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Extended Abstract

Raising awareness among young people and changing their behavior and habits
concerning energy usage and the environment is key to achieving a sustainable planet.
Promoting sustainable behavior at school impacts the home behavior, as children
communicate their newly acquired knowledge to parents. In this context, reinforcing
the educational community on educating new generations potentially has a multiplier
effect for reducing our environmental footprint.

loT sensing and related scenario and practices, which engage school children via
discovery and educational activities, focusing on encouraging sustainability of energy
and natural resources, are examined in this paper. As an example of such an approach,
the GAIA platform can act as the basis for scenarios utilizing real world data for
educational activities that encourage energy efficient behavior. In addition, the use of
seawater sensors in STEM education, that has been realized in very few cases, is
proposed as educational scenarios utilizing real-world data that are worth exploring.
The GAIA platform (Mylonas et al, Amaxilatis et al, 2017) is one of a number of
recent loT systems that focus on the educational community. A real-world loT
deployment is spread in 3 countries (Greece, Italy, Sweden), monitoring in real time
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18 school buildings in terms of electricity consumption and indoor/outdoor
environmental conditions. The data collected is used as input in educational scenarios,
whose goal is to educate and attempt to transform the behavior of students through a
series of trials conducted in the educational environment. Feedback mechanisms
inform the students and teachers on current energy consumption at school; in this
way, they assist towards raising awareness regarding environmental effects of energy
spending and promote energy literacy among students.

GAIA (Mylonas et al, Nov. 2017) is based on the assumption that continuous
monitoring of the power consumption-related behavior of students can positively
contribute towards energy savings. Since the 10T deployment is multi-site and multi-
country can motivate, e.g., to identify energy consumption patterns in different
countries and across different climate zones. This can be used to draw comparisons or
kickstart competitions; for instance, students of school A can compete with students
of school B in terms of energy efficiency. This could also help to better understand
cultural differences with respect to energy efficiency awareness and sustainability.
The devices deployed provide 880 sensing points organized in four main categories:
(1) classroom environmental comfort sensors (devices within classrooms); (2)
atmospheric sensors (devices positioned outdoors); (3) weather stations (devices
positioned on rooftops); and (4) power consumption meters (devices attached to the
main breakout box of the buildings, measuring energy consumption). The loT
deployments vary significantly from school to school (e.g., in number of sensors,
hardware manufacturer, networking technology, communication protocols for
delivering sensor data, etc.). The 10T devices used are either open-source hardware
10T nodes (based on the Arduino popular electronics prototyping platform, Pocero et
al, 2017) or off-the-shelf products, acquired from loT device manufacturers. The
platform also incorporates participatory sensing technologies for periodical collection
of energy usage to acquire information in buildings where no 10T sensing elements
are available, e.g., utilizing web/smartphone/social networking applications for
acquiring information on room occupancy, usage of conditioning or special
machinery, opening of windows, etc. The goal of GAIA is to include the users in the
loop of monitoring the energy consumption in the buildings they use daily, thus
making the first steps towards raising awareness, connecting the educational activities
carried out at schools with their activities at their home environment and also
engaging the parents and relatives at home. The teachers can initiate participatory
sensing sessions during the courses, so that students can use phones and tablets to
gather data in real time and then review them in class, as part of an educational
activity.

Bringing loT into the sea: Most loT related research focuses on terrestrial
applications. Even when offshore infrastructures or vessels are considered, loT
devices are mostly deployed in “dry” surfaces and only some specific transducers are
actually deployed into the water. The underwater environment is hostile, and
consequently underwater 10T devices are very expensive. If you only consider a
reliable water-proof housing for shallow water, it costs at least 2 orders of magnitude
more than the respective terrestrial solutions, or even more in the case of deep water
scenarios. Underwater operations are complex and challenging. As an example, the
fast growth of algae or microorganisms can rapidly affect the quality of sensors
readings that have to be often cleaned up. In addition, underwater communications are
still extremely difficult and energy hungry; RF propagates only at a few centimeters
and only acoustic or optical communications can be used for longer distances. The
energy cost of underwater communications strongly limits the device lifetime that is
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usually in the order of few months at best and requires frequent replacements of the
batteries, a time and resource-consuming task. Finally, communication standards are
emerging only in the last years.
Due to these reasons, the availability of underwater 10T data is still very limited. One
of the few attempts to provide a federation of underwater testbeds for the Internet of
Underwater Things is the EU project SUNRISE (SUNRISE Project website). While
SUNRISE clearly showed us the potential of exploring underwater data, it was not
originally conceived for STEM educational activities, and both the complexity of the
tools and the costs of the equipment are not yet suitable to be operated by students.
Despite these difficulties, there are already some efforts for more affordable tools for
underwater investigations (Baichtal, 2015) (OpenROV website) (The Cave Pearl
Project website) and is, however, possible to design significant STEM activities that
focus on shallow water and/or surface sampling that significantly lower the above
discussed difficulties. Indeed, the focus on the shallow water and/or the sea surface
allow us to a) engage students in participatory sampling (i.e., they are directly
involved in the sampling procedure at sea), b) deploy relatively simple networking
infrastructures capable to deliver the data acquired by possible underwater
transducers. In the latter case, the transducers can be placed underwater and the
collected data are delivered by a cable to a wireless device on the surface that makes
them available on the cloud.
In order to achieve better use of the potential of the sea and protect it at the same time,
more detailed studies are still required (Green Paper Marine Knowledge 2020, 2012).
In this paper, we propose a set of educational scenarios, whereby sensors are used to
measure physical and chemical marine parameters. Bringing the 10T into the sea is
still very difficult, therefore the focus of these scenarios is on surface sampling
activities that are more affordable in the context of STEM educational activities.
The steps of the pedagogical activities followed are: awareness, observation,
experimentation and action. School students located in Europe's coastal areas use
portable equipment to carry out relevant measurements and submit them to a database
they have access to. Depending on the teaching needs and priorities, students can
collect and analyze the following:

o real-time values and any fluctuations of them during the observation period of

the activity,
¢ changing values for longer periods of time, e.g., making comparisons between
different times of the day, between months, seasons, or years,

¢ variance of the phenomena between different areas.
The mathematical and scientific thinking developed in the above process can be
exploited in various ways by tutors, in the context of teaching mathematical and other
science skills, not only during science courses but also in cross-thematic approaches
that combine such observations and analyze the economic, social and other aspects of
our efforts for clean seas.
Discussion: During spring 2017, a set of preliminary GAIA testing was conducted
over several weeks to get feedback regarding the educational scenarios that promote
energy efficiency and sustainability. Several hundreds of students and teachers had a
first interaction with the GAIA platform, while a form-based survey was conducted
focusing on the gamification component. 78% of the students found the content of its
gamification component interesting, and an 89% found the activity user-friendly.
Regarding the acceptance of the tools from educators, the direct response gathered
through a set of workshops, addressed specifically at educators, has been positive and
several schools have provided their own proposals for schedules to integrating GAIA
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tools in their curriculum. Thus, in terms of overall acceptance of both the tools and
the infrastructure inside buildings and the schools’ curricula, these results indicate that
GAIA’s educational scenarios had a quite positive initial response.

In addition to the GAIA platform that facilitates educational activities and scenarios
for energy awareness and environmental sustainability utilizing real data from loT
sensors, we present here a number of alternative scenarios utilizing different data sets.
Marine water scenarios remain an undiscovered but challenging territory that remains
unexplored in STEM education. loT platforms such as GAIA can facilitate
educational scenarios towards the sustainability of the environment, based on
understanding the implications of real world data.

Keywords
IoT, sensors, educational scenarios, environmental awareness, energy efficiency
education

epiinyn

H gvaicOntomoinon tov vémv kat 1 allayn ToV cuvnBEL®V TOVG OGOV OPOPH GTNV
mpootacioc Tov  mepPariioviogc kot v gfowkovounon evépyslog, Oa  sivoal
KaBop1oTiKnG onpaciog yio TNV dtatnpnomn evog PLdGLLOL TAOVATH 6TO £YYOG LEANOV.
2e auTO TO TAOICLO, 1 OVTIUETOMION TNG KAMUOTIKNG OAAOYNG omontel apykd tnv
EVNUEPMON KOl KOTOMY TNV OAAGYN VOOTPOTIOG KOl EPUPHOY] GLUTEPLPOPDOV
QUMKOTEPOV TPOg TO TEPIPGALOV. Xg ovtd TO KEIUEVO, TOPOVOIALOVHE UEPIKES
exmadevtikés mpoktiké STEM mov  a&lomowodv  cuothiuoto  Awdiktiov Tov
Avtikepévov pe actntipeg (Internet of Things, [0T), 6e cuvdvacpd pe KaTdAAN o
oYEONGUEVES EKTOOEVTIKEG OPAGTNPIOTNTEG dlepeuVNTIKNAG Habnong. H evioyvon g
EKTOOEVTIKNG  KOWOTNTOG otnv  TepParloviikny ekmaidevon tov VeV  Exel
TOAAOTAOGIOCTIKO  OOTEAEGUA, KOOMG 1 vIOETMON  evepyelokd  OmOdOTIKOV
ocuvnbeidv emnpedlel Kol To Gpeco otkoyevelokd tovg mepifariov. Qg éva tétolo
mopadetypa, n TAaTEOppa tov Epyov GAIA o&omotel mpoypotikd dedopéva amnd
OYOMKG KTiplo, Kou umopel va  ypnowomoinfel ®g Pdaon yio TN  oyedioon
ekmodevtikav  dpactnpotitov  STEM, aviddvtag dedopéva  omd  didpopa
nepipariovta. EmmAéov, mpoteivetar 1 xpnomn owcOnmpov yuo ) pétpnon Pacikdv
WKEAVOYPUPIK®OV TAPUUETp®V OTmg M Bepuokpacic, 1 oAatdTnTo, TO Sl0ALUEVO
o&uyoévo, N aikaAkotnto kot 1 Bodepdtnta oe mapdktio TEpPdAlovta, 1 omoia dev
&xel e€etaotel oto POV, ¢ Eva ETOUEVO PN Y10 TO CYESIAGUO EKTOLOEVTIKMY
cevapiov avTod ToL THTOV.

AéEarg-Kheona
IoT, aueOnmpec, ekmardevTikd cevapia, TepBaAAOVTIKY GLVEION G, EKTOIdELON KOl
EVEPYELONKT] KOTAVAA®GT).

Ewsaymyn ko otéyor

O e€erilelg Tov TEAELTAI®V YPOVOV OTO dIKTLO OCVPUOTOV cctnTipOV Kol TIg
GYETIKEG TEYVOAOYIEG Hag odnyodv pe otobepd Pruato mpog éva Aadiktvo Tv
Avtikepévav (IoT). H gvpeio dtoBecipiotnto vAkod kot AoyIouikod Kot T0 UELOOUEVO
KOGTOG TETOUMV TEYVOAOYIDV TPOGPEPEL T OLVATOTNTA XPNONG TOVG GE W0 GELPA
TPOKTIKOV EPaploy®dv. 'Eva t€t010 medio amotelel 0 ydPOc TG ekmaidevong, Le myv
avAmTLEN KOVOTOU®MV YNELIKOV GUGTNUATOV 70V YPTCLUOTOOVV GUVIVOGTIKEG
vanpecieg CLAAOYNG kot dwxeipiong dedopévav (Y., UETPNON TNG KOTAVIA®GONG
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EVEPYEWNG KOl TOV TEPPOAAOVTIKOV GUVONK®OV GE OYOMKA KTipla), v Tapéyel
avaAdoelg dedopévav, Kabmg Kot Aettovpyieg GLOTACE®V Kol EL00TOMGE®V. Xg [
Kpiown otiypn yio To HEALOV TOV TAAVATY, HL0 TPOGEYYIOT Y10 TV AVTILETMTICT] TOV
mpoPAnuoTog eivor 1 mepPorloviiky] gvaicOntomoinon pHEC® TNG EKTOidELONG
STEM, cdpewva pe v onoio paprolovial ol YVOGEIG TMV GUOIK®V EMGTNUMV, TNG
TEYVOAOYIOG, TNG UNYOVIKNAG KOl TOV LOBNUATIKOV Y10 TO oYedacpo Kol T dte&aywyn
TMEWPAUATOV, TNV OVAALON Kol EPUNVEIN TOV SESOUEVAOV KOl TNG EMKOVOVING TOV
OTOTEAECUATMV KOl GUUTEPOCUATOV UE cvvepyoalopeves opddeg (Psycharis, 2018).
Avto egmrtuyydvetar pe ovotnuoata Paciopéva oe Texvoloyieg ITAnpogpopiag kot
Enwowaviog (TIIE), ta onoia meptlhopfavouy S1adtkTuaKEG Kot KIvTEG EQAPUOYES,
KaODC Kol EPOPLOYES KOWVMVIKNAG SIKTOMGNG KOl XPTGLOTOI00V ded0UEVE ATd TOVG
gykateotnuévovg owontipeg. Ta dedopéva mov cuAléyovtor a&lomolovvial GTo
mAaiclo €vog aplfpod EKTOSEVTIKOV OpACE®V [E OTOXO VO EMNPEAGOLV KOl VO
LETAGYNUOTICOVV TN GULUTEPLPOPE TV UAONTOV OYETIKA WHE TNV EVEPYELOKN
katavolmon. To moyvidy, o aviay®viouds, n ovakGAvyn Kol 1 TEPUETELN gival
ad1oTaoTO GTOLYELD TNG OPACTNPLOTNTOG TOL 00N YEL GTN YVOOT).

To GpBpo avtd acyoleitor pe v goaucOnTOTOiNGN TG GYOAIKNG KOWOTNTOS GE
Oéuata ogwpopiag MG amoTéAEGHO EKTOBEVTIKOV dpactnplottov STEM pe 800
TPOTOLG: 0) HE TNV TPOOTABEL €EOIKOVOUNGNG KOl  KATAYPAPNG OAAAYDV
GUUTEPLPOPAG OTNV KATAVAA®MOT €VEPYEWG, ovvdvaloviag teyvoroyio IoT o
TOLYVIDOT GTOUYELD E TN XPTON TPOUYLATIKOV SEGOUEV®V GE GYOMKA KTipla kot B) pe
N HEAETN QUOIKOYNIKADV HEYEDDV TOPAKTIOV VIATOV DOTE VO, EKTIUNOEL 0 TPOTOG e
TOV Omoio Ol OlPOPETIKEG avOpmmoyevels TIEGES TPOKOAOOV dAAOYEG GTO
neptpaiiov. To televtaio omoTeELel aVTIKEIUEVO €PEVLVOC AOY®D TOV SVGKOAMMDV TNG
VTOSOUNG OLTAG Y10 T SLATHPNOT TOL SIKTVOV GVALOYNC TV OESOUEV®Y.

Mpaypotikéd dedopéva oty ekmaidogvon STEM

H gvaisOnronoinon og mepifarlovrikd (ntipata yuo v aAloyr CUUTEPIPOPAS TOV
TOMT®V omOTEAEL o amd TIG TPOCEYYIGEIG YOl TNV OVIWETOTION TNG KALLOTIKNG
oAayns. H Paocwn déa eivar 0TL M OVTILETOTION TNG KAWWLOTIKNG OAAOYNG KoL 1|
eMITEVEN OULO00EWMV  EVEPYELOKMDV KOl KALOTIKOV oTtOY@V omortel odlayn g
GUUTEPIPOPAG KOl TV TPUKTIKOV Katavalmong tov tolt®dv (European Environment
Agency (EEA), 2013). Tystikég exbBéoeic deiyvovy OTL 1 OTOTEAEGHATIKY XpoN TNG
evépyewng umopel vo odnynoel o €£0IKOVOUNGT) KOl EVOEYOUEVMG GE OVOLOOTIKA
Oeticd mepfordoviikd avtiktvmo (European Environment Agency (EEA), 2013).
Inueio ekxivnong amotelel 0 ekmodevTIKOG TOUENS pe TNV gvaucOntomoinon twv
VE®V KOl TNV 0AAAYT] TNG CUUTEPLUPOPAS KOl T®V GUVNOEIDV TOVG.

ZOopemva e TpOcPATEG HEAETEG, 1| TPO®ONON PLOGCILOV GLUTEPLPOPDOV GTO GYOAEID
emnpedlel Ko 1o Gpeco okoyevelako meplPdilov tawv padntov (Schelly, 2012). Ot
ouvevtevéelg mov deEnydnoav oto TAaicio Tov Tpoypappatog Powerdown (Crosby et
al, 2012) €dei&av OTL 1M OAAQYT] GUUTEPLPOPAS OTNV KOATAVAAMOY| EVEPYELNS OV
KaAlepyeital oto oyoAgio pmopel va €poppootel amd TOLg HabNTEC Kol TIg
0K0YEVELES TOVG Kot oto omitt. Ot otoyobetnuéves mpoomabeleg TPOGEYYIoNG TOV
LEADV TOV OIKOYEVEIMV £XOVV OC OMOTELEGLO TNV TPOCEYYIOT EVOG UEYAAOL UEPOVG
oV TANOVGLOD Kot TOV TOALATAAGIOCUO T®V OPEADV.

To épyo GAIA (http://gaia-project.eu) - Green Awareness in Action (ITpdoivn
EvaiwoOntomoinon omv IIpdén,) elvar €va evpomaikd epevvntikd £pyo mov
omeLOVVETAL OTNV EKTOOEVTIKT KOWVOTNTO LE GTOYO TNV TPOodOnomn BeTIKOV aAlaydv
OT1 CLUTEPLPOPE TOV YPNOTAOV Yo TNV EEOIKOVOUNOT EVEPYELNG OTO GYOAIKA KTipla
(Mylonas et al., 2017). To épyo emkevipmdvetar oe podntég Saeopwv Babuidwv
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gkmaidevong amd to Anpotikd, to Mvpvacio, to Avkelo kot to Ilavemotiuo, oto
TPOCHOTIKO TV GYOAEI®V, Kot TOVG Yovelg Tov padntodv. Ot dpaoctnplotnes Tov
€pyov mEPAOUPAVOVY TOLYVIOTOINGT Kol EKTOOELTIKEG Opdoelc Poociouéves o€
TPOYUATIKO OESOUEVE,  EVEPYEIOKNG KOATAVOAMONG GYOMK®OV KTIPI®V GE  TPELG
Evponaikéc ydpec. Ot pabntég kot o1 ekmaudevtikol TV GYoAEl®V TOV GLUUETEYOVY
610 £pY0, €XOLV TNV guKOLPio Vo EUTAAKOVV GE KOVOTOUEG dPACELS, Ol OTOiEG TOVG
TapEYOLV TN dVVATOTNTA VA 0ELOTOMCOVY VEEG LOONGLOKES Kot SIOOKTIKEG EVKOPIES.
Y10 mMhaiclo tov £€pyov éxel avamtvyfel ko Asttovpyel ovotnua AlediktHov TV
Avtikepévov (IoT) oe EALGOa, Itodio xor Zoundia yio v emifreymn oxolMkdv
KTploV g TPAYUATIKO YPOVO, GE OTL APOPA TNV KATAVAAMOT NAEKTPIKNAG EVEPYELNG,
kaOd¢ ka1 ecwTEPIKOV Kol eEmTepK®V mePParrovTikdv cuvinkav. Ta dedopéva
OV GLAAEYOVTOL GTO TAGIGLO TOVL £pyov YPNOLOTOoLVTAL o éva mANBog and
EKTOLOEVTIKEG OPACELS TOV GITOGKOTOVV GTO VO, EMNPEAGOVV KOl VO LETACYNULATICOVV
TN GUUTEPLPOPA TOV HUONTOV GYETIKG [LE TNV EVEPYELNKT KOTUVAA®OT GTI GYOAIKN
povada. Ilio  ocvykekpuyéva, OTIC GCULUUETEYOVGEG OYOMKEG UOVASEG  £xouv
gykatootodel oe didpopeg aibovoes acOntpeg pétpnong Beppoxpaciog, GYETIKNG
vypociag, EOTEWOTNTOG, emMmEd®V BopvPov kal kivinong, mov cuvodedovtal and
eEOTEPIKO LETEMPOLOYIKO OTUOUO, LE OTOTEPO GTOXO TNV XPNOT TOV TPUYUATIKDOV
TEPPAAAOVTIKOV JEOOUEVOV GTO €0MTEPIKO Ko eE®MTEPIKO TOL KTIpiov Yoo KAOe
G)OAEI0 TOV GULUUETEYEL GTO £PYO.

Kotd ) d1dpKeiad Tov £pyov avomTUGGETOL £VO KOWOTOUO GUGTNUHO POCIOCUEVO GF
Teyvohoyieg IMAnpogopiog ko Emkowowvieg (TIIE), to omoio mepthapPdvet
SLOOIKTLOKES KoL KIVNTEG EQPAPUOYEG, KOOMG KOl EPAPUOYEG KOWVOVIKNG SIKTOMONG
OV YPNOOTOOVV TO. dedopéva amd TOvg gykatectnuévovg aiwstntmpeg. To
KOLVOTOUO YNOLOKO GOGTIO YPNOUOTOLEL GUVOVAGTIKEG VINPEGIEG GLAAOYNG Kol
Swyeipiong dedopévmv PETPNONG EVEPYELNS, VD TOPEYEL OVOAVGELS OESOUEVOV,
kaOdc kol Aertovpyieg ovotdcewv (recommendations) kot €womomoemy. Ot
EQUPUOYEC TTOL VAOoTOMONKAY 0T0 TAAIGLO TOV £pyov givar éva ZVOTNHA TYOAKOD
Awyeproth (Building Manager System), éva eknaidevtikd maryvidt GAIA Challenge
Kot pio epoaproyn KOWMOVIKNG SIKTOMGONG KOl TPOGPEPOVTAL Y10 0ELOTOINGCT) OO TOVG
pabntég pe v kaBodnynon TG ekmodevTikng mpoofyywong GAIA, mov
TEPLOUPAVEL TPOTEWVOUEVA EKTALOEVTIKA GEVAPLOL KOl PVAN, EPYOGTIOG.

TyeTIKI] épEVVva

H mpocéyyion g mpoddnong g Prdoiung cuoumepipopds HECH EKTULOEVTIKOV
dpaoctnplotitv  gumintet o100  WESIO0  EPAPUOYNS  SLPOP®V  EPELVNTIKAOV
apoypoppdtov. To Smart Campus (Medina et al., 2014) emikevipdvetal o TE60EPIG
dNUOGLOVE TOVETIOTNUIOKOVG 16TOTOTOVG LE TAOTIKEG EYKOTOOTACELS KOl VAKO, GE
GLVOLOGCUO HE AOYIGHKO OV OmeLOVVETAL OE XPNOTEG TPOCHOTIKOV VTOAOYIGTAOV 1)
KWNTdV GuoKeEL@V, HE otoOYo TNV TpomBnom 1ng evaicOnromoinong otV
eEoKovouN o™ EVEPYELNG. XTO GYOAIKA KTipla eotidlovv ta épya Veryschool (Brogan
et al., 2015) ka1 Zemeds (Gaitani et al., 2015), oto mlaicio TV omoiwv avamntoyONKe
AOYlopIKO TOL TapEYEl GLUPOVLAEG OTOVLG YPNOTEG Y TN PeAtioTomoinom Tng
KATAvAA®oNg NG evEPYelog kabdg kot oyetkd epyaieio ko pebodoroyies. Emiong,
to £€pyo School of the Future (School of the Future, 2016) €yl oG amotélecpa pio
OEPA OdNYLDV GYETIKG HE TIG TPOKTIKEG EEOIKOVOUNONG EVEPYELNG OF EKTOSEVTIKO
EPPAALOV.

Ot Tpotewvoueveg 610 Tapdv Apbpo eKTOOEVTIKEG dpacTnplOTNTES LVITEPPaivovy TV
OmAY] EVNUEPMOT OYETIKA pe Ta {ntApota gvepyelakng amddoong. Ot pabntég
aE10TO00V TIG TEXVOAOYIKEG EPAPLOYEG YL VO LETATPOTOVV GE EVEPYOVG POPELS OV
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ovvepyalovtol petal&ld Tovg Yo vo TopakoAovfody Kot va SloUopOVOLY T XPNom
g evépPYEWG 6To GYoAeio 1 va Aapfdvovy amoedoelg Yo Bépata TpocsTaciog Tov
nepPaiiovtoc. Ta eKTOOELTIKG GEVAPLOL OMOTEAOLV OMUElD €KKIVONG Yo TIg
OYOMKEG  KOWOTNTEG, Ol omoieg oxedlalovy Kol VAOTOOVV  GUYKEKPIUEVES
dpaotnpotreg mov oyetifovrar pe Tig d1kéEG TOVG GLVONKES, £xovv TpooTifEuevn a&ia
Yo To LEAT TOLG KO ElVOL EQOPUOCIUES OTIG OIKEG TOVG KOOMUEPIVEG EKTOUOEVTIKEG
mpoktikéc. H  évvole g kataypa®ng Kot ovAALGNG TV  OESOUEVOV  TOL
TEPIPAAAOVTOC €lval KEVIPIKN GTO €PELVNTIKO TESIO TG GLALOYNG dedouévmv oo
awontpeg (Burke et al., 2006). Xtnv gpyacio avtr, T0 TPOCOTIKA KIWNTA THAEP®OVA
YPNOYLOTOOVVTOL OO KOWOTNTO YPNOTMV Y10, TN GLAAOYN dEdOUEVOV Yo, SLAPOPES
EQUPUOYEC OT®MG O TOAEOOOUIKOC OYESGUOG, T ONUOCLO VYEID, 1 TOATIOTIKY|
TAVTOTNTO KO 1) ONUIOVPYIKY EkQpact KoBdg Kat 1) Stoxelplon ToV QUGIKOV TOP®V.
Avt n mpocéyyion €xet ypnoyomombei omd 1o Cornell Laboratory of Ornithology
(Brossard et al., 2005) o€ évo. EMGTNHOVIKO EKTOIBEVTIKO TPOYPOLLLE. Yio. TN Blodoyia
TV TMvov, eved oto apbpo (Kotovirta et al., 2012) ot cvyypageic meprypdpovy
dokyég yio TNy motdtnTo. Tov agpa. Avtiotoryo, oto EnviObserver (Sun et al., 2014)
mapovoldletal o AVon Tov GLVOVLALEL VO OVOTTUYHEVO GUUUETOYIKO CUGTNHO
aviyvevong yuo TNV TopakoAovdnon tov nepBAAAovToc. AAAEC GYETIKEC TPOCEYYIGELS
avapéPouy Tov cuvovacud agtomoinong dwdiktvokmv maryvidiwv pe loT, pe otdyo
™ peioon g Katovdiwmong evépyelag o dnpooto ktiplo (Papaioannou et al., 2017)
kot (Mylonas et al., 2017).

H svoopdtoon pog miateoppag oloyeipiong dedopévav IoT kor evdg cofapov
oy Vidloh, 6To Omoio Ot HoBNTES avOAOUBAVOLY [0 GEPA OTOCTOAMY YVMOONS KOl
dpaomng, avapépetoar oto Gpbpo tov Garcia-Garcia (2017). Zto épyo GAIA
avTioTOlY 0, OTIG OMOGTOAEG YVMGNGC, VILAPYOLY KOVI( GYETIKA LE SLAPOPES TTTUYES TNG
EVEPYELNKNG amddooTg Kot EE0IKOVOUNOTG eVEPYEWNG. MEGa amd TIC AMOGTOAES OVTEG,
01 EKTOOEVTIKOL EVIGYDOLV T1] OpAoT] LobNTOV e GTOYO TNV 0OENCT TNG EVEPYELOKNG
0mOd00NG 0T0 GYOMKO KTiplo. EmimAiéov, 10 S10d1kTvokd Tatyvidt mpoceEpel éva
YNeokd TEPIPAAAOV KOWMVIKNG SIKTO®ONG Y10. TOVG HaONTEG Kol TIC ORAdEG TV
pobntodv mov oAAnAemidpovv peta&d tovg o€ Bépata mov oyetifovror pe TNV
EVEPYELOKN OTOS00T], MOTE VO LOpAlovTal TiG EUTELPIES KO TO EMTEHYUATA TOVG KO
vo. ovvayovifovtor ylo, KaAvtepa amoteAéopoto yo, v opuddo tovg (Mylonas et al.,
Nov. 2017).

1o apbpo (Heggen et al., 2013), emonpaiveror 1 a&io TG GLUIETOYNS GE AvTioTOT(O
TPOYPAUUOTO OTTMOG TO TPOAVAPEPOUEVD, KAOMDS ol omovdaotéc kepdilovv Padid
YVOGN GE GCLYKEKPIUEVOLS EMIGTNUOVIKOVS TOUElS HEC® TNG CLUUETOYIKNG TOVG
mpoondBelag (emotnun tov moltdv, Citizen Science), epappoloviog PéAtioTeg
TPOKTIKEG GVALOYTG DESOUEV@V, AVAAVONG SESOUEVOV KOl ETICTNUOVIKOV Uefddmv,
AVOAOY®S TOV EPYAGIDOV TOVG,.

Tomo0éTnon awsOnmipov ot 0dracca

Ta mepiocdtepa Epya otov topéa Tov IoT emkevipmvovtal o€ gpappoyég otn Enpa.
Axéun kot O6tav a@opolv G LREPAKTIEG LWOOOUES N OKAQN, ol cvokevég loT
gykafiotovtor kupiog otn ENpd Kot HOVO HEPIKOL GUYKEKPIUEVNG LOPPNG aucOnTrpeg
tonobeTovvtat 610 vepd. To Bardocio mepiBailov eivar exfpikd Kot 1 texvoAroyia TV
vroPpyiwv cuokev®v [oT eivor modd akpiPn. Eva a&lomoto véotooteyég mepifinpa
Y. acntipeg mov Ba ypnoomomBodyv oe pnyd vepd, kootilel TovAdyiotov 2 1 3
(QOPEC MEPIGGOTEPO GO TOVG OVTIGTOLYOVG TOL AELTOVPYOVV GTO £30.(POG KOl TOAD
neplocdTEPO €4V Tpoopilovral yia Padid vepd. Ot ®KEAVOYPAPIKEG EMLYEPNOELS EIvOL
mepimhokeg kot dvokores. [ mapdderypo, mn  toyele ovadmtuoEn  Qukidv 1
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UIKPOOPYAVIGU®Y UTOPEL Vo emnpedost EaQvika v mototnto. TV peTpioswyv. Ot
vroPpouyleg emkovovieg eivor okopa egopeTikd duokoAeg Kot evepyofopes. Ta
xopoto RF pmopovv va dtovdhcouvv Alyo ekatootd amdoTAoNS Kot HOvo MyNTIKEG M
OTTIKEG EMKOVOVIEC UTOPOVV VO, XPNGLULOTONO00V Yo peyaAdtepeg anootdcels. To
EVEPYELNKO KOGTOG TV VIOPPUYLOV ETIKOVOVIOV TEpLopilel onpavtikd tm didpKela
Cong g ovokevng, oL givar GuVNB®G OAYOUN VY OTNV KAADTEPT] TEPITTOOT KO
OTOITEL GLYVEG OVTIKATAGTAGEIS TOV UTATAPLOV, Eva YpovoPOpo Kot dSVGKOAO £pyo.
Téhog, TO TMPOTLTO, EMKOWMOVIAG EUPAVIOTNKAY KOTO TO TEAELTAio Ypovia. Qg
omotélecpa TOV  Tmopomdve 1 dwbeoudmrta  vroPpiyiwv  dedopévav  IoT
eEaxorovBel va givar ToAD TEploplopéV.

Mio and Tig Alyeg mpoomdbeleg yio TV mapoyn LIOPPUIOV JECOUEVOV HECH
dadktoov givar 1o épyo g EE SUNRISE (Petrioli et al., 2013), (SUNRISE Project
http://fp7-sunrise.eu/). Tlaporo mov To SUNRISE pog £deiée capmg tn duvatdtna,
GLALOYNG VTTOPPVYLOV SESOUEVAV, dE TYEOIACTNKE Y10 EKTOLOEVTIKEG dPASTNPLOTNTES
STEM kat 1660 1 TOATAOKOTNTO TOV EPYUAEI®V OGO KOl TO KOGTOG TOV E0TAMGOD
dev gival akoun katdAAnia yo v Agwtovpyic oe oyohkéc tafelg. Ilapd Tig
dvokoAieg, vmdpyovv MON KATOEG TPOCTAOEIEG YlO. TO TPOCITA EPYOAEiD Yl
voPpbyleg Epevveg (Baichtal, 2015), (OpenROV, https://www.openrov.com/), (The
Cave Pearl Project https://thecavepearlproject.org/)

Eivar Aowmdv duvotdv va oxedlactodv ovclaoTikég dpactnpotntes STEM mov
EMKEVIPOVOVTOL GE PG vepd 1/ Kou TN OElyHOTOANYio otV EMQAVEWD TNG
0dhaccag mov pedVOVY onuavTikd TG Tapardiveo dvokolies. H eotiaon ota pnyd
veph Kav 1 6TV ENPAvELN TG BAAACCOS [LoG EMITPETEL:

(o) va. umdé€ovpie TOVG LaBNTEG GE GUUPETOYIKN detypatoAnyia,

(B) vo avomtuyfovv oyetikd amAéc LITOSOUEC SIKTOMONG IKOVEG VO OOGTEINOVY
vroBordooia dedopéva, ot omoieg YpNCILOTOOVV acVpUATEG TeEXVoroyies (T.y. LoRa,
Sigfox).

v tedevtaia wepintwor, ot podntég movtilovv TIg GLOKEVEG Kot TO. dEG0UEVH TTOV
GLAAEYOVTOL LETAPEPOVTOL LEGM KOAMOIOL GE 10 AGVPLOTY GUCKEVT] GTNV ETLPAVELD.
TOV VEPOUL, 1 01010 To KOO1oTA S100£01L0 GTO VTOAOYLIGTIKO VEPOG.

O poéiog TOV aVOPOTOYEVOV TIEGCEMV OTO TUPAKTIO TEPLBGALOVY

To peyohdTepo TOGOCTO TNG EMUPAVELDS TOV TANVNTN KoAvmtetar omd OdAoacoa.
Zuykekpéva 1o 79% mepinov g emedvelag g I'mg kadvmreTon and vepd Kot povo
10 21% and Enpad. Inuepa, yvopilovpe v 1€pAoTIo. onpacio Tov £yl n 0GdAacca
v ) o1 o oAdKANpO TOV TAOVATN Kot €101KOTEPA Yo Tov AvBpwmo. H Bdiacca
amotelel moALATAG onpavtikn “mnyn Lons” yuo ) I'n pog.

IMopéyel v duvatdTTa TOPAY®YNS TPOPTG, OPUKTAOV VAMV KOl EVEPYELNG, OMOTEAEL
KOPLO TOPAYOVTA OVAVE®GNC TOL 0EVYOVOD OV avaTVEOLUE, KOOMS Kal TO HEGO Yo,
™ petopopd ayobov (epumdplo, petapopd evépyslog/ mAnpopopldv). Ot Baldoaciol
dpopot dakivnong tov eumopiov AmOTEAEGOV GLYYPOVOS KOl YEQLPES TOMTIGLOV,
EVOTOIMVTOG TOMTIOMIKG HEYOAES YEOYPOUPIKEG €EVOTNTEG Kol EMTPEMOVTAG TNV
avantuén tov roMtiopdv. Opmg, yio v Kaivtepn a&lonoinon Tov SLVATOTHTOV TNG
0dhocoag kol TapdAANAO Yo TNV OTOTEAEGUOTIKI] TPOOTAGIO TNG EMPAAAETAL T
TMPOGEKTIKN Kol AEMTOMEPNG MEAETN NG and kabe dmoym (Green paper Marine
Knowledge 2020, 2012)

270, EKTOUOEVTIKA GEVAPLO IOV TTPOTEIVOVTAL AELOTOLOVVTAL P GEWPA oGO THP®V Yo
™V UETPNOT QUOIK®V Kol ynuikov Boidcciwv mopopétpov. Ta Prpate tov
T OY®YIKOV OpacTNPlOTHTOV 7oL akolovbovue eival: M gvoucOntomoinon, M
TapATNPNON, 0 mEPapatiopnds Kot 1 dpdon. O pabntéc oxoreiov (mikiog amd 15
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€w¢ 18 etwv) mov {ovv o TapdKTieg mEPLOYES TG Evupdnng ypnoonoovy gopntd
€EOMAONO Y100 VO TPOYLLOTOTOGOVY GYETIKES LETPTGELS KOl VAL TIG DTOPAAOVY GE pia
Baon dedopévav oty omoia £xovv Ko TpdcoPacn. Avaroyo LE TIG OVAYKES KoL TIG
TPOTEPOULOTNTEG NG O10aoKAAiNG, Ol HoONTEC pmopodv va GLAAEYOLV Kol Vo
avaAHoLV:

® TIG TPEYOVOES TLES KOL TUYOV SLOKVUAVGELS OE QUTEG KATO TN SIUPKELD TNG
TEPLOGOL TOPATHPNONG TNG OPUCTNPLOTNTOG,

e 11 petafoln] TOV TIUOV YL UEYOADTEPES YPOVIKEG TEPLOOOVG, .Y
ovykpivovtag TG TIHEG UETAED OPOPETIKOV MPOV NG MUEPOG, HETAED
UNVOV, ETOYDV, 1| ETOV,

® 11 SLKOUOVGT TOV QOIVOUEVAOV OO TEPLOYT GE TEPLOYN.

ZOpemva pe To oxedlod TOV EKTOOEVTIKOV GEVAPIMV, 1 ETIGTNUOVIKT GKEYN TOV
OVOTTOOGETOL KOTO TV TOpOTave dadikacio propel va alomomnbel pe didpopovg
TPOTOVG 0710 TAiclo NG OWooKoAiog Oyt pwovo oto paduate TOV QUOIKOV
EMOTNUOV, 0ALG KOl 6TO TAAIGLO O100EUATIKOV TPOGEYYIGEDY TOL GLVOVALOVY OVTEG
TIG TOPOTNPNOELS KO AVOADGOELS LE TIG OIKOVOIKESG, KOWVMVIKES KOl GAAES TTUYEG TG
TpooTafeldg pog yo kabapég Bdhacoec.

1. AwOnmipag Oeppoxkpacios: Métpnon g Beppoxpaciog (T).
H Oeppoxpacio Tov ETUPAVEINKDY VEPDV TAPOVGLALEL PLGIKT MLEPNOLO KO ETOYLOKT
SloKOUAVET AOY® TOV KOUPIKOV GUVONKOV Kol TV OgpUiK®V OVIOAAQY®V HE TNV
atpdéoeaipa. Or padntéc katd tn S1dpKeLD. TOV GYOMKOD £TOVC, KOTAYPAPOLV TN
Oepuokpacio TOV emQavelaKk®V vepdv g Bdlaccag, maipvovtag HETPNCELS OF
SlOPOPETIKEG Dpeg TG MUEpag kar o dpopetikd Padn (éog 10mM) kot
emPePfardvovy melpapotikd tig OempnTikég TPOoPAEYELG TOVC.

a. Merétn g emovelokng Ogppokpaciog ™ 0draccog oe oyxfon pe TO
YEOYPUPIKO TLATOC.

H xatavopn g empavelokng Oeppokpaciog ovilototyel TAPOS LE TNV KOTAVOUY|
g oktwvoPorag mov eoépyetor otn Bdlaocca. Ov Tywég g Beppokpaciog otnv
EMOGVEIL TOL TOYKOGUIOL wkeavod (BéOn vepod péypt 5 m) mapovoialovv pia
{ovoon g Tpog o Yemypaptkod mAdtoc (ewdva 1). Kovtd atov lomuepvo, ta vepd
€xouv vynAég Beppokpacieg kaB’ OAN T didpkela Tov £Tovc. Avtifeta, 6T TEPLOYES
ov PpicKoviol KOVid 6Tovg TOAOVG, Ol OEPIOKPAGIES TOV EMPAVELNKDY GTPOUATOV
glvar oyedov mavta 1daitepa younAés. v eokpatn KApatiky {dvn, ot TYEG g
Bepuokpacioc mov Aappdvel Eva pia empavelokny palo vepov etvor younAdtepes amod
OUTEG TOV TPOTMIKMY VEPOV KOl VYNAOTEPES TMV OVTIGTOLY®V TOAK®OV VEPDV KoL
petafdrlovrol onpavtikd katd t odpke Tov étoug (Epyoaotnplokéc Acknoeig
[Mopdxtiag Qkeavoypaeiag, 2016).
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Elctocskiéa: Seatemperature.org)

Ot podntég mapdxtimv meploy®v g Mecoyeiov Oa kataypdyouy Ty ida NuEPa Tov
£€T0VG PEYOAVTEPN emPaveloKN Bepprokpacio amd Tovg HoBNTEG TOPAKTIOV TEPLOYDY
g BoAtikng M tov ATAavtikod, Yeyovog TO OmOi0 OQEIAETOL GTO JLOPOPETIKO
YE@YPOPIKO TAATOC KOL KOTO GUVEREWL GTN OLUPOPETIKY) TOGOTNTO TNG MALIKNG
axtvoPforiog Tov dEyeTaL 1| TEPLOYN.

B. Merétn TG empavelokig Oeppokpaciog g 0Ghaccas KaTA TN SLIPKELX TOV
£tove.

Ot poBnTég a&lomoldvTog TIC LETPTOELS TOL KOTEYPOYAV KATA TN SLAPKELD TOV £TOVG
Bo eivar oe 0éomn va e€nynoovv v emoylokn SlakOUOVON TNG EMPOVELNKNG
Oeppokpacioc. To yedva o KopoTiopog e BdAaccoc givol mo €vtovog katl To
EMEAVEINKO oTpOUe veiotator WiEn eved 1 Oeppokpacio eivor yapnAn Kot
opotopopen. To kahokaipt, 6mov M aTpocPalpkn Beppokpacio eivar vYNAN Kot 1
€vtaon TV Kopdtov pkpn, 1 pién eivar ehdyotn ko m Ogppoxpocio Tov
EMPAVELLKOD GTPOLOTOG 0VEAVEL EVTOVA AOY® cLGCMOPEVONS BeppdTTOG.

Amd tov Mdaptio og tov Avyovoto m Beppokpacio otnv empdveln g dhacoag
ouveydg av&dvetor Ay tng amoppdenong Bepudtnrag amd v atpoceaipa. ‘Etol
mv avoién apyiler va dnpovpyeitar To emoylakd OepUOKAVEG TO 0moio €xel UIKPO
mayog ko pkpd Beppokpaciakd gvpoc. To kalokaipt 1 emwpovelokn Oeppoxpacio
ouveydc ov&avetar AGY® TOV LYNAOV OEPUOKPUCIOV TOVL  EMKPATOVV OTNV
OTHOGPALPA, HE OTOTELECUN TO EMOYLOKO OEPUOKAIVEG VO OTOKTNOEL PEYOADTEPO
nhyog kat peyaAvtepo Beppokpaciokd gbpog (skova 2, 3).

Amd to ZemtépPpro péypt 10 PePpovdplo To EMPAVEINKO GTPOUO YAVEL SOPKDG
Oepuomnta. H Beppoxpacio g atpoceapag eivar pikpotepn g Odrlocoag emmAéov
de M évtaomn TOV KLUUATICUOV aVEAVETOL GLVEXDG, MOTE VO, YIVETOL TANPT AVASELGT).
‘Etor t0 @Bwomwpo 10 mayog Ttov Oeppokhivodg avEdvel, oAld to €0pog TOL
glattdvetal g oyéon e to kaiokaipt. To yepdva 1 EAATIOCN TOV EMPOVELNKOD
oTpOuaTog cvveyileta, pe amotédeoua 1 Ogppokpacio va yivel opodpopen pHExpL
NV 0pOPTH TOL d1epKoVG BepOKAIVODC.
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Ewova 2: Avamtoén enoylakot BeppokAivodc ot Boldcoia meployr g AAOVVIGOD TO XELOVL
(Iavovdprog - kapmdAn a), v avoiEn (Ampikiog - kapmdin ) kot To karokaipt (IovAlog - KapmToAn v)
tov 2001 (Aacevakng, k.a., 2017).

Kaioxkaipt POwonmpo Xepdvag Avoidn
EAGYLOTO MEYOG EMPAVELEKOD abEnon ThyoNg EMPUVEIRKOD KOTAGTPOQT) ETUPUVELLKOD ETOVESTHIOVPYiT ETPAVELOKOD
oTphpatog aviauéng oTpduatog aviugng oTpmpatog avapuéng oTphpaTog aviapugng
Ospuoxpacio Oeppoxpasio Ozpuorpacia f\j Ozppoxpasia
L3 L3
Zénvn . Zov
Beppordavoic KOTGTPOOT| ETOYAKOD Ozppokiavoig
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TAPNG opoyEvoTOina
mg oihng
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# ehiyom évraon avipov avipov # pgioon évraong
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Ewoéva 3: AMAayn tov enoylakov Oepokiivodc aviroya e tig emoyés (Kpeotevitmg, k.a., 2017)

To emoilo €bpog TV em@ovelnkdY Beplrokpacidv yivetar HEYIOTO OTO EVOAUEST
YE@YPOPIKG TAATY], EVD OTO UIKPE KOl UEYOAD YE@YPAPIKA TAATN TO €0pOg &ivarn
gldytoto. O podntéc twv oyoleiov mov Ppickovtal og pecaio yewypaeikd TAdTy,
AMOYO TOV PEYOA®V SUKVUAVGE®V TNG OTHOCQUPIKNG Oeppokpaciog Kot GAA@V
OTHOGPUPIKAOY QOVOUEVOV, OVOUEVOVUE VO KOTOYPOWOUV UEYOAVTEPT ETOYLOKN
dtokvpaven g OepHoKPaGiag TOL ETUPOVELNKOD GTPMLLOTOG.

To ekmodevtikd cevaplo umopei vo. enektadel ®oTe va cLUTEPIAAPEL LETPNOELS OE
TOPAKTIEG TTEPLOYES LKPOL PABOVC, OTTOV 1 EMOYLOKT HETAPOAN UITOPEl va améyel amd
TO YEVIKO KOVOVO, WO1OITEPO €AV VTAPYEL CTUOVTIKY EMIOPACT VOAALLPOV VEPDV.
Ymy ewoéva 4 mapovoldletar 0 mPoeih ¢ OBepuokpociag otig ekPoréc Tov
AMdkpova (Oepuaixog Koinog, BA Aryaio), 0nmg petpnnke peta&d Iovviov tov
2004 kot Iovviov Tov 2005 (EAKE®E). Ot pafntég KataAyovv 610 GUUTEPAGHO OTL
TOTIKEG E10P0EG LaldV vEPOD Kol 1 GLVETAYOUEVN avVAUIEN SOPOPETIKOV VIATIVOV
TOMOV, EOWVOUEVO B10iTepa GLYVO GE TOPAKTIO VEPQ, UTOPOLV VO 0dNYHGOLV GE
OTOKAGELC 0T TOVG YEVIKOVG KOVOVEG.
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Ewoéva 4: Osppoxpacia, petpnoeig voto ekPordv tov Aldkpova, 06/2004 og 06/2005 (Kpeotevitg,
K.a., 2017).

v. Merétn g emavelokig Ogppokpaciog g 0dhaoccog kKatd T dapkewn TG
npépac.

Exktog amd to emoyloxd OeppokAvég ota HECH YE@YPAPLKE TAGTY VTAPYEL KOl TO
nuepnotlo OeppokAvég (ekdva 5) to omoio ivarl Waitepa Evtovo v avoiln, to
Kohokaipt kot To eOvoTmpo. Opdadeg LabnT@v amd oYorelo SIUPOPETIKMOV TAPAKTIOV
nmeployov ™G Evpdnng cviiéyouvv tipéc tng Oeppokpaciog Tov EmMPAVELKOD
OTPONATOG TNG BGAACGOG 6T SIUPKELD TNG NUEPAS, KATAXMPOVV TIG TIWES 6TN Pdon
dedopévarv, emefepyalovior To Oedouéva KoL KOTOANYOLV GE  EMGTNHOVIKG
GLUTEPAGHATA Y10 TN SLOKVUOVGT) TNG EMPOVELNKTS Beprokpaciog tng BdAaccac.

1

Diurnal Thermocline Development, 3 m.s™
0 T T T T

Depth / m

. . . .
19.5 20.0 20.5 21.0 21.5 22.0 22.5
Temperature / Celsius

Ewova 5: Avantoén nuepnoiov Oeppokivoig (lotooehida: Research met office, 2017).

2. AwOnmipac pH: Métpnon tov pH (0&otnta —aAkaAkoTnTeL)

To pH mailer omovdaio polo oto Oordcoio owocvotnuo yuoti kobopiler
SLAVTOTNTO, KOl T YNUKT LOPPT TOV TEPLGGOTEP®V OVOLOV TOL Ppickovtal 6° avTo.
H peioon 1 n avénon tov pH elvan dpeca cvvdedepévn pe ™ potocHvleon Kot v
OVOTVOT] TOV OPYAVIGU®Y TOV BOAACCIO0V OIKOGVGTHIOTOG KOl EMONEVMS oyeTileTaL
pe v mopayoykotmTa e fropdloc.

v emeavela g 0drhaccag to pH kvpaiveton omd 8,0 og 8,3 kat e&aptdror amd ™
pepikn migon tov CO oy atudoeapa, tn Oepuokpocio kol TNV oAQTOTNTO TOL
vePOL.

Ot podntég SamoTdVoLY OTL O YNUIKEG WOTNTEG TOV HOAACGI0V VEPOD dLOPEPOVY
o’ OUTEG TOL YALKOV, AGY® Tng mapovsiog aidtwv. Ta Aydtepa 6&va dhato mov
mepiEyovtal 610 BoAacowvd vepd (0mmg ta avBpokikd, dioavOpokikd Kot Popikd)
HEWDVOLY TNV LYNAN 6Evn 1 AAKOAIKY GVGTAGT TOAGOVY VYP®V omofAntev. ‘Etol n

Oren | Ldacation 177

http://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at 20/02/2020 22:21:22 |



http://epublishing.ekt.gr

Open Education - The Journal for Open and Distance Education and Educational Technology
Volume 14, Number 2, 2018 © Open Education

To&IKOTTA TOV AVUATOV Elval VYNAN oTo YAVKG vepd evd peumvetol ot Bdlacca. H
pétpnon tov pH givar to KaAdTEPO HEGO EXTIUNONG T®V OTOTEAECUATOV O180E0MG TV
O&wvov 1 aAKoAMKOV anoPANTov 610 O0AAGG10 0IKOGHGTN L.

Emiong, otdyog ¢ dpactpiomrag eivar ot podnTég va KaTovonoouy 0Tt To KPIGILo
opro emPimong v ™ {on otig Alpveg Ko ta vddtva pedpata, dev eaptdtot and
péon i Tov pH (Babpdc 6&vvong) Kotd T dtdpkeln evOg £TOVG, AALG amd TNV 7o
younAn T tov pH. Tétoleg ohvTopes, aAld emkivovveg mepiodol pe YoUNAEG TIUES
pH eppaviCovral, kuping mv avoién kotd v ™EN Tov mhyov (TAnypata 0&HTnTag).
Ov dwkvpdvoelg tov pH pmopel vo €ovv cav amotédecpa 1o 0AvoTo TOAADV
opyavVIcU®V (T.). TAAYKTOV 6TO 6,5 Kot 1 TEPKA Kot To ¥EAL oTovg 6,4 Kot 6,3-6,5
avtiototya). Eav n tyun tov pH eivan kdto omd 6,5 apyilovv ot SLGUEVEIS EMMTOCELS
o€ 6hovg Tovg (wvtavois opyavicpols kot kdtw amd pH 5 6Aa ta {da kot ta puTd
nebaivouv.

3. AwOntipsg Alotomnrag - Ayoywpétnres: Métpnon olatdmmrog (S) —
Métpnon ayoywotntag (STD)
O1 poOntég oe drapopetikéc mapdkrieg meployés g Evpdnng xataypdpovy Tiés g
olatotnTog TG 0AANGGOC KOl KATAANYOUV GTO GUUTEPAGUO OTL 1| OMKN ualo Tov
Stdvpévov aldtov TotkiAlel and pa Bdhacca oe AN Eemepvavtog ta 36gr otnyv
Meodyelo Bdhacca kot méEeToviag kKato oamd 10gr oldtov avda Kg vepod, oe
oplopéveg Teployég g Batikng OdAaccoc.

\ = T v 3 W e ‘ salinity (psu)
L e — | = :

Ewova 6: Bodtun: Kawvof] ahrérnwg oV Ewovae 7: Meodyelog: katovoun oAatdtntog
empaveta g 0dhacoag oTNV EMOAVELD TG BaAacGOG

Ot pofnTég KATaAYOUV GTO GUUTEPAGHA OTL 1] ETUPAVELOKT AAATOTNTA EivOl PEYIOTN
0T0 YEOYPOQIKE TAGTN Omov 1 etfole e€dTon eivol peyolvtepn and v €)oo
Bpoyomtmon Kot ot EAGIOTEG TIUES AAATOTNTAG PPICKOVIOL OTA YEMYPAPIKA TALTN
omov N BpoydmTmon givar peyavtepn and v e€drtuion (ewdveg 6, 7). Eniong, 1 ta
vepld TV Totoudv emnpedlovv TG TWEG ¢ ahotdotntoag wy 1 BaAtikn 0dhacca
omotelel o Aekdvn pe TEPLOPIGUEVT EMKOVOVID e TOV ATAOVTIKO, OOV YOVOVTOL
peydlol motapoi, evd m eEdton eivar gldyiotn. Avtifeta n Mecdyelog kol m
EpvOpd Odhoacoa givar dvo Aekdveg 6mov 1 Edtuion gival peydAn kot n ékyvon
TOTAULOV VOATOV EVOL ELAYIOTN LE ATOTELEG O LEYOAD TOGE OAATOTNTOC.

Emumdéov, n én kot o oynuatiopnds tov miyov tailovv polo 6T TOAKEG TEPLOYES.

4. AwOntipag Borepotntag: Métpnon g Boiepdtntag (Turbidity)
Ot pafntég xpnoiponotdvag tov aodnnpa g BoAepdTNTOG KOTAYPAPOLV TIUES TG
QLOIKNG TapopETpov N omoia kKabopilel Ty KavOTNTA SIEAEVOTG TOL NALLKOD PMTOG
oto vepd. H BoAepotnrta mpokodeitor 1 and euoikn artia (Stafpwon 1 amocHvOeon
OPYAVIGU®V UETA TO BAVATO TOVG) M A0 TAL KOAAOEWN KOl AEMTOKOKKA OL®POVUEVOL
OTEPEQ TOL TEPLEYOVTOL GTAL AVpaTa Kot Bropnyovikd amofinta kot kabldvouy otov
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mobuéva pe peyain dvekolio kot exnpedlel QUECH TO €i0T) TOV OIKOGLGTHUATOG TOV
€YoV aVENUEVEG avayKeG POTOG Yo TV avantvén tovs. To Pdbog dieiodvong tov
omT0g oto Bolooowd vepd elvar kaBoploTIKO Ylo. TNV TPMOTOYEVH TAPUYOYT
(pwtocvvieon) kat e&aptdtarl omd T Stdyeld Tov BaAacevod vepoD Kol TO UAKOG
KOMATOG TNG POTEWVNG aKTVOBoAioG.

5. AweOnmipac Awrvpévovr O&uyovouv: Métpnon Awivpévov OEvyévou
(D.0.)

270, OKLIOKG AVULOTO. TEPLEYOVTOL OPYOVIKES OVGIEG TOV UITOPOVV VAL YPNCLULOTOBovV
oav TPoen amd GAAOVG 0pyavVIGLOVS Kol Wtaitepa and pkpofia. Avtol ot opyavicpol
pe 0EEDMTIKEG avTIdpaoelg HETABOALOVV TIC 0OpYaVIKEG OVGIEG KATAVAADVOVTAS YU
avtr] ™ dwdkacio To 0&uyovo Tov glvar dStudvpévo oto vepod. Enedn to o&uyovo et
GYETIKA PIKPT SAVTOTNTA GTO VEPO, KOTOAVOAMVETUL YPIYOPO OTAV LIAPYEL LEYOAO
0pyavikd @opTio pE OMOTEAEGUO VO ONUIOVPYOVVTOL avoEPOPIEG  GLVONKEGS.
Yvuykévipoon pikpdtepn and 7 mg/lt onuaiver EAdewyn o&uyovov mov €yl Gov
omoTéELEGHO TNV UN EMPIOOT TOV YopLOV Kol TOV GAAOV agpofimv opyavicumy. Ot
@uooroyikég Tipés Tov D.O kupaivovton Tave and 7 mg/lt.
Tovg owoOnmpeg g Oolepotntog kol Tov dlaAvuévov o&vyovov Ba  tovg
YPNOUYLOTOMGOVLE Yo TNV HEAETN TOL QOIVOUEVOL TOL EVTPOPIGHOV GE KAEIOTEG
OKTEG - KOATOUG OmOv 1M KVKAOQOPio. TV VOATOV &gival TEPLOPIOUEVT, KOVTA GE
TOPAKTIEG AYPOTIKEG TEPLOYES 1 OE TEPLOYEG KOVTE o€ Mudvia 1 € mePLoyES OToL Ta
Mpato gilopéovv 6to Bardooio mepPdArov ywpig va €xovv vrootel Proroyikd
kaBapiopo.
Extéc Opmg omd Tig mEPLOYEG TOV TO PALVOUEVO TOL EVTPOPIGHOD EMOPA OPVNTIKA
ot0 mepPdAlov, ot padntéc Bo TPocdlopicovy Kol TEPLOYES OT®G Ol EKPOAEC T®V
TOTAU®V ol omoieg Teivouv cvvnBmG vo eglvar QUOIKA gVTPOPIKES, AGY® TOL OTL
HeTAPEPOVY  BPENTIKA. OLOTATIKG otV avoyt) 60dAacco, odivoviag avEnuévn
TOPAYOYIKOTNTO, KoL TPOPT] OTO YAPLOL KOl G GAAOVG OpYOVIoHOVG. Agv gival Tuyaio
OTL onuavtikd Boddocio adevtikd medio Ppiokovior Kovid og TePLoyEg e eKPOALG
nmotapmv (Bopelo Aryaio, ®pakikd TEAAYOG, KTA).

Tvlntnon-Xoprepdopato

Avtd 10 GpBpo mpoteivel T ypNon Ynekdv owchnmpov og Pdon yw v
mepParAovTiK  gvaucOntomoinon  Tov  poONTOV  péca  OmO  EKTOIOELTIKEG
dpaoctnpiotreg STEM. Tlapovoidlovtar didpopeg epappoyés mov Paciloviar og
dedopéva arcntipav mov €xovv gykotactabel oe oyoAkd KTipla, ot omoieg pmopodv
va Bpovv papUOoYn Kol OTY| LEAETT MKEAVOYPUPIKOV LUEYEDDV GE TOPAKTIEG TEPLOYEC.
210%0G NG €pevvag ovThg eival va gygipel To BEpa g £yKapng cuvewdNToToinog
tov mepParloviikov (nmudtov pe Pdon ta TpayupoTikd dedopéve PEGH TG
EQUPLOYNG KATAAANA®V EKTOOEVTIKMV GEVAPIWV.

To koioxaipt Tov 2017, &ywe o apykn o&oAdynon tov épyov GAIA yo tov
gvtomiopd mpoPfAnudtev kabmdg Kot T GLAAOYN EVIVAMGCE®V amd GUVOAMKE 944
pobnTég Kol eKTOUOELTIKOVS, ®G TPOS TO GYEOOCUO KOl TO TEPLEYOUEVO TMOV
exmadevtikov  oevapiov. H afloddynon omd Tovg EKMOOEVTIKOVG, T OToid
TPOYUATOTOMONKE GE €PYACTNPLO. TANPOPOPIKNG, NTaV OETIKN Ko apkeTd oyoAeio
0énoav va cvpmeprafouv dpaotnpiomreg GAIA oty €KTOSEVTIKY TPUKTIKY.
Ymp&e Betikn avadpacn, 6GovV apopd 6T GUVOAIKT] ATOd0YY| TOV EPYUAEI®V KOl TNG
VTOJOUNG Tov  gyKataotdOnke ota oyoleln, kabOG kol Tng éviadng TV
SpaocTNPOTATOV GTO GYOAMKO Tpoypoppo ddackaiiag. Emmiéov, 196 pobntég
IMpvaciov agloldynoav 10 ekmadevTikd Toryviol HEcw evog epmTnUatoAoyion. AT
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avtovg to 78% Pprike 10 mEPIEXOUEVO TOV Ty VIS0 evdlopipov (21% “extremely”,
26% “very”, 3% “moderately”), eved to 89% Bpnke ™ dpactnpldTTo UMK TPOG
Tovg ypnoteg (38% “extremely”, 29% “very”, 22% “moderately”).

H d1ddoon tov Atadikctoov tov Aviikeévoy (IoT), kot Ttapdiinia g a&lomoinong
dupopwv awecbnmpov otV ekmaidevorn, pmopel va cvuPdier otV mTPodOnom
Biociumv cupmeptpop®mv yio. TNV aelPopic. XP1OUYLOTOIOVTOG LIt TETOL0 VOG0T Kol
Ta OEdOUEVO. TTOL VTN TOPAYEL, €ivol gOkoA0 va dnpovpyndovv epyodeio oL
avTIKATOTTPILOVV TIC TPAYUOTIKEG GUVONKEC TMV GYOAK®V alfovocdV TOPEYOVTaS
OLOLOTIKY  avaTpoPoddTNon. H avimtuén ekmodevTikdv JpacTNPOTTOV  UE
EMIKEVTPO TNV EVEPYELNKT evailcOntonoinom ota oxoieia EAafe Oetikn avadpaon amod
Vv eknoudevTiky Kowvotnta. [apdAinia, ot Tpdc@ateg texvoroyikég eEelielg pag
EMTPETOVY VOL ETEKTEIVOVLE TNV VITTOSOLT TOV SIKTVOL GTO €YYHG LEAAOV, TPOKELLEVOL
va mapokolovbnoovpe emmiéov mepParloviikéc mapopétpovs. [ 10 okomd avtd
TPOTEIVOLLLE TN XPNON e POV o€ TOPAKTIEG TEPLOYEG Kat TN dNUovpYia SiKTHOV
®¢ ekToudeLTIKOD gpyaieiov mov Oo Ponbioel apevog oV KATAVON OGN TOV
EMNTOCEDV TOV JOPOPETIKMOY OVOPOTOYEVOV TEGEMV GTA TAPAKTIN TEPPdAlovTa,
QQPETEPOL GTNV AVAANYT SPACEMV TNG KOWVOVING Yo TNV TPOCTAGIO TMV TUPAKTIOV
Covav. Avto pmopel va emttevydel HECH EKTOOEVLTIKMOV dPAGTNPLOTHTOV GTO GYOAEID
kabde kol pécm epappoydv, mov Pacilovtar oe IoT mhoatedppeg dnwg avtn TOL
GAIA.
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