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[Ipdroyog

Ot av&avopeveg avBpwmoyeveig méseg OV aoKovvion 610 Bahdooio mepiPailov Bétovv
oe kivouvo 1 Con ot Bdlacoca. Ilpokeyévov va Satnpnbel 1 Promowidotnta, ivol
avaykoio vo Anefodv péTpa mpooTaciag Kot vo optotohv OoAGCCIEG TPOGTATEVOUEVEG
nepoyéc. O BaAdoolog yopoTaEikog oxedlacudc anotedel o gpyoieio To omoio cuvoVALEt
OKOAOYIKGL KOl KOWMVIKOTOMTIKA OTolyEld, OVTOC (OOTE VO, EPUPUOCTOVV  TOKTIKEG
mpooTaciog TG PromotkiAdtTnTag, SoTtapdocovtag 060 TO dVVATOV AYOTEPO TIG OVOPAOTIVES
dpaoctpromres. ['a va givor omodotikd ¢ epyareio, amottobvTol yYOPIKA OeO0UEVO TOGO Y1o.
TIG avOpOTIVES SpacTNPLOTNTEG, OGO KO Y10l TIG OIKOAOYIKESG TTOPOUUETPOVS TTOV LEAETMVTOL.

Mo pébodog oviroync dedopévmv eivor to Citizen Science, dnAadn 1 GLUUETOYN
TEPPAALOVTIKE EVEPYDV TOMTOV, Ol 0TOi0l OU®G Oev €lval KatapTiopévol emotnuoves. H
ayamn yio 1o TePPAALoV Kot 0 Tryaiog evOOLGLOGHOG Yo TV EmGTAUN £ivon Ta KivnTpa TV
efelovtav Yo vo cUUPBEALOVY pE TOV J1IKO TOVG LOVASIKO TPOTO GTNV EMGTNUOVIKT EPELVOL.
Xmv egpyacia avty, &&etdlovrar ta mAgovektnuato g peBOOOL TOGO ®G TPOG TNV
EMIGTNLOVIKY] KOWVOTNTA, 0G0 KOl (0O TPOS TOVS TOAITEG TOV GLUUETEYOVV, KAOMDS emiong Kot 1
cupfoin ™ neBOSOL VTG GTNV EMGTNUOVIKT EPELVOL.

H moapoboo epyosio omotedel [0 TPOTOPYIKY  TPOSTADE  YOPTOYPAPNONG
TPOCTATELOLEVOV €MV oto Atyaio pe tn ypnomn odedopévav omd omuoctevpévn (m.y.
emotuovikyy PipAoypagio) Kkor pn (my. Pacelc dedouévov kot cvvevteLEES e un-
KATOPTIOCUEVOLG  TOAiTEG) mAnpogopia. Agutepgvov  GTOY0G MtV 1 GOYKPIOT  TNG
OmOTEAECUATIKOTNTAG KAOe HeBOOOL G TPOC TNV TOPOYT] TANPOPOPLDY YLl EPEVVNTIKOVG
oKOTOVC.

Evyapiotieg

®a NBeha va evyoploTom WTtépme v Mopia Zivn, HETAOIOOKTOPIKN EPELVNTPLO TOV
Tunuatog Emomuov ™ Odhaccog, ywoo v mopoyn OedoUEV@V omd  EMIGTNUOVIKN
Biproypapia, Pacelg dedopévov Kol ovvevtediels, Kabmg kot ywoo T Oonuovpyio Tov
gpoTUaTOA0Yiov, ot TAaica tov poypdupatog MARISCA.

Kotém, 0o 10eha va gvyapiotion tov emiPAénovto kabnynt) g moapovcos epyoaciog,
2tého Katoavefakn, avarinpot) kabnyntm tov Tuquoatog Emomuov g Odlaccag, yio
TNV EUMIGTOGHVN TOV OV £JEEE KO TV TOAVTIUT PonBe1d Tov.

Téhog, Ba NBeLa Vo ELYOPIOTNO® OO TAL KATASVTIKA KEVTPO, TOVS OVTEG KOl TOVG TOALTES-
EMOTNUOVEG OV OVTOTOKPIONKOV GTO EPOTNUATOAIYIO Kol GUVEBOALOY LE TOV TPOTO TOVLG
GTN GLALOYY] TANPOPOPLADV Y10 TV OAOKANP®GN TNG EPYAGING.
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Prologue

The increasing anthropogenic pressures in the marine environment are posing a threat to
marine life. In order to conserve the biodiversity, it is necessary to enforce protection
measures and create marine protected areas. Marine spatial planning is the tool which
combines ecological and socioeconomic features, in order to apply protection measures with
the less possible disturbance of human activities. The effectiveness of this method relies on
the amount of spatial information needed, not only towards human activities, but
environmental parameters involved as well.

One of the techniques available for data gathering is Citizen Science, which describes the
participation of environmental active citizens, who are not scientists. The love for nature and
the genuine passion for science are the motivations of volunteers to contribute with their
unique way to the scientific research. In this study, we examine the benefits of this technique
towards the scientific community and the participating citizens as well, and its contribution to
scientific research.

The present study is a preliminary mapping of marine protected species in the Aegean Sea,
using data from published (scientific literature review) and non- published (online databases,
citizen science) sources. A secondary goal of this study was the comparison of the
effectiveness of each information source.
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ITEPIAHYH

To Avyaio ITéAayog eivar to Popetoavatoikd Tpuqua e Mecsoyeiov ®dhacoag, 1 oroio
Bewpeitan  mepoy avénuévne  Promowkikdtrag. To  Aryaio ovtpetomiler  mowkiieg
avBpomoyeveig méoelg kal eival ekteBelévo 1060 o1V KALOTIKN 0AAXyr, 0G0 Kol GTNV
ewlofoly aAhdyBovav €wmv. [MapdAinia, n mepoyn yopaxtnpiletor amd LVYNAL emimeda
agOoviag e10mV Kot Katowkeiton Kot amd mpootatevopeva gion. Ilpokeévon va mpoctotevtel
N Barhdooio Promowihdtnra, eivar amapaitnto vo Anebodv péTpa TpocTaciag Kot To pyaieio
pe to omoio cuvoLALoVTaL Ol JPOPES OIKOAOYIKES, KOVMVIKEG KO OIKOVOLKES TOPAUETPOL
glvar 0 Bardoolog ywpotasikdg oyedacpuds. o va mpoPfodue oto Bardoocio ympotalikd
OYEOGO, TPOOMALTEITOL 1 YVOON KOTOVOUNG NG PLOTOIKIAOTNTOS OTNV TPOG UEAETN
TEPLOYN, KOOGS Kal 01 avOpOTIVEG dpacTnPlOTNTES TOL AapPdvouy ydpa og avty. H mapovoa
gpyooia exmovinke ota mhaicia tov mpoypaupoatos MARISCA, to omoio otdyeve otnv
TPOTOOT €VOG OIKTVOL BOAACGI®V TPOGTUTEVOUEVOV TEPLOYDV, GLVIVALOVTOC OUKOAOYLK(L
ogdopéva amd moikileg mnyég, OMMG: ekTEVNG PPAOYPUQIKY) OVOCKOTNON, OLOTKTLOKES
Baoeig dedopévav, cuAdoyn VEoV otolyeimv pe derypatonyieg mediov, Kot cuvevtedEEIS Le
dvtec, Puolodipeg M un-emayyeipatieg emotiuoveg (Citizen scientists). Lxomdg avtig g
gpyooiag ivar n onpovpyio yopT®V Kotavouns BoAdcoiwV TPOCTATELOUEVOV EWOMV KoL 1
a&loAdynomn g cLUPOANG TG emoTUNG TV ToAMT®V (Citizen science) ot yoptoypdenon
™¢ Promowilotntog. Q¢ citizen science opiletat 1 GLAAOYN TANPOPOPIDOV ETIGTNUOVIKOD
eVOLIPEPOVTOG e TN Pondeta un-KatapTicpéveoy e0eAoVIOV, TOV KoT' ETEKTACT LELDVEL TO
xPOvo ko ta €000 ™G Epevvag (€101KE GE TEPLOYES UEYAAOVL YE®YPOUPIKOV €DPOVGS), EVM
TapOAANAe. wpodyel TV TmEPPaAlovTIKY ekmaidevon Kot emkowvovia. Ta &lon mov
peremOnkav mpootatevovtal amd e0vikn kol oebvny vopobecio kol avikovv o€ TEVTE
tagwopikég opdoeg (omdyyor, avBolma, poAdxia, exvodeppa, okTvortepvyle). Ot yapTeg
KOTOVOUNG amekovilovy TNV mapovsio Twv €10GV avl Tnyn TANPoPopiag, oVTOG MGTE Vo
anotunwbel kot vo mocotikomomOei | cvpPoin Tov citizen science oty cuALOYN dedopéEvav.
H é\ewyn yvoong og mpog v KOTAVOUN OPIoUEVOV €W0OV omd o Ty O0E00UEVMV,
emPefordvel TV ovAYKN  GLVOLOGUOD  SPOPETIKMY TEXVIKOV GULAAOYNG YOPIKNG
TAnpoopiag. Q¢ ek TOVTOL, £ivol amapaiTNTN 1 EVICYLOT ETICTNUOVIKOV EYXEPNUATOV TOV
AmOPAETOVV GTNV KOTAVONOT| TNG TPOS UEAETN TEPLOYNG, YPTNOLOTOLOVTOS KAOe drobéoio
gpyoreio Yo GLAAOYN] OWKOAOYIKAOV Oedopévev, TPokeéEVoOL va  mpotabodv  mo
OTOTEAECUATIKG PETPO TpooTaciag. H ypnon ochyypovng texvoloyiag umopel vo w@EANGEL TN
cvAloyn| dedopévov opilovtag pia maykocuia Bdon dedopévov, pe ehevbepn mpdosPacn mov
Ba meprhapfavel Kot TopaTnpNoelg amd TOAITEG UN-eEEIOIKELILEVOUG.

AEEEIX - KAEIAIA:
citizen science, Tpoctatevdpeva €idn, Oardooto BlorTotkiAdTNTO, YAPTES KATAVOUNG EWODV,
Avyaio
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ABSTRACT

The Aegean Sea is the northeast part of the Mediterranean Sea which is considered a
biodiversity hotspot. The Aegean Sea is facing various anthropogenic pressures and is
exposed to climate change and invasive species. Meanwhile, the area is characterized by high
levels of species richness and is inhabited by protected species as well. In order to protect the
marine biodiversity, conservation measures should be taken and the tool to achieve the
combination of ecological, social and economic features is Marine Spatial Planning (MSP). In
order to proceed with MSP it is important to collect information about the biodiversity
distribution in the study area and the human uses of the sea. This study was carried in the
framework of the MARISCA project, which aimed to the proposition of a network of Marine
Protected Areas and combined ecological data from various sources such as: scientific
literature, online databases, collection of new data through fieldwork, and citizen science. The
goal of this paper was the creation of distribution maps of marine protected species in the
Aegean and the assessment of the value of citizen science for biodiversity mapping. Citizen
science is defined as the gathering of information of scientific interest by using the knowledge
of non-expert volunteers, which as a result could decrease the money and time needed in field
research (especially in large scale studies), at the same time the environmental education and
communication can benefit the participants. The studied species are protected by national and
international legislation and were categorized in five taxonomic groups (Porifera, Anthozoa,
Mollusca, Echinodermata, Actinopterygii). The maps were illustrated with point data to mark
the presence of the targeted species and showed the distribution of spatial data that occurred
from scientific literature, citizen science and online databases. The lack of knowledge
considering the distribution of several species from single source data, confirms the need to
combine different spatial information gathering techniques. As a result, it is important to
invest to scientific initiatives (aiming to the ecologic data gathering by using any tools
available) in order to understand the study area and propose the most effective conservation
measures. The use of modern technology can benefit the data collection by setting a global
database with public access that includes observations from citizens as well.

KEY WORDS:
Citizen science, marine protected species, marine biodiversity, distribution maps, Aegean
Sea
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INTRODUCTION

From the Mediterranean to the Aegean Sea: a biodiversity hotspot that needs protection

The Mediterranean Sea is a biodiversity hotspot due to its high level of endemism noticed
in plant and animal species (Vié et al., 2009). Within the semi closed basin a variety of
ecoregions is found, thus there are a lot of different habitats (Mouillot et al., 2011) to host
more than 17.000 marine species (Coll et al., 2010) (4-18% of all known marine species) and
approximately 25% of them are endemic. In the Mediterranean Sea, a decreasing gradient of
species richness is noticed from north-west to south east, with the exception of the northern
Aegean coasts, where there is an increasing trend of species richness (Coll et al., 2010). Most
of the protected vertebrate species (i.e. fishes, mammals, sea turtles) occur in the southwest
coasts of the Mediterranean as well as the North Aegean Sea (Coll et al., 2010).

Natural forces and anthropogenic pressures such as overfishing, marine pollution, coastal
development, aquaculture, climate change, habitat degradation and the introduction of alien
species consist the biggest threats to the Mediterranean biodiversity (Coll et al., 2010;
Costello et al., 2010; Katsanevakis et al., 2014) leading the enclosed sea to the most
threatened seas worldwide -in terms of biodiversity- (Costello et al., 2010).

The Aegean Sea is highly affected by human activities such as tourism, overfishing,
agriculture, waste disposal, aquaculture and shipping, posing a threat to endemic species
which are already facing the menace of climate change and the invasion of alien species
(Halpern et al., 2008; Coll et al., 2011; Micheli et al., 2013).

Despite the centuries of natural resources exploitation in the Aegean, there is noticed a
lack of knowledge regarding the species distribution (Juanes, 2001; Voultsiadou et al., 2013).

In order to prevent the species extinction, the Convention on Biological Diversity (CBD)
set the Aichi Target 11 which suggests that by 2020, 10% of the sea should be protected
(Thomas et al., 2014). In addition, protected species are safeguarded by national and/or
international legislation. However, if the law is not enforced, the species are still exposed to
threats (Katsanevakis et al., 2011). Ecological information and spatial details should be
considered before any application of protective measures. Marine Spatial Planning is an
essential tool for the environmental protection, since it helps set the boundaries between
human use of the sea and Marine Protected Areas (Douvere, 2008; Issaris et al., 2012).

Designing a protected area requires information about the distribution of protected species,
the habitat type and the pattern of threats in the surrounding environment, highlighting the
necessity of creating maps with all the details needed (Margules and Pressey, 2000). If the
coverage area of the protected species is unknown, it is not possible to have effective
protection measures. It is mandatory to collect, visualize and analyze all the natural and
socioeconomic features in order to set the base for an effective conservation plan (Issaris et
al., 2012).

Considering the surface of the Mediterranean Sea, and even in this case, the Aegean Sea,
the lack of information on ecological features is prohibitive to proceed to marine spatial
planning (Giakoumi et al., 2011).

In an attempt to understand the spatial and biological details of the study area, the scientific
community needs all the possible available information. Scientific literature is a valid source
of information. The problem in searching scientific literature occurs when the current study
area or the targeted species do not concur with the information found published. In this case
study, the targeted species were twenty and not all of them had available scientific literature
data. In addition, the study area was large, and the published information sometimes covered
only parts of it. As a result, in order to fill the gap of knowledge, Citizen Science is an
additional tool to help scientists gather the information needed (Johnson et al., 2014).
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This study aims to locate protected species throughout the Aegean Sea by collecting citizen
science data and compare the results with data occurred from an extended scientific literature
review gathered in the framework of the MARISCA project. Detailed distribution maps of the
protected species of the taxonomic groups of Porifera, Anthozoa, Mollusca, Echinodermata
and Actinopterygii were produced.

What is Citizen Science?

The history of Citizen Science goes back in the 1900, when the National Audubon Society
started the annual Christmas bird count which still provides data by thousands of participants
every year (Cohn, 2008; Silvertown, 2009). However, the term ‘“citizen science” first
appeared in 1960 (Cohn, 2008).

The term Citizen Science (CS) describes a scientific initiative in which volunteers
participate in one or more steps of the research (Cooper et al., 2007).

CS volunteers can be amateur naturalists or science enthusiasts without scientific
background, students or professional scientists volunteering usually as field assistants (Cohn,
2008; Groom et al., 2016).

Typically, in CS the volunteer’s duty is to collect data and any further analysis concerns
the scientists supervising the project (Cohn, 2008). Nevertheless, in some cases, volunteers
participate in the analysis or help co-design projects with scientists (Johnson et al., 2014). The
difference between community-based monitoring and citizen science occurs from the level of
involvement of citizens in the monitoring of a natural resource (Chandler et al., 2017). For the
purpose of this work, we refer to CS only for gathering information from citizen scientists.

The biggest advantage of recruiting volunteers is the number of data collectors. More
people can cover easier wide geographic ranges; thus CS is a great tool to gather spatial
information (Cooper et al., 2007; Bonney et al., 2009).

Over the past decades, more and more scientific initiatives use CS as data collection tool
(Foster- Smith & Evans, 2003) for projects concerning biological conservation, climate
change, ecology restoration, alien species and monitoring (Silvertown, 2009). There are
numerous on-going CS projects around the globe, apart from the Audubon Christmas Bird
Count, such as: Plankton Portal (https://www.planktonportal.org/), Microplastics Project
(https://www.adventurescientists.org/microplastics.html) and JellyWatch
(http://jellywatch.org/).

Citizen science is a very flexible tool in scientific studies since volunteers gather
information according to the researchers’ question. The goals and objectives of the research
determine the information needed from citizens (Cooper et al., 2007), if the tasks given to
volunteers are realistic and achievable, as long as the goals and methods of the research are
clear, then citizen science can provide reliable and sufficient information (Foster-Smith &
Evans, 2003; Barnard et al., 2017). The quality of data provided by citizen science can be
ensured by training the participants to recognize species, using new tools and techniques or
any further knowledge is considered vital to the specific study (Cohn, 2008). So far, citizen
science projects were completed successfully regarding large scale biodiversity monitoring,
developing guidelines for habitat preservation, restoration activities, presence/ absence of
target species, population structures, population trends, distribution range changes and can
also benefit the research of long term patterns, early warning system for biodiversity changes
and help guide-lining preserved habitats (Foster-Smith & Evans, 2003; Cooper et al., 2007;
Delaney et al., 2007; Cohn, 2008; Barnard et al., 2017; Chandler et al., 2017). CS projects are
not only beneficial towards scientific research, but environmental education is also promoted
and as a result, citizens can participate in environmental advocacy (Cooper et al., 2007;
Bonney et al., 2009; Johnson et al., 2014).
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Why scientists use CS? / Benefits for scientific research

Given the demands of a scientific project, sometimes it is impossible to cover the financial
needs, especially if it concerns a large geographic area that needs more manpower to collect
sufficient data (Foster-Smith & Evans, 2003). In an effort to gather more information in a
large-scale project, scientists turn to CS (Silvertown, 2009). The aforementioned annual
Christmas bird count is the best example of collecting ecological data by volunteers over
decades, creating a data pool over a wide area with the less possible expenses (Cohn, 2008;
Silvertown, 2009). Volunteer field assistants have helped reduce not only the research cost,
but also the time needed to gather data, since more people are working for it (Foster-Smith &
Evans, 2003; Delaney et al., 2007; Cohn, 2008). CS is recognized as an effective tool in large
scale environmental projects because of the sample sizes and the area of coverage, but also for
the ability to run for longer time periods counter to traditional research methods (Cohn, 2008;
Johnson et al., 2014). Beside the rising recognition of CS in environmental projects, the
decline from the standard model of research often lead CS data to grey-literature (Silvertown,
2009). The value of volunteers in science is not only economical, but educational as well,
since the hands-on experience benefits the participants too (Delaney et al., 2007).

Why participate in CS? / Benefits for citizens

Citizens that volunteer to science projects are usually characterized by their concern about
the nature and their awareness about environmental issues (Cohn, 2008). The reasons to
participate in such projects may vary: career motives, building self-esteem, social factors,
psychological reasons (positive feelings while in nature), learning new skills, admiring the
wildlife and contributing in the protection of the nature are some primary motivations
(Johnson et al., 2014; Groom et al., 2016). By participating in CS projects, volunteers have
the opportunity to broad their horizons and appreciate the nature (Foster-Smith & Evans,
2003; Cohn, 2008). Being a type of informal education, CS projects promote the
environmental education and build the interest of the public towards science, thus this hands-
on science experience can benefit the level of science literature (Cooper et al., 2007,
Silvertown, 2009; Barnard et al., 2017). The knowledge and understanding of environmental
issues raise the public awareness and inspire feelings of responsibility towards the community
and eventually it works as a motivation to take action through public engagement (Foster-
Smith & Evans, 2003; Cooper et al., 2007; Cohn, 2008; Johnson et al., 2014; Chandler et al.,
2017).

Values of citizen science: economical, educational, social

During the last 20 years, the use of CS as a tool for research has increased, not only
because of the undeniable economic value, but also due to the connection between ecology
and society, promoting environmental justice and public engagement. Public education may
not be the focal point of citizen science projects, although it is achieved since it is an informal
educational method and rises the public awareness (Johnson et al., 2014). Biological
conservation is a complex issue since it involves a variety of stakeholders and interests, thus
environmentally educated citizens can help the environmental monitoring or become
advocates and make an ecological and social impact (Cooper et al., 2007).

Technology and citizen science

The effectiveness of CS in large scale projects regarding data gathering can benefit from
new technologies and create better methods to help the scientific field work. Collecting
ecological information can be obtained sometimes without the strict supervision of scientists
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but can be accomplished by adopting new technologies to promote the communication and
interaction between participants without the need to be in the same location (Newman et al.,
2012). With the internet and the development of mobile computing, collecting ecological
information can be a lot easier. Individuals can upload their observations in a database and
then scientists can continue the research (Silvertown, 2009). The use of new technologies can
broad the participation and promote CS projects (Newman et al., 2012; Johnson et al., 2014).

METHODS
Study Area

The Aegean Sea is located in the northeastern Mediterranean Sea, connecting the
continents of Europe, Asia and Africa and is enclosed by the Turkish coastline in the east, by
Greek mainland in the northwest and by Crete island in the south (Figure 1). The Aegean Sea
is a very complex ecoregion due to its habitat diversity and its geological morphology which
includes more than 1,400 islands and islets, wide plateaus, deep waters, coastal lagoons,
marine caves, seagrass meadows and coralligenous formations (Voultsiadou et al., 2013; Sini
et al., 2017). The habitat diversity combined with the oceanographic characteristics results to
the species richness of the area (Voultsiadou et al., 2013).

Within the study area, there are 7 National Parks (only one of them marine: the “National
Marine Park of Alonissos Northern Sporades”) and 186 Natura 2000 sites (without
necessarily implied management measures) (Sini et al., 2017), meaning that we still have a
long way to achieve the Aichi Target 11 of the CBD.
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Figure 1: Map of the Aegean Sea, illustrating the study area, the boundary between south and north Aegean,
MPA's and the main island complexes [Source: Sini et al., 2017]
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Study Species

The Mediterranean is a biodiversity hotspot, thus in order to set the limits of the research,
certain species were selected by their enacted protection status by national and international
legislation and Conventions. The species selection was based on: Annex II of the “Protocol
for Specially Protected Areas and Biological Diversity in the Mediterranean” of the Barcelona
Convention, Annex IV of the EU Habitats Directive (92/43/EEC), Annex Il of the Bern
Convention on the conservation of European wildlife and natural habitats and Appendix Il of
the Greek Presidential Decree 67/81 on the protection of native flora and wild fauna (Sini et
al.,2017).

The targeted species were in the taxonomic groups of: Porifera, Anthozoa, Mollusca,
Echinodermata and Actinopterygii (Table 1).

Table 1: The targeted species of the study and the legislation protecting them.

Taxonomic
Group

Species

Annex Il of
Barcelona
Convention

Annex Il of
Bern
Convention

Annex IV of
EU Habitats
Directive

Appendix 11
of the Greek
Presidential

Decree

Aplysina spp X

Porifera Axinella polypoides X

Axinella cannabina

Antipatharia spp
Callogorgia verticillata
Cladocora caespitosa
Savalia savaglia

Anthozoa

Charonia variegeta
Erosaria spurca
Lithophaga lithophaga
Luria lurida

Mitra zonata

Pholas dactylus

Pinna nobilis

Tonna galea

Zonaria pyrum

XXX

X|X

Mollusca

XXX

Ophidiaster ophidianus
Centrostephanus longispinus

Echinodermata

Hippocampus guttulatus
Hippocampus hippocampus

Actinopteryqgii
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Case Study

This study was carried out in the framework of the MARISCA project (2015-2016;
www.marisca.eu) whose objective was to propose a network of Marine Protected Areas and
protection zones in the Aegean Sea, using Marine Spatial Planning to achieve marine
biodiversity conservation by combining al the natural, social, economic and spatial features.
The information used to run the project were collected from scientific literature, datasets from
previous projects, online databases, interviews and questionnaires, remote sensing of satellite
images and new field data gathered for the purposes of the research.
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The creation of accurate distribution maps demands the use of all the possible existing
information. Data acquired through the scientific literature by Sini et al. (2017), were
combined with data collected through a questionnaire which was created for citizen scientists.
The questionnaire included a photograph of the target species, along with their scientific and
common names in order to gather data about their presence, depth, range and abundance in
different localities. The information provided was validated through photographs taken by the
contributing citizen scientists when available. In addition, a number of “false” species were
presented within the questionnaire, in order to evaluate the experience of citizen scientists in
identifying different species and to eliminate unreliable observations.

The questionnaires were forwarded to snorkelers, free divers, professional or recreational
SCUBA divers, diving centers, and university students. They were initially sent by email to a
list of diving centers around the Aegean Sea, and they were also promoted through social
media to various groups and fun pages of diving centers, underwater photography and
SCUBA diving in general. In addition, interviews using the questionnaire were also taken -in
person and over the phone- in order to collect information when available.

Additional information regarding the distribution of target species was obtained through an
extensive review of available scientific and grey literature, and online databases in the
framework of the MARISCA project (see Sini et al. 2017). This information was combined
and compared with data acquired from the citizen science questionnaires during the present
study.

All data collected were processed to create distribution maps of the targeted species in the
Aegean and compare the effectiveness of each method. The tool used to create the maps was
ArcMap: ArcGIS 10.5, using the WGS 84 projection coordinate reference system and
illustrating each species data entry by a point on the coastline shapefile of Greece.

RESULTS

A summary of the results on the distribution of the target species and the analysis of the
data collection methods are provided below. The main outcomes of this research include
distribution maps of each species and charts showing the contribution of the different
techniques used to gather information.

Porifera

The geographic distribution of the three species is illustrated by 353 point data on the map
(Figure 2), most of them (58%) correspond to locations where Aplysina spp. was observed,
followed by locations where A. cannabina (34%) and A. polypoides (8%) were found.
Aplysina spp. seems to be distributed throughout the Aegean, while observations of A.
cannabina decline from north to south. The data available for A. polypoides indicate the
presence of the species in few areas of presence and are not enough to track a distribution
pattern.

Out of the information used to create these maps, 54% of them were gathered from the
questionnaires and interviews in the framework of Marisca project (Citizen Science), 39%
from scientific literature and only 7% from online databases (Figure 3).

6
Mapping of marine protected species in the Aegean Sea using Citizen Science and data from scientific
literature.



Maria Zotou, 2018

University of the Aegean, Department of Marine Sciences

b L
. f'
]
Ll
®e .
.®
°
*
-‘.‘. .
. b o
.
.
.
.
A
.

Aplysina spp
. o
@ Axinella cannabina
. Marisca — Interviews / Questionnaires (‘. L d
.
®  Online databases © @
®  Marisca — Interviews / Questionnaires
Saentiic literature r
®  Online databases -
. Scientific literature
é o . o o »
. .
- » o . (o &
» (s
®
Ll
A
©
° .
L
.
. -
-
‘o . "
@ ®,
. PR P . .. L J
L4 -
£ d
.
o s 75 150 Kilometers 0 we 7 150 Kiometers
T S S N T
[ S
N
. " -
Axinella polypoides
L Marisca — Interviews / Questionnaires
. ®  Online databases
Scientific literature
e
°
.
L

Figure 2: Distribution maps of Porifera (A)Aplysina spp., (B)A. cannabina, (C)A. polypoides.

150 Kilometers

Mapping of marine protected species in the Aegean Sea using Citizen Science and data from scientific

literature.

7



Maria Zotou, 2018 University of the Aegean, Department of Marine Sciences

el pOvaOides - -
ApIVSina e _ I

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Citizen Science Scientific Literature B Online Databases

Figure 3: Chart diagrams of the contribution of each data collection method used on the taxon of Porifera;
blue color is for information gathered from Citizen Science, red color is for information gathered from Online
databases, green color is for information gathered from scientific literature

Anthozoa

The distribution of this taxonomic group is represented by a total of 85 point data (Figure
4). The vast majority of them correspond to C. caespitosa (87%), while the distribution of the
remaining three species is described by less than 10% of the point data. The data points of C.
caespitosa are depicted almost in a line from northwest to southeast of the Aegean with a
decreasing trend. The number of points available for the other species is not enough to notice
a possible distribution trend, however the only point data of C. verticillata and S. savaglia are
located in the northern Aegean.

In this taxon, the origins of the data came mostly from questionnaires (CS) (64%), while
online databases and science literature contributed equally (18%) in the information gathering
(Figure 5).
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Figure 5: Chart diagrams of the contribution of each data collection method used on the taxon of Anthozoa;
blue color is for information gathered from Citizen Science, red color is for information gathered from Online
databases, green color is for information gathered from scientific literature

Mollusca

The Mollusca dataset includes 646 point data (Figure 6), 44% of which correspond to P.
nobilis (282 points). T. galea represents 14% of the total data followed by C.variegata (13%)
and L. lurida (10%), the other molluscan species represent less than 10% each of the total
observations.

P. nobilis and C. variegata are widely spread throughout the Aegean, covering most of the
islands and parts of the mainland’s coastline. E. spurca, T. galea and Z. pyrum present a
tendency to increase from north to south, while L. lurida shows the exact opposite, as it
decreases from north to south. Observations of L.lithophaga are mostly located in the west
coasts of Aegean (Evoikos Gulf and Chalkidiki), with less data point in the east (mainly in
Lesvos island).

Most of the information used to create the maps originated from CS data (questionnaires)
(67%) and scientific literature (23%) (Figure 7), since L. lithophaga and P. nobilis are studied
more than the other molluscs of the list. The least represented species had no references in
scientific literature and the only source of information was the questionnaires (for P. dactylus)
and the online databases (for M. zonata).

10
Mapping of marine protected species in the Aegean Sea using Citizen Science and data from scientific
literature.




Maria Zotou, 2018

University of the Aegean, Department of Marine Sciences

3
o
» L4
.
.
.
S L]
*iq
Al cuw
.
. .
o .
®
.
B
.
B
B
o 8 . 3
b
B
. ®
.
.
- .
.
°e
o
X ™
.

Charonia variegata

N

A g A

Erosaria spurca

.
®  Marisca - Interviews / Questionnaires e ®  Mariica < Interviaws Questioniaiies
®  Online databases ®  Online databases
®  Scientific literature ¢  Scientific literature
. %
. o 2
o o8 Y
.
- .
.
.
. -
. .
L 4
. . * L
.
.
@ . o
. o
%
. oo
o 35 s 150 Kilometers
o ws 15 150 Kilometers
(i
N N
. Luria lurida
Lithophaga lithophaga :
. o ®  Marisca - Interviews / Questionnaires
. isca— i ionnai .
Marisca — Interviews / Questionnaires ‘ %  Oniive tabibases
s °
®  Online databases 7
".. ¢  Scientific literature
¢ Sclentific literature
° o .
. . ¥ v S e
o o
L4
.
°
b
. L
e . e "c
i
.
.
.
.
.
o s 5 150 Kilornaters o ms s 150 Kiomelers
[ s

11

Mapping of marine protected species in the Aegean Sea using Citizen Science and data from scientific

literature.




Maria Zotou, 2018

University of the Aegean, Department of Marine Sciences

Mitra zonata

®  Online databases

0 ows B 180 Klomsters

S
N

A

v .

Pinna nobilis

o
N .
g ®  Marisca — Interviews / Questionnaires
) ®  Online databases
. Scientific literature
..p
e . e g §
o <4
o L 3
. @ 3
L3
2, ¢
.o
- ‘o,
« & N &
ol S . e
o
.
. ® % L
3 .
]
Py .
.
.
o
S .. e
ooe f oo
.
0 ws 7 160 Kiomatars
.
.

Figure 6: Distribution of Mollusca (A): C. variegata, (B): E. spurca, (C): L. lithophaga, (D): L.lurida, (E): M.
zonata, (F): P. dactylus, (G): P. nobilis, (H): T. galea, (I): Z. pyrum.

N

A

Pholas dactylus

*  Marisca - Interviews / Questionnaire:

-
o
.
7 .
o ws on 10 Kiometers
L
H A
Tonna galea
. ®  Marisca - Interviews / Questionnaires
. .
L. ®e ®  Online databases
- *  Scientific literature
- .
.« o MY
- * ‘e
* ¢
.
-
¢ @ .
.
. « o
. W% -
.
.
. .
.
‘e 3 .
e o
. Y %
o ws 7 160 Kiometars
N

Zonaria pyrum
®  Marisca - Interviews / Questionnaires

¢  Online databases

12

Mapping of marine protected species in the Aegean Sea using Citizen Science and data from scientific

literature.



Maria Zotou, 2018 University of the Aegean, Department of Marine Sciences

Zonaria pyrum

Tonna galea
pinna nobits 0
Pholas dactylus |
vitrazonata - |
Luria turida | I
Lithophaga lithophaga _ -

Erosaria spurca

Charonia variegara |

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
B Citizen Science Scientific Literature B Online Databases

Figure 7: Chart diagrams of the contribution of each data collection method used on the taxon of Mollusca;
blue color is for information gathered from Citizen Science, red color is for information gathered from Online
databases, green color is for information gathered from scientific literature.

Echinodermata

The geographic distribution of the two protected Echinodermata species is depicted by 125
point data (Figure 8). C. longispinus is represented by 47 points and O. ophidianus by 78
points (62% of total taxon observations). Both species seem to follow a decreasing trend from
south to north, with the point data of O. ophidianus more heterogenous distributed between
north and south.

The majority (87%) of the information was collected through the use of CS questionnaires
and only 13% occurred from scientific literature (Figure 9). Echinodermata is the only taxon
without any information provided by online databases.
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Figure 9: Chart diagrams of the contribution of each data collection method used on the taxon of
Echinodermata; blue color is for information gathered from Citizen Science, green color is for information
gathered from scientific literature.

Actinopterygii
The distribution of this taxon is marked by 44 point data on the map of the Aegean (Figure

10). The main two species considered were H. guttulatus and H. hippocampus, but due to the
difficulty of correctly identifying the species, a third category was added, Hippocampus spp..
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43% of the recorded observations corresponded to H. guttulatus, 34% to H. hippocampus and
23% to Hippocampus spp.

Examining the distribution of Hippocampus as a genus, it seems to be more abundant in
the central Aegean Sea (Evoikos Gulf, Pelio Peninsula, Cyclades) and there is a decreasing
trend from the west to east.

The questionnaires contributed most of the information provided (84%), followed by
scientific literature (9%) and online databases (7%) (Figure 11). The observations enlisted in
online databases were only three and referred only to H. guttulatus,

N
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Figure 10: Distribution maps of Actinopterygii: Hippocampus spp.
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Figure 11: Chart diagrams of the contribution of each data collection method used on the taxon of
Actinopterygii; blue color is for information gathered from Citizen Science, red color is for information gathered
from Online databases, green color is for information gathered from scientific literature.
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The majority of the observations (74%) used to create the distribution maps occurred from
non-scientific methods: questionnaires (66%) and online databases (8%). The comparison
between the 3 sources (Citizen Science, Online databases, Scientific literature) used to collect
information is illustrated above.

DISCUSSION

Since the ultimate goal is the creation of a network of MPA’s, the amount of information
needed is tremendous. Scientific method is the most accurate (in terms of data quality and the
use of systematic methodologies) but at the same time it is very costly (in terms of time and
resources), thus data collection by non-scientific methods is considered a solution. However,
in this case the contribution of non-scientific methods was impressive.

Out of the maps created, a considerable lack of knowledge occurs regarding the
distribution of several understudied species (Antipatharia spp., M. zonata, P.dactylus, Z.
pyrum). It is worth mentioning that in Greece, some of the targeted species (L. lithophaga,
P.nobilis, C. variegata, T. galea), despite their protection status, are considered commercial
species, since their consumption is considered a delicacy (Katsanevakis et al., 2011). As a
result, these species are more studied than others, that don’t have an added commercial value.
The locations where no information occurred are not characterized necessarily by the absence
of the species, but possibly by the lack of information about the area. The most studied areas
are near the coastline (where the access is easier), but offshore areas are still unknown. It is
important to continue with further, more dedicated research to understand and map the
ecological features of the Aegean Sea.

The charts depict the contribution of each method in the data gathering. It is important to
combine different techniques in order to achieve more realistic results, considering that for
some species the total observations were originated only from one source (C. verticillata, M.
zonata, P. dactulus), while in some cases there was no scientific data available (Antipatharia
spp., M. zonata, P. dactylus). For Z. pyrum (77%) and Antipatharia spp. (75%) the
information gathered from online databases was more than 3 quarters of the total information.
The most studied species of the list, with the majority of their observations published by
scientists were L. lithophaga (68%), A. polypoides (69%) and S. savaglia (75%). The
contribution of citizen science was stupendous, but for several species the percentage of data
provided by questionnaires was higher than 80% (C.longispinus: 83%, Hippocampus spp.:
84%, O. ophidianus: 89%, T. galea: 89%, C. variegata: 94%). Concluding, it is obvious that
citizens have a lot of information about their local area and the species that inhabit it, but
these data are scattered and not available for scientific purposes. However, it is very important
to get access to this information in order to fill the gap of knowledge regarding the
distribution of protected species.

This study was an attempt to collect spatial information about marine protected species by
creating a bridge between the scientific community and local professionals. Despite their
response and the willingness to exchange information, there were a few difficulties. First of
all, the problem of species recognition. The photographs of the species included in the
questionnaire were helpful, but not enough to eliminate the misidentification problem. In
cases when citizens submitted their own photographs of the targeted species, it was easier to
validate the quality of their records. In addition, records of questionnaires completed to
impress were considered untrustworthy and were not taken into account. Getting the spatial
information was tricky as well. In some cases, the spatial information was a descriptive
location of the adjacent coast and not geo-referenced spatial information, while in other cases
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the coordinates given referred to the location of the diving spot and not the exact spot where
the targeted species were found.

Additionally, it is important to understand that the results of the citizen science refer to
occasional visual observations and not to systematic methodologies, thus the results have an
added coefficient of randomness. Communication with local professionals showed that they
have valuable information for many endemic species (apart from those included in the
questionnaires) that is not in display, and as a result it cannot benefit the scientific research
somehow with the existing available tools. This is the reason why the creation of public
accessible data repositories is necessary, so valuable information from citizens can be
translated to available data for scientists. Nevertheless, citizen science is a very helpful tool
to collect data and help the monitoring of MPA’s (Delaney et al., 2007).

In this case, volunteers that questionnaires were addressed to were mostly professionals
that work every day by the sea and have a close relationship with the marine environment,
and as a matter of fact the sea is like their backyard; they know the ecological features of the
area and they have a record through years of observing their environment, noticing every
change of the local biodiversity and details that scientists cannot know in such large
geographic scale. This can help the early detection of invasive species or population declines,
that scientists may not notice until too late (Barnard et al., 2017). This kind of volunteer-based
research can play a significant role in studies and can also benefit the development of
environmental management strategies in a local scale (Foster- Smith & Evans, 2003).

Within the framework of the research, citizens that responded to the questionnaires often
gave more information than asked about interesting facts and rare observations, irrelevant to
the present study; this proves that citizens are interested in having more interaction with
science and are willing to help as much as possible. Several individuals were also willing to
extend the period of data gathering to a whole summer season in order to enlist more
observations.

The reactions of the diving centers that responded can be grouped in two categories: the
first includes suspicious citizens, who were afraid to share information either because of the
competition between professionals (especially in small islands), or due to lack of knowledge
regarding MPA’s and protective measures (fear of strict no-take zones); the second category
enlisted the passionate divers with very positive attitude towards marine conservation who
were willing to connect and exchange knowledge with the researchers and help from their
point the preservation of the marine ecosystem. In both groups, the dialogue and the
discussion about marine protection and other environmental issues was a first attempt to
promote the environmental education and communication.

CONCLUSION

Summing up, CS is a tool that can benefit the scientific research, especially in large
geographic scale projects, and can benefit the data collection by increasing the number of
observants and decrease the resources costs. VVolunteer-based data gathering is efficient when
the aim of the study is simple, thus it is easy to track the presence or absence of targeted
species and record them.

When local professionals, relevant to the study topic (e.g. professional divers, fishermen),
are involved in the scientific procedure, it is easier to research and understand the natural
forces and anthropogenic pressures of the study area, and access observations of locals
through the years. The risk in such studies is the data quality and reliability of the source, but
there are available techniques (e.g. training of the volunteers, cross-validation of data
gathered) to avoid misleading information.
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The addition of CS in the scientific research could produce more effective results towards
marine ecosystem protection.Unfortunately, there is not any available open access database
aiming the support of marine conservation planning in the Mediterranean (Katsanevakis et al.,
2015). Although global species datasets specialized in cataloging would be a great tool for
monitoring that can help countries achieve the Aichi Target 11 of the Convention on
Biological Diversity (Sini et al.,, 2017). However, over the last years, the significant
contribution of volunteer’s data gathering was recognized, thus several online databases
(https://www.gbif.org/)  share records of citizen scientists that are enlisted in other global
platforms (https://www.inaturalist.org/). Additionally, in the Mediterranean there are on-
going citizen science initiatives, such as: CIGESMED (http://www.cigesmed.eu/) for records
of coralligenous assemblages by divers, PERSEUS (http://www.perseus-net.eu) for jellyfish
spotting and marine litter watch.

The use of global technologies and available technical tools (Internet, Mobile computing,
geographic information systems) could support the gathering and sharing information
between the scientific researchers and citizens, by setting a database connected with online
mapping tools (Delaney et al., 2007).

A global, publicly accessible database, with scientific and citizens’ observations of
protected species included, updated with the already existing information, checked with the
data quality standards and protocols (Katsanevakis et al., 2015) may improve the measures
and plans of MPA’s and support the conservation efforts.

Concluding, it is important to understand that the conservation of marine biodiversity is an
important goal of the Mediterranean Sea countries and in order to achieve it, all means
available should be used to enforce protection measures.
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APPENDIX

The questionnaire and its completion form.
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JUUTANPWOTE Ta oTolxela ocLUPwWva HE Ta Mapakdtw mapadsiypota mou Ba Ppeite otnv
enopevn oeAiba. OL mAnpodopieg mou CUAAEYOUE:

1. Itlypa Q meplypadr mepLoxng

2. Eidocg (ap. Qwtoypadiag amd Species & Habitats. pdf) / AplOuog atopwv kotd
npoocgyylon (1-5 dtopa, 5-10 dtopa, >10 dtopa, >20 dtoua) / Babog (katd mpoagyyLon).

3. Owotomog (ap. Qwtoypadiag amd Species & Habitats) / AplBuog onueiwv omou
Bprkate tov olkdtomo/ Baboc (katd mpoogyylon)

4. JuvoSeuTIKO pwToyPadIKO UALKO: TO dwToypadLko UALKO TTOU POG OTEAVETE EOEIG

EvaAAaKTIKG tpowBroTe OXeTIKEC TTANPOdOpPLeC o€ OmoLa Lopdr) TIPOTIUATE.
MNpocwrnika otoLyeia
JUUTTANPWOTE TIPOOULPETIKA. Ta otolxeia autd Ba xpnoiwpomolnBouv povo ylo va

SLEUKOAUVOUV TNV ETUKOLVWVIO OXETLIKA LLE TN CUUMANPWON TNG CUYKEKPLUEVNG GOPLOG.

OVOUATENWVULO:
Enwvupio katadutikol kévtpou / cUAAGYOU K.A.T.

TnAédwvo snikovwviag:

e-mail:

ZToLxela eEMKoVwviog

Ma tnv emwotpodn tng Ppoppag n yla omowadnmote GAAn mAnpodopia / Sieukpivion
TIAPOKAAW XPNOLUOTIOLHOTE T TMOPAKATW CTOLXELQL.

‘Ovopa: Mapio Zatov & Mapia Zivn

TnAédpwvo: 6977120426; 22510 54433

e-mail: mar12024@marine.aegean.gr; mariasini@marine.aegean.gr

EuXapLoTOoUE TTOAU yLa TN CUHMETOXN GO KAl YLa TO XPOVO Tov
adlepwoarte.

Napadsiypata
Mepoxn 1- Bpaxovnoida oto otoplo tou KOAmou [épag, Aéofo, (39° 0'33.66"N,
26°32'37.63"E)
Eidoc 3 /5-10 atopa / 10u
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Eidog 10 / 1-5 dtopa / 20 p
Owkoétomnog 32/ 2 onueia /40 p
JuvobeuTiko dwtoypadlkd UALKO: dwTo. 1-3

Meploxn 2 — ®avapy, Kaotpo MutlAnvng, AéoBo (39° 6'43.79"N, 26°34'1.55"E)
Owkoétomnog 33 / 3 onnAtég / 5,15,18 p.

Eidog 12 / 1-5 dtopa / 15u

Qwto. 4

Meploxn 3 — Bpayxovnoida BA AéoPBou (39°16'18.47"N, 26°24'44.68"E)
Owotomnog 31 / pia peyain meploxry / 20-35.
dwto. 5

JuvexloTe Pe TIg SIKEC TP ATNPNOELG....
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