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The dissertation is focused on uncovering spatiotemporal patterns of
activity and assessing habitat use of the harbour porpoise in the Black Sea to help
inform conservation.

Increasing knowledge about the ecology of the species can enhance the
effectiveness of conservation policies. Understanding sub-regional distribution,
spatiotemporal activity patterns and habitat use of harbour porpoises in the Black
Sea could provide valuable insights to develop conservation measures aimed to
minimize human impact on this endangered population. The elusive behaviour of
harbour porpoises has led to the development of acoustic methodologies for
studying these small echolocating cetaceans, adding to traditional methods of
cetacean research.

Black Sea harbour porpoise (Phocoena phocoena relicta) is a small
cetacean, a subspecies distributed only in the Black Sea and adjacent waters. It is
listed as Endangered by the IUCN (2008) and is threatened by pollution, noise,
and very high bycatch — 11,800-16,000 animals annually (Popov et al., 2023).
Black Sea harbour porpoises behave cryptically, making the investigation of the
ecology of this species challenging. Taking advantage of the very large dataset
from the international passive acoustic monitoring BlackCeTrends project (2020-
2022), seasonal and diel variation in harbour porpoise acoustic activity was
interpreted in the context of the movements and behaviour of their key prey
species at the scale of the whole region. The dataset totalled 154,052 hours,
recorded at 19 stations along the Black Sea coastline. 1,312,076 Detection
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Positive Minutes were extracted from the data, as the measure of presence of
harbour porpoises in the direct vicinity of the F-POD.

A total of 16,805 Detection Positive Minutes of harbour porpoise presence
were validated manually by the author; error-rates of false-positive signals were
determined, which confirmed that the data could be used without editing. The
main sources of error for each species group were identified, and the associated
error-rates were estimated, which allows F-PODs to be used in other static passive
acoustic monitoring projects in the Black Sea.

Strong seasonal and diel patterns were found, which varied between
regions. In the south-eastern part of the Black Sea, harbour porpoise acoustic
activity was higher from January to May, with a peak in April. This pattern
reflects the seasonal anchovy migration from the winter spawning grounds in
warmer waters in the south-eastern region to feeding grounds on the productive
shallow Northwest Shelf. The diel pattern showed strong nocturnal acoustic
activity, which is consistent with anchovy vertical migration. On the Northwest
Shelf, harbour porpoise acoustic activity was mostly recorded during the warm
period from April to October. The diel pattern showed activity mainly during
daylight with two peaks: a smaller one at sunrise and a larger one before sunset.
This pattern is similar to the vertical migrations of sprat. Porpoises on the western
side of the Black Sea exhibited a bimodal seasonal pattern in acoustic activity,
with a larger peak in April and a smaller one in October. Such a pattern suggests
a transition between the two extreme patterns observed in the seasonally
contrasting south-eastern and north-western parts of the Black Sea. Diel activity
was primarily nocturnal. Overall, the results of the study were consistent with
prey being the important driver of seasonal and diel dynamics of harbour porpoise
acoustic activity.

The main covariates influencing harbour porpoise acoustic activity in the

north-western Black Sea were month and temperature. Several other covariates —



Detection Positive Minutes of dolphin presence, distance to the 20 metre depth
contour, hour, type of seabed and moon phase, were also found to be significant.
Temperature is suggested to be a proxy for prey presence. Preference of porpoises
for the seabed types sand or mud, rather than a mixed “sand & mud” type, — was
found, which could be connected with benthic prey. Detection Positive Minutes
of dolphins showed a negative c correlation with porpoise DPMs, which aligns
with the visual observations of the author: porpoises avoiding common dolphins
in Hryhorivsky estuary (Ukraine). Moon phase influenced acoustic activity of
harbour porpoise but moon illumination did not. This could mean that it is not the
amount of light that influences harbour porpoise activity but another factor, such
as spring and neap tidal cycles, or distance from the Earth. Generally, this work
supported the idea of high heterogeneity in harbour porpoise responses to the
environment with prey being the key driver for that.

Static passive acoustic monitoring, used for the first time in the Black Sea,
showed its value in research on ecology of the harbour porpoise. A new tool for
passive acoustic monitoring, the F-POD, has been validated and its effectiveness
demonstrated. Diverse spatiotemporal patterns of porpoise distribution, activity
and habitat use were shown within a single water mass, providing evidence for
high ecological plasticity of a marine mammal in a limited range. An unusual
type of diel activity associated with daytime was discovered for the harbour
porpoise.

The practical value of the work is its utility in informing conservation. The
results obtained in this work can be used in assessing the conservation status of
the Black Sea harbour porpoise populations in the IUCN and Red Book of
Ukraine. They are useful for planning conservation measures in this geographic
region, especially in bycatch mitigation actions. Consideration of seasonal and
diel patterns of porpoise activity when determining management action for the
fishery could help optimise bycatch mitigation. Time-area fishing closures have

demonstrated their relevance in the other areas.



Knowledge about the atypical diel pattern of harbour porpoise acoustic activity
could inform conservation in helping to establishing an IMMA site in the waters
of the current area of interest “North-western waters around sandy islands™.

The dataset generated in this study, is the first acoustic database of cetacean
monitoring in Ukraine and could be used for further detailed investigation of
Black Sea harbour porpoise acoustic behaviour. Modelling used in the study
could be applied for monitoring of seasonal presence of animals for developing

bycatch mitigation techniques.
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AHOTAIILA

leanuukosa FO. @. Mopcbka cBuHsi Phocoena phocoena relicta B8 YopHomy
MOp1: CE30HHO-I000B1 PUTMU AKTUBHOCTI, O10TOMIYHHUM PO3MOJLI 1 OXOpOHA. —
KgBanidikaiiitna HaykoBa mpaiisi Ha IpaBax PyKOMUCY.

HNuceprtaitis Ha 3700yTTS HAYKOBOTO CTyIEHsI JoKTopa (inocodii 3a
cnenianbHicTIO 091 — «bionoris». IlnctuTyT 30070r1i iMeHi [. 1. [lImansraysena
HAH VYkpainu, Kuis, 2024.

Juceprariiiina po0oTa NpPHUCBSYEHA BHUSBJICHHIO MPOCTOPOBO-YACOBUX
3aKOHOMIPHOCTEN aAKTUBHOCTI YOPHOMOPCHKOI MOPCHKOi CBHMHI Ta OLIHII
BUKOPUCTAHHS OCEJHUI MOPCHKUMHU CBUHSMH, IO MOKpAIly€e IJIaHyBaHHS
3aX0/I1B IX OXOPOHHU.

3HaHHS PO 0COOIMBOCTI €KOJIOT1i BUAY MIABUILYE €PEKTUBHICTh 3aX0/I1B
Horo oxopoHu. Po3ymiHHSI cyOperioHaJIbHOTO PO3MOJILTY, MPOCTOPOBO-YACOBUX
3aKOHOMIPHOCTEN aKTUBHOCTI Ta BUKOPHUCTAHHS OCEIUI] MOPCHKHX CBUHEU Yy
YopHoMy Mopi Hajmae iHPopmallio js po3poOJeHHS MNPUPOJAOOXOPOHHUX
3aX0J1B, CHOPSIMOBAHMX Ha MIHIMI3allil0 BIUIMBY JIIOAMHU HA MOMYJALIl IUX
TBapWH, SKUM 3arpoxkye HeoOesrneka. Uepe3 KpUNTUUHY MOBEAIHKY MOPCHKHUX
CBUHEH ISl BUBUEHHS LIMX MAJIMX €XOJOKYIOUHMX KUTOMOJIOHMX BIPOBAIHKEHO
aKyCTHUYHI METOJM, IO JOMOBHUJIO TPAIUIINHI METOAU iX JOCIHII>KECHHS.
Mopceki cBuHi (Phocoenidae), sik 1 iHIIII TpeACTaBHUKU 3y0aTUX KUTOIMOI0HUX
(Odontoceti), BUKOPUCTOBYIOTH €XOJIOKAI[IIO [ HAaBiraiii Ta >WBJICHHS.
MopchKi CBUHI, 30KpeMa, 3BH4YaiiHa Mopchka CBHHS (Phocoena phocoena)
BHUJIAIOTh BUCOKOYACTOTHI BY3bKOCMYT'OBI CUTHAJIM B YJIbTPAa3BYKOBOMY CIEKTP1
118-150 xI'11, 1110 MPUHUIMIOBO BiAPI3HSE iX B1Jl HIIUPOKOCMYTOBUX cUrHaiiB (20-
160 xI') nenwdiniB — Hanpukian, aganin (Tursiops truncatus) Ta 3BHYATHUX
nenb@iniB (Delphinus delphis), siki Takox HacensaroTs YopHe Mope.

Yopromopcrka Mopcebka cBuHS (Phocoena phocoena relicta) — miaBun
MOPCBHKOi CBHUHI, MOIIUPEHUN auiie B YopHOMY MOpi Ta MNPUJIETNIMX BOJaX.

YopHoMopchka Mopcbka CcBUHS BHeceHa g0 croucky MCOIL (2008); ii
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3arpoKyrOTh 3a0pyIHEHHSI MOpS, MIJIBOJIHUM IIIyM Ta JY>K€ BUCOKA BHUIIaJIKOBA
3aru0enp y 3Hapsaasax pudanserBa (mpuios) — 11,800-16,000 ocobuH mopivHO.
YopHOMOPCHKI MOPCBKI CBUHI MPOSBISIOTH MOTAUIUBY MOBEAIHKY, IO
YCKIIAJIHIOE 1X JAOCIIKEeHHs. B 1iif poO0Ti 3 BUKOPUCTAaHHSAM BEJIIMKOTO HAabopy
JAHUX 3 MDKHAPOJHOTO TPOEKTY TMAaCHUBHOTO AaKyCTUYHOTO MOHITOPUHTY
BlackCeTrends ce3onHi Ta 1000B1 3MIHH aKyCTUYHOI aKTUBHOCTI MOPCHKOI CBUHI
MpOaHaII30BaHO Ta OI[IHEHO B KOHTEKCTI CE30HHUX MEPEMIIEeHb Ta MOBEIIHKHU
HalBaXJIMBIIIKUX O0’€KTIB iX UBJIEHHS B Macmrtabax YopHoro mops. Habip
naHux ckiageHo 3 154,052 roauH 3anuciB akyCTUYHUMU JeTektopamu F-POD,
oTpuMaHux 3 19 craHiiil y310BX y30€pexiKks I’ ITH MPUUOPHOMOPCHKUX KpaiH
npotsirom nepioay 3 12 Bepecus 2020 poky n0 30 xoBTHs1 2022 poky. 3 3anuciB
OTPUMAaHO BiOMOCTI mpo XBuiauHU mpucyTHOCTI (Detection Positive Minutes,
DPM) — xBunuHU, IpOTIroM sIKUX Oyio 3adikcoBaHO MPUCYTHICTh CHUTHAIIIB
KUTOMOIOHKUX. 3arajoM y JOCHIKeHH1 mpoananizoBaHo 1,312,076 xBuiuH
MPUCYTHOCTI MOPCHKHX CBUHEH.

Bu0ipky 3 16,805 XBUJIMH NPUCYTHOCTI KUTOMOAIOHMX, MOPCHKUX CBUHEN
Ta Jenb(iHIB, NEPEBIPEHO BI3yaJlbHO Ta OI[IHEHO HA HAasABHICTh XHUOHO
MO3UTUBHUX CHUTHANIIB. BU3HAU€HO YAaCTKy XMOHO MO3UTHUBHUX CHUTHAIIB, KA
BUsiBWIAcS JocTaTHbO HHU3bko (0,01%) nns Ttoro, mo0 YMOKIUMBUTH
BUKOPUCTaHHA HaOopy AaHux 0e3 momepeaHboro peaaryBanHs. Kpim Toro,
BU3HAYE€HO OCHOBHI JKepesla XMOHO MO3UTHBHUX CUTHANIB — JISI MOPCHKUX
CBUHEH 11€ paJilapu YOBHIB, sIKi MOKYTbh BUJIaBaTH YJIbTPAa3BYKOBI CUTHAJIM HA TUX
CaMHUX YacTOTaXx, 1110 1 MOpchki cBUHI — Ot 120 k1, a ayist nenp(diHiB OCHOBHUM
JLKEPEJIOM TTOMUJIOK CTalld CUTHAJIM MOPCHKHUX CBUHEH. YacToTa mpoyKyBaHHS
MOMUJIOK IIUMU JIXKEpeaaMu TakoXK OyJjla BU3HAUEHA 1 BUSIBUJIACS MPUHHSATHOIO
JUTSl TIPOBEICHHS! MOJAJIBIINX €KOJOTTYHUX Ta MOHITOPUHTOBHUX JOCHIIIKEHb B
Yopuomy mMopi 3a gonomororo F-POD norepis.

B xoa1i po6oTH BUSIBIIEHO CE30HHI Ta J0OOB1 3aKOHOMIPHOCT1 aKTUBHOCTI

MOPCBKHUX CBUHEH, K1 BIAPI3HSUIUCS M1k paiioHaMu YopHOTO MOops. Y MiBIAECHHO-
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cxigHi yactuHi YopHOro MOps aKyCTUYHA AaKTUBHICTb MOPCHKOI CBUHI
MEePEBAXKHO MPOSIBISETHCS 3 CIUHS M0 TPABEHb 3 MIKOM y KBITHI. Takuii ce30HHUI
PO3MOLT Y3rOIKYEThCS 13 CE30HHOIO MITPAIlIEI0 XaMCH, SIKa MEPEMIIYEThCS 3
3MMOBHMX MICLb HEPECTY B TEIUIIIMX BOJAX y MIBJEHHO-CXIJHOMY DPErioH1 10
MICLIb Hary;iy Ha IPOJYKTUBHOMY MIJKOBOJHOMY MiBHIYHO-3aXi1THOMY HIENb)i.
VY no0oBuX puUTMax y MIBACHHO-CXiAHINH 4YacTuH1I YOpPHOTrO MOps mepeBaxae
HIYHA aKTUBHICTh, L0 CIHIBMNaJae 3 JOOOBUMHU BEPTUKAIBHUMHU MITpaIisiMu
xaMcu. MopchKi CBUHI y 3aXiiHii yacTuHi YOpHOTO MOpsI MatOTh 01MOAIbHUI
XapakTep CE30HHOI aKyCTUYHOI aKTUBHOCTI 3 MIIKaMU Y KBITHI Ta KOBTHI. JJoOoBa
aKTUBHICTD, SIK 1 B TIIBJICHHO-CX1JTHOMY PET10H], MepeBaxxHO HiyHA. Ha miBHIUHO-
3aX1IHOMY I1€JIb(1 AKyCTUYHY aKTUBHICTH MOPCHKO1 CBHHI MEPEBAXHO BUSIBJICHO
y TEIUIUM Mepioj poKy 3 KBITHA MO KOBTE€Hb. JJOOOBUI pUTM BUSBUB aKTUBHICTh
MEepEeBaYKHO MPOTATOM CBITJIOI TTOPH J100M 3 ABOMA IIKaMH: MEHIIMM Ha CXOJIl
COHIISI Ta OUTBITUM TMepena 3axoiaoM coHlsd. Llelr puTM cxXoxwuii 3 7000BUMH
BEPTUKAJIPHUMM MITpalisiMU IINPOTA. 3arajioM pe3yJabTaTh JOCIIJIKEHHS
MOKa3yI0Th, 10 3J00MY € HaWBaXUJIMBIIIKUM (HAKTOPOM CE30HHOI Ta JEHHOI
JUHAMIKUA aKyCTUYHOI aKTUBHOCTI MOPCHKOI CBUHI.

Ha akycTuyHy akTHBHICTH MOPCHKOi CBHHI B MiBHIYHO-3aX1AHINA 4acTHHI
YopHOro Mopsi 3Ha4HO BILUIMBAIOThH MICAIL POKY Ta Temieparypa Boau. Kpim
TOro, 3HAYYLIMMM BUSBWINCH JEKIIbKa I1HIIUX (PAKTOpPIB — MOPUCYTHICTh
nenb(diHiB, BiACTaHb 10 1300aTu 20 MeTpiB, roAWHA, THUI JOHHHUX BIJKJIAIIB Ta
daza Micsms. MmosipHo TEMIIEpaTypa € MOKa3HHUKOM MPUCYTHOCTI 00’€KTIB
KUBJICHHS. BUSBIIEHO TakoX yMmo00aHHS MOPCHKUMH CBUHSIMU OKPEMUX THUIIIB
JOHHMX BIJIKJIaJ[IB — OKPEMO MICKY a00 OKpEMO MYJy, aje He 3MIIIaHOr0 THILY
«IICOK 1 MyJI», 110 MOe OyTH OB’ A3aHe 3 0COOIMBOCTAMHU OEHTOCHUX 00’ €KTIB
xuBneHHs. [IpucytHicts (DPM) nenbdiHiB Mae 3HauyIIMil HETaTUBHUMN 3B'SI30K
13 npucyTtHicTi0O (DPM) MopchbKUX CBHHEH, IO Y3rOMKY€EThCS 3 Bi3yaJbHUMH
CIIOCTEPEKEHHSIMH  aBTOpAa: MOPCBbKI CBHHI ~ yHHMKaaud Ol1000YOK y

['puropiBcbkoMy nuMmani (Ykpaina). Iloxazano BmiuB ¢a3zu Micsus Ha
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aKyCTUYHY aKTHUBHICTh MOPCBKO1 CBUHI, TOJ1 SIK OCBITJIEHICTh Mics1ls sik pakTop
He BUSIBUJIA BIUTUBY Ha Mojieni. [le Moxke o3HauatH, 110 Ha aKTUBHICTh MOPCHKUX
CBHUHEH BIUIMBAE HE CBITIIO B1x Micsls, a SKUNCH 1HIIUH OB’ s13aHui 3 MicsaieM
daktop (cepen sKMX, HANMPHUKIAZ, BUCOKI Ta HMU3bKI IUKJIM IPHUIUIUBIB Ta
BIATUIMBIB, BiAcTaHb Micsus Big 3emil ToIio). 3arajiom, poOoTa MiaATBEpAMIa
170 BHCOKOI HEOJHOPIAHOCTI peakiiid MOpPChKMX CBHHEH Ha (dakTopu
HaBKOJIMIITHBOTO CEPEIOBUIIA 1 T€, III0 TOJIOBHUM CepeJl HUX € 3700UY.

CratuuHuil NaCUBHUN aKyCTUYHUN MOHITOPUHT, 3aCTOCOBaHUMN BIEPIIIE B
YopHoMy MOpi, MOKa3aB CBOIO JOILUIBHICTh Y JOCIHII)KEHHI €KOJIOT1i MOPCHKUX
CBUHEH, $K HEIOpOrMid Ta BIJIHOCHO HeBuOarnuBui wmetona. IlIpoBeaeHo
Bamiganito F-POD — wHoBoro mpuiaay sl MAacCUBHOTO aKyCTHYHOTO
MOHITOPHUHTY, 1 MOKa3aHO WOro e(eKTUBHICTh. PI3HOMAHITHICTH MPOCTOPOBO-
YaCOBUX 3aKOHOMIPHOCTEH pO3MOJITy MOPCHKUX CBUHEH, IX aKTUBHOCTI Ta
BUKOPUCTAHHS OCEJIMII] TOKA3aHO B MEXaX €JJUHOTO BOJAHOTO Oaceliny — YopHoro
MOpS, IO CBIAYUTH MPO BUCOKY EKOJIOTIYHY IUIACTUYHICTh IIUX MOPCHKUX
CCaBIliB B OOMEXeHOMYy apeali. [[J1 4OpHOMOPCHKOI MOPCHKOI CBUHI OYJO
BUSIBJICHO PIAKICHUI — IEHHUI — TUI 1000BOT aKTUBHOCTI.

[IpakTryHa IHHICTH POOOTH MOJISITAE B MOXKJIUBOCTI 11 3aCTOCYBaHHS JJIs
MJIaHYBaHHS Mip 30€pEKEeHHS Ta OXOPOHU KUTONOA10HUX. Pe3ynpTaTu, oTpuMani
B Il poOOTI, MOXKYTh OYyTH BUKOPUCTAHI JJIsI OLIHKH HPUPOJOOXOPOHHOTO
CTaTyCy NOMmyJisiii yopHOMOpchbkoi Mopchkoi cBuH1 Y MCOII Ta YepBoHiil kKHU31
VYkpainu. BoHu KOpHCHI MJis IUIaHYBaHHS MPUPOJOOXOPOHHUX 3aXOMIB Y
YopHoMy MoOpi, OCOOIMBO B [isiX, HANpPaBIECHUX HA 3MEHIICHHS MPUIOBY.
BpaxyBanHsi Ce30HHUX 1 JEHHUX PUTMIB AKTHBHOCTI MOPCHKOI CBHHI TpHU
BU3HAUYCHHI 3aXO0[iB JUIsi PUOHOTO MPOMUCIY MOKE JIOMOMOITH 3MEHIIUTH
NpUJIoOB. 30KpeMa B IHIIMX YacTUHAX CBITY JOBEIM €(PEKTUBHICTH TOYKOBI
CE30HH1 OOMEKEHHSI pUOOJIOBIIl Y BUSHAYEHUX pailoHaxX.
3HaHHS TPo HETUMoBHM it YopHOro MOps XapakTep aKyCTUYHOI aKTUBHOCTI

MOPCBKOi CBHHI € JOKa30M HEOOX1THOCTI BUSHAYEHHS aKBaTOPIi, BAXKIMBOI JIs
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Mopchkux ccaBiliB (IMMA), y Bogax akBaTopii, SIKy CTAHOM Ha 3apa3 BUSHAHO K
MEpPCIEeKTUBHY Mg aHanizy, — «[liBHIYHO-3axi/IHI BOAM HABKOJO MIIIAHUX
OCTPOBIB 1 KiC».

Ha0ip akycTuuHMX JaHUX, 310paHUX y [IbOMY JTOCHIPKEHH1, CTaB MEPIIOI0
aKyCTUYHOIO 0a3010 JaHUX MOHITOPUHTY KUTOMOMIOHMX B YKpaiHi, 1 BiH €
OCHOBOIO JIJIsl MOJAJIBIINX JOCHIPKEHb OCOOJIMBOCTEN aKyCTUYHOI IOBEIIHKH
YOPHOMOPCBKMX  MOPCBKMX CBUHEH. MopentoBaHHsA, BHUKOPHCTaHE B
JOOCIIUKEHH], € TEepCIEeKTUBHUM JUIsi MOHITOPUHIY CE€30HHOI HPHUCYTHOCTI

TBapHH Ta IJi1 pO3POOKU METO/I1B 3MEHILICHHS TPUJIOBY.

KirouoBi cnoBa: kuTonomiOHi, MoOpchbka cBUHA, YopHe Mope, €KoJIOridHe
MOJICIOBaHHS, aKyCTHYHA AaKTHUBHICTb, MPOCTOPOBO-YACOBUM  PO3MOJILI,

BUKOPHUCTAHHS OCEJHII], CE30HHICTh, pr0Oa, )KUBJICHHS.
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