsal, ventral, lateral drawings of the seals which can Hédladimanually. Finally, the sheets
compiled in an identification catalogue that involves basic characteristics of the identified individuals
such as sex, nameorphological stage, date of the first sight and habitat information.
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3.2. Demographic structure
The demographic structure of the population is explored by using the approaches explained below.
3.2.1. Minimum estimated age
The minimum ages of the individuals are estimated according to the method given by Gucu et al (2004)
Estimated minimum age in years; Aest=JF365+X where

D: Date of the first sight.
P: Days transpired since the first sighting
X: the age of the indiduals at the first sighting.

In order to estimate minimum age of an individual in years, the age of the individuals at the first sighting
(X) is estimated by choosing one of the morphological categories describabl@b.

Table6. Modified morphological categories of the Mediterranean monk seal (taken from Ok, 2006).

ofillustration
Photos taken from Dendrinos et al. 1999
lllustrations taken from Samaranch and
Gonzales, 2000

skinny (puppremolted;

pms) 0.000.03

fat (puppremolted;pmf) 0.030.08

pwm moulting (pup
preweanedpwm) 0.080.14

pup-preweanedpw) 0.140.33
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youngsterweaned (y) 0.332.50

subadult(sa) 2.506.00

adult female youngafy) 6.00-7.00

adult male youngamy) 7.008.00

adult female eldefafe) 8.0020.00

=
o

adult male eldefame) 9.0020.00

=
[EEN

senesce femalgf) 20.00 - Not available

3.2.2. Fecundity
Fecundity of the population is calculated using the formula formed by Akgakaya et al. (1999)

Ft = Pt+1/At

Ft: Fecundity at time t.

Pt+1:Number of pups born at time t+1.
At: Number of parents at time t.

3.2.3. Annual birth rate

Annual birth rate of the population is calculated according to Gazo et al. (1999)

ABRt = Pt/AFt

ABRt = Annual birth rate at time t

Pt = Number of pups born at time t

AFt = Number of sexually mature females (categories starting from 7 in Table 2) at time t
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3.2.4. Survival and Mortality rates

Number of individuals and deaths (mainly stranded animals) are recorded for each year and used to
calculate the annual mortality ratedasubtract from one to obtain overall survival rate to the next year.
Following formula of Akgakaya et al. (1999) summarizes the calculation:

S=1-(Du1/ Ny

S:: Survival of the individuals at time t.
Nt Number of individuals at time t.
D:w+1: Number of deaths at time t+1.

3.3.  Additional Advanced methods
3.3.1. Population Viability Analysis

Population viability analysis is used to explore current and future status of the Mediterranean monk seals
including the threats faced by species, risk of their etitinor decline, and their chances for recovery,
based on speciepecific data as described by Akcakaya et al. (1999). Various types of population
models can employ depending on the structure of the population. A-sttagtired stochastic
population modl is used as its groups individuals in a population according to their age or
morphological characteristics, allowing vital rates (survival and fecundity) by age orctdagdo be
integrated in the model (Akgakaya 2000). Model results are summarizestnis of population
trajectories and risks of decline within different time durations and different parameters.

3.3.2. Mark -recapture Analyses

Data derived from phottdentification is exploited in markecapture analyses. In this approach, re
sighting events afeals with distinctive markings are used to study the movement patterns, site fidelity,
and population size (Karlsson, Hiby, Lundberg, 2005). More specifically, the marking recapturing index
(Lancia et al., 1994) is used considerirgpnple closed populan model of LincolrPetersen (Lincoln

1930). The first step is to capture and mark a sample of individuals. Marking methods depend on the
species. In monk seals, identified individuals are assumed as marked individuals. The assumption behind
mark-recaptue methods is that the proportion of individuals identified in first control recaptured in the
following period represents the proportion of identified individuals in the population as a whole.

4. Quality control

All the survey protocols filled are creshecked between at least two members of the survey team.
Photographs taken by camdraps are scored by different researchers taking into account various
factors such as image resolution, level of distinctiveness, visibility of natural marks. In ordéthe tes
accuracy of the photientification, the same set of photographs are assessed by different researchers.
Each national monitoring group has its own quality control protocols. Although especially photo
identification methods used are similar, the cide, scoring, and matching of images are varied greatly
amongst research groups. Therefore, it is recommended that a common protocol in quality control should
be developed between the contracting parties.
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Annex 1: Field survey protocol

Date:

Time start: Sty

Team:

Survey type:

WeatherConditions

Wind speed: \

Calm | Medium | Strong

Cloudiness:

Bright | Partl | Cloud | Rainy

Sea Condition

Wave direction: | \

Wave strength: |

Cal |

Mo | Ro | Sto | Sw

Turbidity: \

Clear | Blui | Green | Brow

Tide \

Up tide | Normal | Low tide

The Coastal |

From:

| To: | GPsS file:

Caves Discovered

Cave L L

Remark

Other survey remarks

Event

Time Lat Lon
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Annex 2: Cave inventory sheet

Cave code Cave name Discovered by

Cave Info

Latitude Longitude Photo frame

Total length in meters (opening to far end) \

Number of seal (s) : Sighting Code : Odor :

Number of chambers With air: Without air:

Cave entrance information

Entrance # Surface | Underw | Land Depth Height | Width Direction

Platform information

Platform Positio | Length | Width | Texture| Suitabil | Feces | Fur Track

Seal Evidence

Platform Depression | Track Fur Feces Other

Sketch of the cave
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Annex 3: identification sheet

Code

Sex

Sighted in
Cave(s) used
Number of photos
|dentification

Y1

: Female (Youngster)
: Zafer Burnu

A

120

- Ventral discoloration
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Executive Summary

Conservation and wise use of marine ecosystems requires managing human activities. Sound scientific
knowledge is needed to allow for adequate measures to be put in place. Monitoring and assessment of biologice
populations, and of the ecological nttitions on which they depend, becomes essential to achieve the
conservation objectives.

In the Mediterranean region, the UN Environment/MAP Barcelona Convelmiegrated Monitoring and
Assessment Programme of the Mediterranean Sea and Coast and Hekdsessment CriteridiMAP)

defines the roadmap to deliver the implementation of the Ecosystem Approach Process (ECAp process), betwee
2016 and 2021, to assess the status of the Mediterranean Sea and coast, as a basis for further and/or strengthe
measires.

In relation to seabirds, IMAP proposes to monitor and assess the following common indicator€I(3is):
Species distributional range (EO1); Cl 4: Population abundance of selected specigdkeO1); ClI 5:
Population demographic characteristic§EO1, e.g body size, age class structure, sex ratio, fecundity rates,
survival/mortality rates). IMAP recommends monitoring and assessing those common indicators for a selection
of representative species, 11 in total, organised into 5 functional groups.

Functional groups aim to combine information on different species to illustrate the effect of common factors.
Each functional group represents a predominant ecological role (e.g., offshore-methog birds, demersal
fish) within the species group. For the pwspmf these guidelines, the most relevant functional groups are
coastal top predators, inshore benthic feeders, offshore stefders, inshore surface feeders and offshore
(surface or pelagic) feeders.

It is recommended that competent authorities dgve@lononitoring strategy, detailing the species, data,
methodology, sites and timeframe. It should also specify the uses of the collected data. Ideally, the monitoring
strategy will be implemented through successive rauitiual work plans. It is advisalile keep things simple

and aim for the long term; a few species monitored in a reasonable number of representative sites over many
(20+) years is likely to provide more informative results than in the case of more ambitious approaches with a
variable effortover shorter periods of time.

The choice of monitoring method will depend on the species and data being sought. Counting birds at colonies
(colony censugis the single most effective way of obtaining numerical information on species abundance and
populaton trends over time. The number of colonies, and their spatial distribution also provides information on
species distribution range. Censuses should be carried out regularly evel§ $ears and must be done
professionally to keep disturbance to a mimim

Outside of the breeding coloniesunting bird numbers at particular sites where birds aggregate (for roosting,
bathing, etc.) can provide a good indication of their abundance, especially if censuses are carried out
simultaneously at several sitesdan par ti cul ar ar ea. Birdsd presence
good knowledge of local conditions and a large sample size can help improve accuracy of the estimates.
Similarly, shearwater raftsat sea near the breeding sites can be usegrasyafor breeding numbers at those

sites, but there is large variability in the size of those rafts, so they do not necessarily represent differences in
population size at the site. This method can complement other techniques, but it is not recommigsdechon

to estimate bird abundance.

Migration point counts allow for the assessment of the total abundance of birds passing through narrow points
at sea. This method can only be expected to provide reliable estimates at a few strategic points like the Strait o
Gibraltar but may be less accurate elsewhere. Daditidity can be an issue, but it could be improved using
distance sampling methods. Counting birds at migration points does not allow to establish a link with national
populations, so its use is limited.
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Ship-basedsurveysin set transects at constant spaggla very effective method to monitor seabird distribution

and abundance, particularly when the probability of detection is estimated at the same time using the method o
distance sampling. Ideally, the surveying team should have free use of a vessaitamidover its course of

travel and speed. Seabird distribution can be heavily disrupted by the appearance and activity of the survey
vessel; fishing boats are the least suitable for surveying, as they tend to attract a large number of species. Whe
suwveying, it is recommended to record the activity of the own as well as other vessels, especially if they are
fishing.

Aerial surveysare another effective method to study distribution andlwerding abundance on a large scale
but may not be a preferredethod in the Mediterranean context. Plane time can be very expensive, and the
distance and speed of the survey may limit the ability to detect or identify difficult species. It is important to
record all events (e.g., presence of fishing boats) duringuiveys. Distance sampling methods should be used
to estimate density.

Citizen science(opportunistic observations) arishermen questionnairesare supplementary methods to
obtain additional information on seabird distribution. Effectiveness of theseodset limited; their value
increases when behased observations are provided by regular collaborators and when the exact location
(coordinates) is recorded.

Capturei markirecapture methods are highly effective in providing robust estimates of degrephic
variables, but they require adequate planning andtemy commitment (at least 5 years, ideally 10 or more),
as well as highly specialised teams. This restricts the use of CMR metleoddatvely small number of sites
and species. The team should also collectidatiuon the breeding biology of the species under study to allow
for the development of population models.

Tracking methods are increasingly popular and may be extrenseliyl to unveil the movements and behaviour

of a small number of individuals. However, those individuals may not be necessarily representative of the whole
population, so sufficiently large sample sizes may be required. Tracking provides p@dgndat at a
medium to very high cost; their effectiveness to monitor bird abundance is limited, but they can help find/identify
hotspots of seabird activity.

Automated trail camerascan be used to provide data on breeding success and on the causes of fgijure (e
predation). This method is very effective in obtaining information, and multiple cameras can be deployed at
several colonies. There are associated costs in the cameras and in the number of human hours required to analy
the images or videos. The uskdrones allows for the estimation of the total area occupied by the breeding
colony, as well as total number and several estimations of density. Some preparation is needed before the sta
of the breeding season. Surveys should be stopped at the ifliest @ of disturbance/stress.

Comprehensive censuseshould cover all (most) breeding sites and should be carried out regularly, every 5 to
10 years. More intensive work can only be carried out at a few sites at a time: selected sites should be
representate of the range of ecological conditions available in the country or region. Also, care is needed when
extrapolating to the whole area of results from a few sites.

Survey effort should be timed to coincide with peak of detectabilityof each species.hE biggest effort must
be directed at continuing thiene seriesof previous monitoring activities. Most statistical analysis methods can
cope with one gap in the series, but few can manage two consecutive gaps (seasons) without data.

Use of the monitoringdata should be defined in the monitoring strategy. Data collection should be
straightforward and clear, and it should remain constant for as long as possible, for consistency in the time series
The types of statistical analyses should be clear fromdb@bing, and they should be shared with the team
doing the field work to increase the quality of the data.

Reporting must follow the UN Environment/MAP Barcelona Convention integrated data and information
system and should be based on the structure @dh@amon Indicator Fact Sheets. For EU Member States, the
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specific reporting scheme of article 12 of the Birds Directive requires them to provide data on the actual state
and trends of bird populations, with the next report due in 2019.

1. Introduction

UNSustainabl e Devel opment Goal 14 dLife below wat
seas and marine resources for sustainable development. To achieve this goal, it is necessary to manage hum
activities and to promote the conservation aige use of marine ecosystems. Monitoring and assessment, based
on scientific knowledge, become indispensable tools in order to assess the status of any marine system and t
put in place adequate measures.

The Ecosystem Approach (CBD 2000) integrates tAeagement of human activities and their institutions with

the knowledge of the functioning of ecosystems. It requires to identify and take action on influences that are
critical to the health of marine ecosystems, thereby achieving sustainable use steec@mods and services

and maintenance of ecosystem integrity (Fareted.2012). To inform management planning adequately, it is
especially important that assessment methods and management tools can incorporate new knowledge, ne
monitoring methods (ttackle the problem of covering large areas) and indicators into assessments, but still
maintain comparability with previous assessments so that any change in the status can be measured an
quantified (Borjeet al.2016).

2. Policy framework

In the contexbf the Mediterranean, the United Nations Environment Programme / Mediterranean Action Plan
adopted in 2017 ithtegrated Monitoring and Assessment Programme of the Mediterranean Sea and Coast and
Related Assessment CriterlMAP (Decision 1G.22/7). IMARlescribes the strategy, themes, and products that
the Contracting Parties of the Barcelona Convention are aiming to deliver over the second cycle of the
implementation of the Ecosystem Approach Process (EcAp process), between 2016 and 2021, in sedsr to as
the status of the Mediterranean Sea and coast, as a basis for further and/or strengthened measures.

In relation to seabirds, IMAP proposes to monitor and assess the following common indicators:

Common Indicator 3: Species distributional rafige1);

Common Indicator 4: Population abundance of selected sp&Es;

Common indicator 5: Population demographic characteri&io4, e.g. body size or age class structure,
sex ratio, fecundity rates, survival/mortality rates)

IMAP recommends monitoring arassessing those common indicators for a selection of representative sites
and species, which can showcase the relationship between environmental pressures and their main impacts c
the marine environment. For seabirds, these are summarised in Table 1 below

FUNCTIONAL GROUP SPECIES

Falco eleonorae El eonorads Fal
coastal top predators

Pandion haliaetus Osprey
intertidal benthic -feeders n.a.

. . Phalacrocoraxaristotelis :
inshore benthic feeders .. (Mediterranean) Shag
desmarestii
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offshore surface-feeders Larus audouinii
Larus genei Slendetbilled Gull
inshore surface feeders Thalasseus (= Sterna) bengalensLesser Crested Tern
Thalasseus (= Sterna) sandwcenrs andwich Tern
Hydrobategelagicus European Stormpetrel
offshore (surface or pelagic) Calonectris diomedea Scopoli s She:
feeders Puffinus yelkouan Yelkouan Shearwater
Puffinus mauretanicus Balearic Shearwater

It is also recommended that the Contracting Parties include at least the monitoring epduise with at least
two monitoring areas, one in a legvessure area (e.g. marine protected area/ Specially Protected Area of
Mediterranean Importance (SPAMI)) and one in a {figkssure area from human activity.

In the context of the European Union, Guission Decision (EU) 2017/848ets thecriteria, methodological
standards, specifications and standardised methods for monitoring and assessment of biological diversity. It
establishes the need to define the criteria, including the criteria elementghemd appropriate, the threshold
valuesto be used for each of the qualitative descriptors of Good Environmental Status (GES). Threshold values
are intended to contribute to the determination of a set of characteristics for GES and inform their @issEssme

the extent to which it is being aelvied. It further establishes that monitoring and assessment should be based
on the best available science. However, additional scientific and technical progress may still be required to
support their further devgbonent and should be used as the knowlegigeunderstanding become available.

3. Species aggregatioin functional groups

The use of functional groups for monitoring and assessment purposes results from the work of the Joint
ICES/OSPAR Working Group on Seats (JWGBIRD) (ICES 2015). Functional groups aim to combine
information on different species in order to illustrate the effect of common factors. The rationale for this
classification is that it is expected that natural and anthropogenic factors grediket similarly on species

that share the same food types and display similar feeding behaviours and are those, subject to the sam
constraints on food availability. Several regional conventions for the protection of the marine environment have
adoptedhe use of functional groups of species (e.g., OSPAR, HELCOM), and they also feature in the revised
Commission Decision on the Marine Strategy Framework Directive (2017/848/EU).

IMAP defines functional groups as ecologically relevant sets of specieartioupar (highly) mobile species
groups, such as birds, reptiles, marine mammals, fish and cephalopods. Each functional group represents
predominant ecological role (e.g. offshore surfBeaing birds, demersal fish) within the species group. For

the Mediterranean region, and for seabirds in particular, the most relevant functional groups are:

coastal top predatorsi birds of prey and other large predators at the top of the food chain in the coastal
environment, so not necessarily true seabitdsto senso In an unperturbed environment, a typical
representative would be the Whitgled Eagle ldaliaetus albicillg, a predator of seabirds, as well as

L Commission Decision (EU) 2017/848 of 17 May 2017 laying doviteria and methodological standards on good
environmental status of marine waters and specifications and standardised methods for monitoring and assessment, and
repealing Decision 2010/477/EU
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mammals and fish that historically suffered from prosecution and has now become rare in the region.
Two other birds of prey, OsprePandion haliaetys and E| e o Falco dedroragfypidaltyo n (
nest on sea cliffs. Although ecologically their niche may be broader, they are considered to belong to
this group for monitoring and assessment purposes.

intertidal benthic-feeders’i typically shorebirds (including SpoonbiRlatalea leucorodiy ducks, geese,

inshore

swans and gulls that mostly walk or wade while feeding. In the Mediterranean region, such birds
generally associate with wetlands or saltpans, rdtteer being characteristically coastal or marine.
IMAP does not identify any particular species as belonging to this functional group, so none will not be
considered for these Guidelines.

benthic feeder$ birds that dive to the seabed to feed,egatly on demersal fish. In the Mediterranean
region, this group is best represented by the Mediterranean Shlags (=Phalacrocorax) aristotelis
desmarest)i an endemic form estimated to number only 10,000 individuals and showing a
comparatively localdistribution. Mediterranean Shags have historically suffered a succession of
declines and recoveries and may be heavily affected by human pressure, both as a result of habita
occupation and of bycatch in fisheries.

offshore surfacefeedersi birds (e.g.gulls) that feed in the top layer of the water column on the outer part of

the continent al shelf or in the opdarusswaini The
is the most characteristic species of this functional group in this regiorspEb&s was once rare but

has seen a substantial recovery (especially in the western Mediterranean), as a consequence of thi
increased availability of fishing discards and of the protection of its nesting habitat.

inshore surface feeder$ restricted as feeders to the surface layer of the water column and occurring mostly

near the shore. In the Mediterranean region, this niche is occupied by the -BiadeBull (Larus
gene), Lesser Crested Terlfalasseus (= Sterna) bengalensimd Sandwich TernThalasseus (=
Sterna) sandvicengisThe former two, whilst not being endemic as species, have geographically and
numerically significant populations in the Mediterranean. Their specialised association-lyantpw
coasts and shallow watdras traditionally made them vulnerable to habitat transformation.

offshore (surface or pelagic) feeders open seas are typically the realm of seabirds that feed across a broad

depth range in the water column (albatrosses, petrels, penguins). In therMaddn, they form a small

group of endemic species that are extremely important for conservation: the Balearic Shearwater
(Puffinus mauretanicysind the Yelkouan Shearwat@uffinus yelkouanare both globally threatened.
Toget her wi t hats Calopeuttisididbrsededwhizlais also endemic, they fall frequent
victims to bycatch in longline fisheries and are also threatened on land by introduced predators in their
breeding colonies. The European StdPetrel Hydrobates pelagicyds the soleepresentative in our

region of the cosmopolitan group of stepetrels; these are small but leliged and truly oceanic
seabirds that feed on plankton and act as effective indicators of the general state of the marine
environment.
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Monitoring strategy

For effective use of limited resources, it is crucial that competent authorities develop a monitoring strategy,
which can provide detail on important aspects such as species, sites, methods and timing and regularity. It is
also important to decide on tlhuses of the collected data. Ideally, the strategy will be implemented through
successive multiannual work plans that will integrate pral posfield work, as well as the development of

the monitoring activities that need to be undertaken.

Based on thepecies composition, area and available resources, a monitoring strategy should cover the following
aspects:

a)

b)

d)

Species as a minimum, the representative species of each functional group (Table 1) should be monitored
on a regular basis, if present in the oioy. It is possible to add more species to the mix, but such a decision
must take into account that effective monitoring requires aterng commitment, which may be difficult

to meet for prolonged periods of time. Also, the decision to monitor addipeeies should not put at risk

the monitoring of the standard species set, as these benefit from the fact that they are being monitored on :
wider scale (e.g., whole Mediterranean region), which adds value to the data obtained at national or local
scale.

Data i the nature of the data to be collected varies with the common indicator and is specified in the
Common Indicator factsheets. A monitoring strategy should consider possible data in the form of numerical
values of distribution (total area occupiedmber of squares, maps), abundance (hnumber of birds present,
number of apparently occupied nests, etc.; relative density), breeding productivity (young fledged per egg
laid, young fledged per breeding attempt) and general demography (annual survivalvende
recruitment rate, age class rati?yherever possible, it is recommended to collect supplementary data on
environmental pressures that may be biologically relewanglready in practice in some countrigach

data may include colony surveys faridence of predation or evidence of anthropogenic waste (e.g., plastics)
in seabird nests, as well as blood and/or feather sampling for evidence of contamiadnitbirdsor their

young.

Methodology i an assessment of population size can be obtaitlkeer by counting the total number of
individuals at a given time or by counting numbers at selected periods of sampling, and then calculating the
total number through extrapolation. The latter method (i.e., sampling + calculating) is by far the cammones
but it requires an appropriate design of the sampling periods / sites, plus the use of robust statistical method:
for the calculation. A monitoring strategy should be specific about the sampling methods, the monitoring
techniques and the calculation pedures. It should also describe how different methods should interact,
e.g. by calculating an annual population trend value (through stratified and representative sampling) and
combining with a comprehensive, largeale census every 5 or 10 years.

Sitesi the monitoring strategy shall define the spatial dimension of its sampling effort. \Afie@leensuses

can only be carried every number of years (usually, between 5 and 10), whereas the annual effort of obtaining
data on population trends or on breedpegformance will have to be limited to a smaller sample of
representative sites. Even within single (large) colonies, it is often necessary to obtain detailed data from a
randomised selection of squares. The number and location of colonies monitoreflweitide the results

2, so0 it is important that the strategy considers the representativeness of each site in relation to the genera
context. It is generally recommended to treat the data with robustisgdtmethods that bear in mind the
relative weight of each site in the wider context of the entire population.

Timeframe 1 the timing and repeatability of monitoring activities will vary according to species and area.
In general, the monitoring strategyould aim at obtaining da&d infintum, or at least for as long as

2Toblerdés first |l aw of GeplgrephyiEseryti Rilngquitocoelrat ad i
things are more related than distant thingso (Tobler 1
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threatened species or sites remain in that status. For that reason, the strategy should aim at obtaining th
most valuable data (e.g., overall productivity with preference over first egg laying date), and the multiannual
work plan should guarantee that the necessary monitoring takes place at least once every year. For effective
monitoring, the strategy should also take into account the issue of seasonality and propose the ideal timing
for each sampling to take place. Ideatlye work plan should seek to optimise and combine samplings for
different species, wherever possible, to maximise the outcome.

In general, it is advisable to keep things simple and aim for the long term; a few species monitored in a reasonable
number ofrepresentative sites over 20+ years is likely to provide results that are far more informative than in
the case of more ambitious approaches with a variable effort over shorter periods of time.

5.

Monitoring methods

The choice of monitoring method will depd on the species and data being sought. For seabirds in the
Mediterranean region, the following methods may be considered:

Colony census

A

A

All seabirds invariably need to visit land in order to nest, and most breed colonially. Counting birds are
colonies is the single most effective way of obtaining numerical information on their abundance

(Common Indicator 4), and thus of their population trends over time. The number of colonies, and their
spatial distribution also provides information on spedisfibution range (Common Indicator 3).

In medium (2561000 breeding pairs) to large colonies (> 1000 b.p.), it will be difficult to accurately
assess the exact number of birds present. In these cases, it is recommended to record and plot the enti
area of the colony (e.g., by using drones, see below), and to monitor the spatial evolution of the colony
over time.

For very large colonies (e.g., > 5000 b.p.), it is recommended to define smaller squares (e.g., 20 x 20 m,
50 x 50 m, 100 x 100 m or largelepending on the species and the geography of the site) and to count
every single nest inside the square, to obtain a measure of density. By repeating the same procedure o
a number of squares, it is possible to obtain a measure of the average demsitl/aasts standard
deviation. Such values can be used to calculate the total population of the colony, by multiplying the
total number of squares by the average density + standard deviation.

For burrownesting species (storpetrels, shearwaters), it good practice to estimate the average
number of nests per burrow, as a single burrow or cave may contain several breeding pairs or nests.

Landbased roost (aggregation) counts

A

Several species, particularly of gulls, terns and cormorants (shags), agatquatdictable sites after
feeding or for roosting, bathing, etc. Assessing bird numbers at those sites can provide a good indication
of their abundance (Common Indicator 4), especially if censuses are carried out simultaneously at all
sites where birdsggregate in a particular area. This method is not without its drawbacks, as bird
presence may be influenced by external factors such as weather, season, day of the week, etc., so goo
knowledge of local conditions and a large sample size can help improwaey of the estimates.

Similarly, the wellknown tendency of some seabirds, particularly shearwaters, to form rafts at sea near
the breeding sites can be used as a proxy for breeding numbers at those sites. It is also known, howevel
that there is lamg variability in the size of those rafts, due to weather, time of year and local
characteristics of each colony, so they do not necessarily represent differences in population size at the
site. Given the number of potential biases (disturbance, time gfwlegther conditions)hts method
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should only be considered as supplementarypther monitoring methods because it may not be
indicative of abundance. The rafting behaviour at¥metwn breeding areas, though, may be useful to
inform the management of marine extensiaasbreeding colonies, in terms of phenology, spatial
extension, etc.

Migration point ounts

A As birds travel between different areas (e.g., during migration), geography may force them to funnel
through certain narrow points, where they become easier to detect and to count. One such place in the
Mediterranean region is the Strait of Gibrglthie only connection between the Mediterranean Sea and
the Atlantic Ocean and a necessary gateway for all species whose populations move between the two.
A small number of similar places exist in the region (e.g., Bosphorus, Dardanelles, northern Tunisia,
strait of Otranto) but their accuracy in tracking bird numbers is probably less reliable. Bird abundance
passing on migration near such places can be used as a proxy for their total abundance (Common
Indicator 4). However, issues of detectability (onfyraportion of all birds passing near the watchpoints
can be seen from land) and representativeness (the breeding sites of passing birds cannot be known
make this method not entirely suitable for monitoring seabirds in the Mediterranean. Combined analyses
of all watchpoints on a regular (annual) basis, and a long time series, may be able to reflect real
population changes.

Ship-based surveys

A Systematic surveying of marine areas in search of seabirds has historically produced good results in the
detection ohotspots of activity, generally associated to foraging behaviour. Observations of seabirds in
set transects at constant speed are particularly useful if the probability of detection is estimated at the
same time using the method of distance sampling (Bodket al. 2001). This method allows for the
estimation of the density of each species per transect (or per fraction of transect). Multiple estimations
of density can be combined and averaged for each unit of space (e.g., 10 x 10 km or 1° x 1° cells), so
they can be mapped and analysed spatially. This provides useful values of bird distribution (Common
Indicator 3) and abundance (Common Indicator 4).

A This welkknown method requires free use of a vessel that can offer good visibility, ideally with vantage
points as used for cetacean surveys; line ferries are used in several places with positive results, but theil
inability to change course limits their effectiveness for seabird monitoring. Seabird distribution can be
heavily altered by the appearance antivig of the survey vessel; fishing boats are the least suitable
for this purpose, as they tend to attract a large number of species. When surveying, it is recommended
to record the activity of the own as well as other vessels, especially if they arg.fish

A To make the data comparable int@mually, it is important that surveys are carried out at the same time
each year, and with efforthat are comparahlén addition, this monitoring must be coupled with
measurements of environmentadriables, particularly of the water mass (temperature, chlorophyll,
etc.), to make it possible to kithe interannual variability of observations to environmental conditions.

Aerial surveys

A Similar toshipbased surveys but on another scale, aerial surveys are used to collect distribution and
abundance data on seabirds, particularly of species with high detectability (e.g., gannets Morus sp.) or
low mobility (e.g., auks Kkidae). Using distance sampinmethods, aerial surveys can provide
abundance data over large sections of the ocean and are thus quite effective, albeit expensive. Howevel
in the Mediterranean region and for our set of species, aerial surveying ishargptahe most suitable
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method Detectability can be potentially quite low (e.qg., of stqretrels, shearwaters) and identification

at species level may be very difficult, almost impossible in some cases (e.g. Balearic vs. Yelkouan
Shearwater, or Sandwich vs. Lesser Crestrd).Fordifficult species, the use of HD cameras for photo

ID will undoubtedly improve identificatiofas successfully tested in e.g., Frgnce

A As with other surveys, it is important during aetiahsects to colleatata orenvironmental variables
to enable habitat modelling and testing of hypotheses.

Citizen science (bird portals, logbooks, opportunistic observations)

A Opportunistic observations of seabirds collectedsystematically by amateur ornithologists, seafarers
or the general public can piidke additional information on bird distribution (Common Indicator 3).
Such data can rarely be used to estimate densities, and therefore abundance, because they generally la
essential information on the space covered (transect) or the observatiortiefértTheir value lies in
their ability to provide information on spatial distribution and is particularly useful in detecting change
in the distribution of rapidly expanding species.

Questionnaires (fishermen, seafarers)

A Through the use of questionnairitss possible to obtain useful information from fishermen or
professional seafarers. The value of this information is generally qualitative and not quantitative, so it
is most useful when it involves data on seabird distribution (Common Indicatort®)ulaaly on the
location of nesting sites / colonies. Occasionally, the collaboration of fishermen can provide additional
info on breeding phenology or succesthough the burden dfie collection odlemographic data
must remain with objective methodsch as colony counts by experienced siaffsibly with the
assistance afamera near nests.

Capturei Mark’i Recapture

A Capturei marki recapture (CMR) methods provide robust estimates of demographic variables such as
individual survival, recruitmenand emigration (Amstrup, McDonald & Manly 2005). They require
adequate planning and lotgrm commitment, because seabirds are generallylioedy For this
activity, highly specialised teams are required that can capture and ring a sufficiently lalge ofim
birds over a long sequence of years (at least 5 years, ideally 10 or more), and who can analyse the dat
using specific software (Program MARK: White & Burnham 1999). This restricts the use of CMR
methods to a relatively small number of sites aretigs.

A In most cases, the same team of professional biologists collect data in situ on the breeding biology of
the species under study (e.g., no. of eggs laid, hatching success, chick survival, breeding success) tha
add to the information otlemography and are essential for the development of population nfddels.
by taking additional data during the same fieldwork, e.g., samples of feathers/blood to monitor
contamination by pollutants, it is possible to test hypotheses and develop popmatiels that will
contribute to our understanding of wvariations

Use of tracking methods (VHF, GPS, PTT) to locate important sites

A With the development of tracking technologies, the movements and behaviour of many individuals of
several seabird species have been unveiled. In the Mediterranean region, the most intensively studied
species with this met hod waarteerSc, o plouldiobusi nadnsd Gvd |
and Osprey. Tracking only provides information about the unique movements of tagged individuals, so
a large sample size may be needed to extrapolate those movements to the rest of the population. Despit
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the limitations, tracking data can be particularly useful in assessing the distribution of birds in a
population or in finding their breeding sites (e.g., the discovery of new colonies) (Common Indicator 3).
On the negative side, this method is expensive and dapavide presencenly data from a fraction

of the population.

A Tracking data can be analysed against environmental variables, either collected in the field or from
remote sensing, for functional habitat modelling or testing of hypotheses.

Trail cameras

A Automated trail cameras can be situated strategically at nesting sites to obtain timed data about breeding
biology and behaviour with limited disturbance. Importantly, trail cameras can also provide data on
breeding success and on the causes of failuge fgedation)so they can provide very useful additional
data to inform and test data from Common Indicator 5 (demography), as described previoigsly
method is very effective in obtaining information, and multiple cameras can be deployed at several
colonies. However, there are associated costs in the cameras themselves and in the number of huma
hours required to go through the recorded images or videos.

Drones

A The use of drones to assess breeding numbers at a given site is increasingly popatatantly being
developed. This method allows for the estimation of the total area occupied by the breeding colony
(Common Indicator 4), as well as total number and several estimations of density if the necessary
arrangements have been put in place bdfaréirds settle to start breeding (see Sdtdidmera et al.
2017) . For asynchronous species (e.g., El eonot
times in order to obtain data from all phases of the breeding cycle and count in all asimgis.

6. Territorial coverage

A monitoring strategy should recommend the spatial scale of the monitoring fefétiuld all areas be
monitored all the time? Or, given limited resources, is it better to concentrate on a few sites and extrapolate to
the whole? The answers to these questions depend on the geographical characteristics, and on the species be
monitored. In general, it is advisable to carry out regular censuses that cover all (most) breeding sites and attemf
to count all the birds; suatensuses should be carried out regularly, every 5 to 10 years.

For more intensive work, such as a cagtarark recapture scheme, or monitoring with trail cameras or drones,
work can only be carried out at only a few sites at a time. In the selectiorsefdites, it is important to follow

two criteria: (i) the sites should be representative of the range of ecological conditions available in the country
or region, so that good sites as well asswgjood sites are included; and (ii) extrapolation to thelevarea of

results from a few sites must be done with care because that the country is likely to be ecologically diverse.

7. Sampling design and representativeness

To obtain precise estimates, it is necessary to plan the sampling effort adequatedypditisularly important

when the whole area cannot be surveyed and only a selection of squares (cells) can be visited to obtain date
Survey effort should cover a sufficient number of cells that (a) represents the entire spectrum of ecological

conditions and (b) is statistically robust to allow for analysis of the data. The same strategy applies to the local

scale, in choosing the number of squares to count nests in a large breeding colony, or on a large scale, i
surveying marine areas using transects.
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Sampling should take place over enough cells, and preferably in the same cells or transects, every time. Throug|
this spatial consistency, a data log of bird counts at each spatial unit will develop over time that will allow for
further analysis in the fute, if conditions change.

8. Timing and regularity T the importance of longtime series

Survey effort should be timed to coincide with the peak of detectability of each species, for optimal results.
Peaks of breeding activity vary seasonally and ofteimgtine course of the day for all species, and a monitoring
strategy should account for that variability whilst trying to integrate different monitoring activities into a single
work plan. In any case, it is important to record all relevant details (dageX, time of day, activity of fishing
vessels, disturbance events, etc.) when carrying out the surveys, so that they can be taken into account durin
the analysis of the data.

The value of monitoring becomes increasingly important as the time seriesdselamger, because the ability

to detect change also increases. Therefore, the biggest effort must be directed at continuing the time series c
previous monitoring activities, which must remain unaltered with the same methods and in the same places
unlessgthere is good reason to change.

Most statistical analysis methods can cope with one gap in the series (generally equivalent to one season withot
monitoring), but few can manage two consecutive gaps (seasons) without data. Time series interrupted in this
way are generally irreparable and end at that point.

9. Data management, analysis and control

Use of the monitoring data should be defined in the monitoring strategy. This aspect should be integrated in the
design of all monitoring activities, and it shdude taken into account when they are carried out. Data collection
should be straightforward and clear, and it should remain constant for as long as possible, for consistency in the
time series. Ideally, a data analyst should form an integral part ofcthiboning team, and they should be able

to inform survey design. This strategy will improve the overall efficiency of the team.

The types of statistical analyses should be clear from the beginning, and they should be shared with the tean
doing the field wok. With an increased understanding of the whole process, individual observers will put more
attention into collecting additional or supplementary data about the conditions at the time of conducting their
activity; this will increase the quality of the dat

10. Reporting

As part of | MAPOs integrated assessment, Contract
on the quality and status of the marine environment under their jurisdiction. Reporting must follow the UN
Environment/MAP Barelona Convention integrated data and information system and should be based on the
structure of the Common Indicator Fact Sheets. IMAP encourages Contracting Parties toocdateipools

for data exchange.

In the context of the European Union, artickdt the Birds Directive 2009/147/EC (EU 2009) requires that EU
Member States report on the implementation of the national provisions taken under this Directive. This includes
providing data on the actual state and trends of bird populations, and mustebevery six years, starting in

2013, so the next report is due in 2019. The Birds Directive applies to all species of naturally occurring birds in
the wild state in the European territory of the Member States, and a detailed report has to be completed fo
regularly occurring species in the relevant seasons, including breeding, wintering and passage.
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Annex | Comparative table.: Characteristics of monitoring technigues

47 abundance
Colony census all

Puffinus(rafts)
Calonectris(rafts)
Phalacrocorax
Larus

Sterna

Land-based roost

) 47
(aggregation) counts | abundance

Puffinus
Calonectris
Larus
Sterna

47 abundance

Migration point counts

(37 distribution range)

o , : : , Personnel : ,
Monitoring technique Suitable species Common Indicator(s) Equipment Recommendation
requirements

trained
staff/volunteers;

at least one team+2
people) per colony;
ideally several teams
working
simultaneously in
several colonies;
coordination

A single moskeffective
. technique;
boat to access islands 8 :
or A should be carried out
or difficult places;
. regularly every 5 10 yrs;
binoculars; . ,
A must be done professionall
camera / drone .
to keep disturbance to
minimum

A no substitute for colony
census (especially true for
shearwater rafts)

single trained observe
or, preferably one
team (23 people) per

site; binoculars / telescope A suitable for norbreeding
ideally, several teams access to viewing species
working points A weather, season and local

simultaneously in

several sites;

coordination

trained observers;

at least one team+2

people) per binoculars / telescope
watchpoint; ideally access to viewing
several teams placed points

strategically to

maximise cover

conditions may affect
numbers
A should be repeated regular

A reliable estimates only
expected at few places like
Strait of Gibraltar,
Bosphorus, etc.

A no link to breeding
(national) ppulations
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A partial detectability; could
be improved by using
distance sampling

A very effective method to
study distribution and nen
breeding abundance

A vessel time very expensive
so less optimal solutions

often used
A ability to fix course/speed o
vessel with good travel neded for density
31 distribution range  1-3 trained observers VISIb'".ty (e.g.for : gsﬂ_maﬂon .
: N : o watching cetaceans); A fishing boats change bird
Ship-based surveys all 47 abundance if to cover 180° view; o .
" . control over vessel distribution and behaviour
additional data taken  binoculars )
course/speed of travel and should be avoided
binoculars A important to record all

events (e.g., presence of
fishing boats) during survey
Aimportant to collectiata on
environmentalariables
especially of the wtar mass
(temperature, salinity,
chlorophyll, etc.).
low-speed aeroplane A effective method to study

ey 1-2 trained observers with good visibility; distribution and non
: : 31 distribution range o - :
Aerial surveys most species . to cover 180° view;  control over plane breeding abundance on lar
47 abundance .
binoculars course/speed of travel scale

binoculars A plane time very expensive
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Citizen science (bird
portals, logbooks,
opportunistic

observations)

Questionnaires
(fishermen, seafarers)

Capture i Mark i
Recapture

all

all

all

31 distribution range

31 distribution range
(57 demography)

57 demography
(47 abundance)

volunteers with
varyingdegrees of
training

volunteering
professionals;
interviewing staff

professional team (3
people) withringing
licence;

data analyst

ringing equipment;
access to colonies

A ability to fix course/speed o
travel needed for density
estimation

A distance/speed limits ability
to identify difficult species

Aimportant to record all
events (e.g., presence of
fishing boatsphs well as
environmental datduring
survey

A low effectiveness; only
supplementary info
expected

A most valuable data from
boatbased observations

Aimportant to record exact
location (coordinates)

A limited effectiveness

A value increased when
collaboration becomes well
established over time

A very effective method to
obtain demographic data

A monitoring must be
maintained for >5 yrs

A work at breeding colonies
should can be combined
with collection of data on
breeding biologyor
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comprehensive
demographic analyses

A during fieldwork, important
to collect additional data
(e.g., blood/feather sample:
for analysis of
environmental factors

A extremely useful method to
unveil individual

e el movements / behaviour

Tracking methods cople) with ringin tagging devices; A not necessarily
(VHF, GPS, PTT) to all 31 distribution ri)cerrl)ce' ging ringing equipment; representative of whole
locate important sites ' access to colonies population, so large sample

data analyst . .
size required

A presenceonly data

A medium to very high cost

A can be used to provide dat:
on breeding success and
causes ofailure (e.g.,
predation)

small professional A effective and relatively low

trail cameras (several)

Trail cameras all 571 demography team (22 people); . cost, but require long man
. . access to site .
image/video analyst hours of lab work analysing

images/footage
A useful as supplementary
method
A low disturbance
31 distribution small team(1-3 flying drone; A very useful to assess total
all 47 abundance if people) with licence tc ' area of breeding colony (fo

additional data taken  fly drone; HD camera estimation of density)
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image/video analyst A some preparation before
breeding season essential
A survey should be stopped ¢
first evidenceof
disturbance/stress




D. Guidelines for monitoring marine turtles in the Mediterranean
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ACRONYMS AND ABBREVIATIONS

ASM Age at Sexual Maturity

CCL Curved Carapace Length

CF Clutch Frequency

Cl Confidence Intervals

CMR CaptureMark-Recapture

CS Clutch Size

DE Number of dead embryos

EES Number of empty egg shells

ES Emergence Success

Gl tract Gastro Intestinal Tract

GPS Global Positioning System

IP Incubation Period

IUCN International Union of Conservation of Nature
PE Number of predated eggs

PIT Passive Integrated Transponders
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RMU Regional Management Units
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SSF SmallScale Fleets

TED Turtle Excluder Device

UAV Unmanned Aerial Vehicle
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1. INTRODUCTION

Two species of sea turtiethe loggerheaturtle and the green turtferegularly occur and breed in the
Mediterranean Sea. The breeding activities of both species are regularly monitored in the main nesting
areas of ten countries; namely, Cyprus, Egypt, Greece, lIsrael, Italy, Lebanon, the Aiaygan
Jamahiriya, the Syrian Arab Republic, Turkey and
abundance and demographic characteristics are generally estimated according to nest counts in those
above countries. A recent approach has bedivite all species of sea turtle into Regional Management

Units (RMU; Wallace et al. 2010), identifying Mediterranean RMUs for loggerhead turtles (RMU:11)

and green turtles (RMU:17).

Sea turtles are a lodiyed species; they can take more than two decadesach maturity. They also

use different habitats at different age classes. -lRashlings mainly use pelagic habitats as
developmental areas and remain offshore until they reach large juvenile size (<40cm Curved Carapace
Length (CCL). However, onceeir CCL exceeds 30 cm, they start to shift their developmental areas to
neritic habitats. The monitoring of sea turtles must therefore be conducted not only on beaches but also
in the water, as they migrate between feeding grounds and spend the wintes. mont

The monitoring of sea turtles is mostly performed using these techn{gueminting the number of
nests during nesting period, (ii) collecting stranded turtles, (iii) inwater capture-mark-recapture
studies, and (iv) boat and aerial surveys.

Nestirg female sea turtles and their clutches in particular, have been used as indicators of population
size and trends (Bjorndal et al., 1999; Broderick et al., 2002; Margaritoulis, 2005; Tiurkozan & Yilmaz,
2008). Nesting activity has the potential to address indications that specifically relate to the
Barcelona Convention Decision on Common Indicators (1G.22/3), namely:

- Common indicator 4 (Cl4): Population abundance of selected species
- Common indicator 5 (CI5): Population demographic characteristics

Sea tutles inhabit the shallow waters along coasts and around islands, but most are highly migratory,
particularly as juveniles, and are found in the open sea. After the nesting season, species in temperate
areas migrate to warmer waters, to avoid cold tempesatin addition, only female turtles are observed

on the nesting beaches; males and juveniles never come ashore (Heppell et al., 2003). Consequently,
determining empirical estimates for the number of juveniles is extremely challenging.

For instance, boatrveys and aerial surveys can be used to estimate the number of turtles on the surface
as Visual Counting Surveys and then the total number can be extrapolated. These techniques give an
indication in accordance with the Barcelona Convention Decisio8ZI8), in particular:

- Common indicator 3 (CI3): Species distributional range

These monitoring activities can be classified adanitoring carried out on beaches; Monitoring
carried out at sea and Blonitoring that takes place in rehabilitation trels and/or labs.
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Figure 1. Spatial sea turtle monitoring andresearch activities

Sea turtles exhibit high nesite fidelity. Research on migratory behaviour and the distribution of sea
turtles shows that adult turtle fidelity to breeding sites is also a component of homing behaviour. It has
also beerdirectly observed, mainly in fenesd, through flipper and satellite tagging (Margaritoulis,





























































































