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We provide the first summarizing report of preséorarates of carcasses of stranded harbour p@pois
bottlenose and common dolphins on the beachesed@ela of Azov and the Black Sea in 2000-2013. Remains
are preserved on a coastline during a warm seasithn daily maximum air temperatures 10-36°C) from 3—
102 days (harbour porpoises) to 7 years (bottledofghins). Interspecies differences in preservataie are
generally explained by body size. However, neoneapidly decompose independent of their species and
body size. The main factor of coastal geographgciifig the preservation rate is the type (origih}the
beach, i.e. dominating abrasion or accumulativegss, rather than its geographical position, caigorn or
relation to wind or current directions. 50% presgion rate for carcasses of harbour porpoises casamn or
mixed abrasion and accumulative beaches is atta@n®8d-58 days, and on accumulative beachestitaimed

at 16-17 days. Another factor is the seasonal veatigity washing off or burying carcasses in autuama
winter. Unusual weather conditions can produce daable environments for mummification and
extraordinarily long carcass preservation.

Keywords:cetaceans, harbour porpoise, bottlenose dolphithotgomy, strandings, carcass decomposition,
beach, abrasion, accumulation.

INTRODUCTION

Analysis of strandings is a useful tool in monibgri of cetacean populations.
However, this method has some limitations [1, distFof all, the number of reported
strandings (reporting rate) is only indirectly agated with the population state, and it can
be presented as the function of

Abundance x Mortality rate x Buoyancy x Dagfinditions x Discovery rate

For example, the stranding rate can rise when allpbpn increases or a mass
mortality event occurs, or in winter (when buoyaricgreases due to enlarged blubber
layer), or under favourable weather conditions. Eesv, the discovery rate is at least as
important, as the other listed factors, and inuts, it is determined by

Recovery effort x Preservation rate

The latter factor depends on human activities (mxhor burial) and on natural
processes of burial and decomposition, i.e. eathges of taphonomic transition.
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Assessment of this factor is important in plannémgadequate recovery effort, which is
necessary for effective discovery of stranded

Another application of taphonomy is paleontologicaésearch including
reconstruction of circumstances of fossil depositemd preservation. Such a historical
reconstruction often has to be grounded on compandth observed modern processes,
and the deficit of this kind of data is felt [3,5],

Here we report some results of taphonomic studgnudll cetaceans stranded on the
coastline of the Sea of Azov and the Black Seaalrticular, we examined general time
frames of carcass decomposition and the impadtarfiding location (geography and type
of the beach) on the taphonomic process.

MATERIALS AND METHODS

Data were collected from field excursions alongadbastline of the Sea of Azov and
the Black Sea in 2000-2013 (Fig. 1).

The data are available from four coastal areashensbuthern coast of the Sea of
Azov:

(1A) Chokrak Lake bar, mixed accumulative and abragoast, sandy and shell
beach, 30-50 m wide, north orientation;

(2A) Rifov Bay, an accumulative coast, sandy bedd40 m wide, north-east
orientation;

(3A) Tarkhan Cape, an abrasion coast, stone anlgd&each, 0—-25 m wide, north
and north-east orientation;

(4A) Barzovka, mixed abrasion and accumulative Gady and pebble beach, 5—
30 m wide, north and north-east orientation.

In addition, occasional observations were madaérBulganak Bay, mixed abrasion
and accumulative coast, sandy and pebble beacty G+%ide, north and north-west
orientation.

The data were obtained from four coastal areab®Black Sea coast:

(1B) Coast of the Kalamita Gulf between Novofyoddw® and Nikolaevka: a mixed
accumulative and abrasion coast (described in @auof studies [6, 7, 8]), sandy and
pebble beach, 0-50 m wide, west orientation;

(2B) Coast of the Feodosiya Gulf, central partabrasion and accumulative coast,
sandy and pebble beach, 0-40 m wide, south orientat

(3B) Chauda Cape: an abrasion coast, pebble b@atf,m wide, west orientation;

(4B) Coast of the Kerch Peninsula near Yakovenkawoabrasion and accumulative
coast, sandy beach, 10-50 m wide, south orientation

Exact locality (geographical coordinates), datepgyaphical orientation of the coast,
beach type, weather conditions (water and air teatpes, wind force and direction, wave
activity, precipitation), species, body size, agd aex category, body condition and stage
of decomposition were recorded. Marking of selecedasses was conducted.
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Figure 1. The region of study. Codes for coastaasirare indicated in the Material
and Methods section.

Neonates were considered as specimens with healfimglicus and non-erupted
teeth; current year born animals not matching theg&eria were considered as calves.
Stages of decomposition were identified as follayvifl) live stranding; (2) fresh carcass,
no visible decomposition marks; (3) early decomipmsj (4) advanced decomposition;
(5) mummification or skeletonizing. Beach types avédentified following Zenkovich
(1958) [6]. Harbour porpoise carcasses were tracethg warm season only (“summer”
in a broader sense), at maximum daily air tempezatll0-36°C, to avoid biases
associated with temperature and humidity regimes.

Statistical comparison of mean values was caladlaiging Chi-square test.
Preservation rates were estimated from linear ssgues.

RESULTS AND DISCUSSION

Harbour porpoise

In total, data on the fate of 380 carcasses wecewnered during this study, 205
(including 40 neonates) from the Sea of Azov anB (iiicluding 9 neonates) from the
Black Sea. The stranded animals were 0-20 yeardotty length range was within 50—
160 cm; body weight range was within 2—70 kg. Thusg, sample included all age and
size classes typical for the Black Sea porpddescoena phocoena relicf€].

The Sea of AzovThe maximum period of carcass preservation wesrded as 102
days (Bulganak Bay, 2011). Time intervals of 76 afl days were also recorded;
however, the most of carcasses were recorded obdaheh no longer than for 50 days
(Table 1).
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No neonates have been recorded as preserved fer thram 7 days. Transition of a
neonate carcass from the stage 2 to the stage 4vittds 36 hours; body and skeleton
parts have being lost for this time interval dueMave activity and scavenging. On the
contrary, calf carcasses decomposed at the samagailder animals. No age (excluding
neonate) or sex differences in preservation rate @iscovered.

No carcasses have been preserved on a beach aasi@gptember. While some of
them were being observed during summer, classdgedtage 4 or 5, with no or little
marks of further decomposition, none of them hasaiaed by October.

Data from 2011 significantly differed from the othgears: better preservation was
recorded on all beaches, regardless the type entation.

The most consistent data on the preservation rate wbtained from the multi-year
series of observations made on the beach of theh@arCape (fig. 2), which includes 90
traced carcass fates (excluding neonates) duri@§-2ZD11. This area was chosen as a
model because it was an unpopulated coast withsdlmmvisitors. This is an example of
a relatively high preservation rate: as linear esgion predicts, 50% of carcasses are
preserved on 34 days.
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Figure 2. Preservation rates of carcasses of hagmypoises on a beach on the
Tarkhan Cape, the Sea of Azov. The linear regradsie is shown.

The areas with dominating accumulative processésy Bay and Chokrak bar, were
characterized by rapid burial of carcasses: the wiathem were recorded once only. The
longest preservation period, as recorded, was $6. dde exception was the sample of
porpoises stranded in 2011 when an unusually highepvation rate (0.82) was recorded
on 49 days in the Rifov Bay.

Transition of partly submerged or floating carcassem the stage 2 to the stage 3 was
observed as lasting within 24 to 48 hours in sumewater temperature of 25°C. Body
mass was dropping by nearly 40% during this tinkerial (body mass of a live animal was
estimated from linear measurements of a strandedss[10]). When a carcass was on the
open air, this process lasted less than 24 hoursgh& decomposition rate of harbour
porpoises at initial stages is generally similath&t of human carcasses [11].
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Interestingly, the preservation rates of cetaceanasses perfectly match the earlier
reported pattern of preservation of marine littethe coasts of the Kerch Peninsula [12],

so they reflect general regularities of materiahsfer.

Table 1.

Preservation rates of carcasses of harbour porpois€hocoena phocoenéexcluding
neonates) on beaches of different origin.

Region Type of thel Number of| Estimated | Estimated | The longest
coast traced fateg time interval| time interval| recorded
of carcasses for 50% for 10% | preservation
preservation, preservation, days
days days

The Sea of AzoyAbrasion 90 34 78 76

(3A): Tarkhan

Cape

The Sea of AzoyAccumulative 75 17 37 50

(1A, 2A, 4A): and abrasion

Chokrak bar,

Rifov Bay,

Barzovka

The Black Sea |Accumulative 41 16 42 53

(1B): Kalamita |and abrasion

Gulf

The Black Sea |Abrasion and 78 39 70 57

(2B): Feodosiyalaccumulative)

Gulf

The Black Sea |Abrasion 27 44 80 80

(3B): Chauda

Cape

The Black Sea |Abrasion and 20 58 102 93

(4B): accumulative

Yakovenkovo

(2011 only)

The Black Sea

The maximum period of carcass preservation wasdedoas 93 days (Yakovenkovo,
2011). Like at the Sea of Azov, 2011 was the ydaanithe preservation rate was especially

high, and during other years preservation interwelee within 60 days (Table 1).

Notably short preservation intervals were foundh&t coast of the Kalamita Gulf
known by active processes of accumulation and p@am®f sand and detritus [6—8]: they
were extremely similar to those at accumulative \Azoasts. Abrasion coasts of Chauda
and Kyz-Aul capes showed the highest preservattesr slightly exceeding those of the

Tarkhan Cape.
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As in the Sea of Azov, no carcasses have beenrpegs®n a beach as long as
September: none of the summer strandings has rechbinOctober.

Bottlenose dolphin and common dolphin

Data on fates of 26 bottlenose dolphins (includiigheonates) and 7 common
dolphins were summarized in this study (Table Zohate and calf bottlenose dolphins at
the age less than 1 year old, up to 140 cm long @nd0 kg weight, are rapidly
decomposed, and none of them was recorded lateatinaonth after the finding. So these
carcasses are more similar in their decomposititesrto neonate porpoises, which are 4—
10 times lighter, than to adult porpoises of th@eaize category: a similar decay pattern
has been reported for pigs [13]. The carcassefdef bottlenose dolphins were robust to
environmental conditions. Most of them were presérduring all the warm season (from
March to October), many of them without visible egas. However, almost all carcasses
were swept off during the period from October tdifeary. The only specimen left for
more than a year was a dolphin stranded on theh@iarkCape in May 2007: its vertebral
column has been observed by the end of the studygust 2013. Carcasses of common
dolphins well preserved during two months, simtlarbottlenose dolphins, but none of
them was observed during the whole warm seasorg b

Table 2.
Preservation rates of carcasses of dolphins (exclug) neonates).

Species Number of Estimated time| Estimated time| The longest
traced fatesinterval for 50% interval for 10%| recorded
of carcasses preservation, | preservation, | preservation

days days days
Bottlenose 21 152 263 2645
dolphinTursiops
truncatus
Common dolphin 7 75 115 89

Delphinus delphis

General regularities

Strong interspecies variation in carcass presematates is clearly explained by
differences in mean body weight (see also [14]) aad be described by a linear
regression (fig. 3). However, this trend does maiude neonates, which are rapidly
decomposed regardless the species and body sizé,abscures fine-scale within-species
variation due to environmental factors.

The main physical factors contributing to carcassservations were the type of the
coast and the season. Porpoise carcasses betervea on the coasts with dominating
abrasion process and rapidly buried on accumulativastlines. The carcasses well
preserved during the spring and summer season anrel quickly destroyed by autumn
and winter storms. In the course of this study, faend no significant differences in
preservation rates, which could be caused by awésntation and dominating wind or
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current directions, on the contrary to our eantegearch summarizing data from a small
part of this sample [16].
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Fig. 3. Interspecies variation of carcass presEmvatate, mean weight vs. 50%
preservation in days. Mean weights follow Kleinemgo€1956) [15], preservation values
follow the Tables 1 and 2.

A time-dependent taphonomic anomaly was identified2011 preservation rates
were unusually high on all coastlines regardlesgrofactors. It is explained by high
stranding rate in May and June [17] combined witkather conditions favouring
mummification, namely high air temperature and lmymidity. It caused rapid decay and
dehydration of soft tissues independent of spebiedy size or age category and transition
to a mummy phase (fig. 4).

Fig. 4. Rapid decomposition of a common dolphiMaly 2011: A, fresh carcass with
early decomposition marks, May 4, photo by O. Vk#shkin and P. A. Moroz; B, the
carcass with advance decomposition marks (putiefgcdecay of skin and internal
organs) and scavenging marks, May 7, photo by BdEdin.

We did not found any association between the pvatien rate and the stage of
decomposition by the moment of stranding. Fresh stnohgly decomposed carcasses
showed similar preservation rates. Little differens quite expectable, given a rapid
transition to the stage 4 of carcasses strandédgdire warm season.
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CONCLUSIONS

Remains of stranded cetaceans are preserved @stire®during a warm season (with
daily maximum air temperatures 10-36°C) from 3—dags (harbour porpoises) to 7 years
(bottlenose dolphins). Interspecies differencepraservation rate are generally explained
by body size. However, neonates of any speciesllyagecompose independent of their
size, and normally neonate strandings would be restimated during routine monitoring
operations. The main factor of coastal geograpfectfg the preservation rate is the type
of the beach, i.e. dominating abrasion or accurnvelairocess, rather than its geographical
position, orientation, wind or current directior®% preservation rate for carcasses of
harbour porpoises on abrasion or abrasion and adative beaches is attained at 34-58
days, and on accumulative beaches it is attainetbal7 days, so only the abrasion-
dominating coasts fit routine stranding monitorgahedules based on 21-30 day interval
operations. Another factor is the seasonal wavigitgctvashing off or burying most of the
carcasses in autumn and winter. Unusual arid weathaditions can produce favourable
environments for mummification and extraordinakigg carcass preservation.

We sincerely thank D.V. Markov, V.V. Serbin, V. $ak, E.A. Kushnir,
O.V. Kukushkin, D.V. Smirnov, D.B. Startsev, I.A. ulpeisov, V. Gorokhova,
M.P. Chopovdya, K.G. Kirukh and other colleague®wbklped us in field excursions and
reported cases for this study.
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T'oabaun I1. E. TadoHoMusE MaJIbIX KHTOOOPA3HBIX, BEIOPOILIEHHBIX MOPEM: 0011IMe 0COOEHHOCTH M BJIHSTHUE
6epera / ILE. Toabaun, KA. Bumnsikosa, E.B. lnagununa // Vaensie 3amicki TaBpruecKOro HalMOHAIBHOTO
yHuBepcutera uM. B.1. Bephackoro. Cepust «brosnornst, xumus». — 2013. . 26 (65) Ne 3. —C.45-53.
IIpuBeneHB! NEpBBIE CUCTEMATHIECKUE JJAHHBIE O COXPAHHOCTH BEIOPOIIECHHBIX Ha MOOEPEkKbE TPYIIOB MOPCKOH
CBUHBY, aaTuHEI ¥ OOBIKHOBEHHOTO Jienb(pHHa Ha IipKax A3zoBckoro u Ueproro mopeit B 2000-2013onax.
OcTaHKH COXpaHSIOTCS Ha Oepery B TEUCHHE TEIUIOro ce30Ha (IpH MaKCHMAJbHBIX JHEBHBIX TEMIIEparypax
Bo3ayxa 10-36°C) or 3-102 ameit (Mopckue cBuHbH) 00 7 sier (adamuHbl). MEXBHIOBBIC pas3indds B
COXPAaHHOCTH B LEIOM OOBSCHAIOTCS pasMepamu Tena. [Ipy 3TOM HOBOPOXKAGHHBIE OBICTPO pasiararoTcs
HE3aBHCHMO OT BHZa U pa3MepoB. [J1aBHbIH (akTop reorpaduu nodepexbs, BIUAIOMNNA Ha COXPAaHHOCTb Tel, —
THI TWiDKa (aOpa3sHOHHBIN WIN aKKyMYJITHBHBIH), — a HE €ro reorpauyeckoe IMONOKEHHE, SKCIO3ULMS WK
HarpaBJIeHHe TOCHOJICTBYIONIINX BeTpoB H TeueHu. 50%coxpaHHOCTb TPYIIOB MOPCKOH CBHHBH JIOCTUTAaeTCs Ha
abpa3noHHBIX 1 a0pa3HOHHO-aKKyMYJISITUBHBIX Oeperax B TeueHne 34—58nHel, a Ha aKKyMyJISITUBHBIX —Ha 16—
17 nens. Ipyroii ¢axrop, BIUSIOMMIA HA COXPAHHOCTh, — CE30HHBIE MITOPMBI, CMBIBAIOIIIE WU TTOrpedaronye
OCTaHKHU OCEHBIO ¥ 3UMO. HeoObIuHbIE apHiIHbIC IOTOAHBIE YCIOBUSI MOTYT CO3[aBaTh OJArONpHATHYIO CPEeILy
U1 MyMUDUKAIHY 1 HETUITMYHO J0JITOr0 COXPaHEHHS OCTaHKOB.

Knrouesvle cnoea: xutoobpasHble, MOPCKasi CBUHbs, adaianHa, TaOHOMHUS, BBIOPOCHI, pa3ioXeHHe TpyIa,
IUBDK, a0pasust, aKKyMYJIALHs.

TFoabain I1.€. TadoHoOMiss MaJMX KMTONOAIOHMX, II0 BHKHUHYTI MOpeM: 3arajbHi acmexkTH i BIUIMB
6epery / I1.€. Toabain, K.O. Bumnskosa, O.B. Taginina // Bueni 3anmckn TaBpilicbKOro Hal[iOHAIBHOTO
yHiBepcutery im. B.I. Bepuaacekoro. Cepis ,,Bionoris, ximis”. — 2013. —T. 26 (65) Ne 3. —C. 45-53.
HaBeneHo mepuri cucremarwdHi JaHi mpo 30epe)KeHHs] BUKMHYTHX Ha y30epexoki TpYIiB MOPCHKOI CBHHI,
acdayiay 1 3BHYaitHOrO Nenbgina Ha TBDKaX AsoBckkoro i Yoproro mopiB B 2000-2013pokax. Ocrankn
30epiraroThesi Ha Gepesi MPOTSAroM TEIUIOro Ce30Hy (IMpH MaKCHMMAaIbHHX JCHHHX TeMmreparypax mositps 10-
36°C) Big 3-1021niB (Mopceki cBuHi) 10 7 pokiB ( adaiinn). MiXKBHIOBI BiIMIHHOCTI B CXOPOHHOCTI B LILJIOMY
TMOSICHIOIOTBCS po3Mipamu Tiia. IIpH 1IbOMY HOBOHAPOKEHI IIBHAKO PO3KIAJAIOTHCS HE3AICHKHO BiJl BHIY 1
po3mipis. ['onoBHuI (akTop reorpadii y30epeskoKs, 110 BIUIMBAE HA 30€pEkKEHHS TiJl, - THI IUIDKY (abpasiiHuii
a0 aKyMyJISITUBHMIA), - @ HE HOro reorpadiyne MOJ0KEHHs, EKCIIO3HILsE 200 HAPSIMOK MAHYIOUUX BITPIB 1 Teuiii.
50% 36epexkeHHs TPYITiB MOPCHKOI CBHHI JOCATAEThCSA Ha abpasiiiHux 1 abpasiiiHo-akyMyJISTHBHHX Oeperax
npotsaroM 34-58 1HiB , a Ha aKyMyJaATHBHHX - Ha 16-17 neHp. [Hiumii dakrop, 110 BruMBae Ha 30epexxeHHs, -
CE30HHI IITOPMH, II0 3MHBAIOTh a00 XOBAIOTh OCTAaHKHM BOCEHH i B3UMKY. He3BnuaiiHi apimHi MOrofHi yMOBH
MOXYTh CTBOPIOBATHU CIPUSITIIMBE CEPEAOBHIIE I MyMi(iKaIlil i HETHIIOBO TOBrOro 30€pe:KeHHS OCTAaHKIB.
Kniouosi cnoea: xurononioHi, Mopcbka cBHHS, adanina, TahoHOMIs, BUKHIN, PO3THH TpyMa, IUIDK, adpasid,
AKyMYJISIIis.

Hocmynuna 6 pedaxyuro 21.08.2013.
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