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Abstract

The Vdvet Scoter Melanitta fuscg is declining worldwide and is listed as Vulnerable by the
IUCN. In the Caucasust isthe only breedingseaduck and wasoncewidespreadacrossArmenia,
Turkey, and Georgia. In recent decades, both its population size andgeamave drastically
decreased, leaving only a single breeding population at Lake Tabatskuri in Georgia. Although
conservationefforts startedin 2017,there is still limited knowledgeaboutthe s p e gopalatidn
trends, breeding success, isolation, arehsons for its decline. Therefore, this doctoral research
aimed to fill these gaps by: (1) assessing seasonal abundance and reproductive success at Lake
Tabatskuri; (2) identifying factors affecting nesting behaviour and success; (3) analysing genetic
connectivity betweenCaucasiarand northern populations;and (4) evaluatingrangecontraction,
population decline, threats, and recolonization potential. Fieldwork at Lake Tabatskuri (2020
2025)includedlocalinterviews, ongoingmonitoring of the lakeandnestingisland,andsystematic
observationof pairs,nests,and broods.Geneticsamplesvere gatheredfrom Lake Tabatskuriand

the Baltic Sea, while historical distribution and threats were assessed through past records and

field surveys at former breedingites in Georgia, Armenia, and Turkey.

Results indicate that only Lake Tabatskuri supports a small, vulnerable breeding population
initially 25-35 pairs, which increased to about 480 pairs during the study due to conservation
efforts. However, reprodutive success remains limited by predation, mainly from Armenian Gulls
(Larusarmenicug, andby scarcenestingspacecausedy densevegetationandthe presence of only

one small island. Genetic analyses showed no significant differences between Caucasin
northern populations, indicating they may constitute a single panmictic population. Nevertheless,
the species has lost nearly 90% of its original breeding range in the Caucasus, disappearing
completely from Armenia and Turkey. The main causes of deditikely include predation, egg

collection, bycatch, human disturbance from fishing and recreational activities, and habitat loss.



Overall, this research is the first comprehensive ecological and genassessment of the Velvet
Scoterin the Caucasudits findings offer a scientific basisfor long-term conservation effortsKey
recommendations include protecting breeding and wintering habitats, managing gull predation,
expandingnestingareasandrestoringhistorical breedingsitesto supportpotential reintroduction

and ensur e t-teenseavyva imthersgion.| on g

Keywords: Velvet ScoterMelanitta fusca Tabatskuri, Caucasus, phylogeography, interspecific

interaction, nesting behaviourreproductive output, population decline, conservation.
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Generallntroduction

The Mergini tribe, part of theAnatidae family, mainly consists of diving ducks adapted to high
latitude ecosystems (Kear, 2005). There are 20 known Mergini species in the Northern

Hemisphere mostof which breedin tundra habitatsor northern borealforestsand mainly spend

winter in coastal waters (Johnsgard, 2010; Savard et al., 2015). Among these sea ducks, Velvet

Scoter(Melanitta fusca in the westernPalearctic),Stejneger'Scoter(Melanitta stejnegerjin the
easternPalearctic),andWhite -winged Scoter(Melanitta deglandj in the Nearctic)- three closely
related speciasp,ecfesm, amdismlpyer breedi ng 1in

Hemisphere and migrating southward to coastal habitats for winter (Collinson et al., 2006).

The Velvet Scoter breeds more or less canibusly across Eurasia from Norway to the Yenisey
River in western Siberia and winters mainly in northern and northwestern Europe (Cramp &
Simmons,1977;Rogacheval992;Carboneragtal.,2020;Keller etal.,2020).Although the Velvet
Scoter inhabits met of the Holarctic region of western Eurasia, there is a small, isolated relic
Caucasiarpopulation persistingin the Western Palearctic,that likely winters in the Caspianand
Black Sea areas (Cramp & Simmons, 1977; Delany & Scott, 2006; Skov 2051, Dagys, 2016;
Carboneras et al., 2020).

The Velvet Scoter is listed as Vulnerable (VU) on the International Union for Conservation of
Nature Red List (IUCN) due to an estimated breeding population decline of about48% over
the pastthree generatiors,now numbering approximately141,000to 268,000matureindividuals
(BirdLife International, 2020).However, outsidethe Velvet Scotersprimary breedingareasn the
northern boreal forest, the Caucasian populaticnestimated at around 1,500 individuais the
mid-1990s (Wetlands International, 2020) has declined rapidly, bringing this geographically
restricted population to the brink of extinction (Paposhvili, 2018; Keller et al., 2020). Recent

estimatedrom Georgiaindicate only 25-35 breedingpairs of Velvet Scotersremain (Paposhvili,



2018), and the species is now considered critically endangered (CR) in the region (Georgian

Biodiversity Database, 2025).

The decline of the global Velvet Scoter population has beatiributed to multiple factors,

i ncluding climate change (Drever et al., 2011
Steinacher et al ., 20009; Gydelis et al ., 20009
2018),bycatch- entangkementor drowning in fishing nets(Dagys,2016),0il pollution (del Hoyo
etal.,1992;Kear,2005),avianinfluenzaandother diseasegMelville & Shortridge,2006),hunting
(Bregnballe et al., 2006), and high duckling mortality caused by disturbance pretlation (Mikola
etal.,1994;Traylor et al.,2006).Additionally, habitat degradationplaysasignificantrole (Garthe

& Huppop, 2004; Kear, 2005; Skov et al., 2011; Dierschke et al., 2016; Dagys, 2016).

Hi stori cal i nf or mat i o edng populatiorein theeCawcasts isSimited, e r 0 ¢
making the causes of its rapid decline difficult to determine. However, records show that in the
second half of the 20th century, the Velvet Scoter still nested in Armenia, Georgia, and Turkiye
(Janashvili et al 1960; Kutubidze, 1985; Adamian & Klem, 1997; Jordania et al., 1999;
Matcharashvili et al., 2004; Gavashelishvili et al., 2005; Kirwan et al., 2014). But, by the end of
the 20th century and into the early 21st century, the species had disappeared fromstriakes in

the region.In Armenia, it hasbeensuggestedhat arapid drop in water levelsat Lake Sevarduring
Soviettimes causedhe lossof nestinghabitat, leadingto thes p e docategtidction (Adamian&
Klem, 1997). In Turkiye, habitat losshuman disturbance, and global warming are believed to
have contributed to its disappearance as a breeding species in Turkiye (Kirwan et al., 2014). In
Georgia, the reasons for the decline are not well understood, but they are likely due to a
combination ofthe same pressures affecting global populations. However, it is known that Lake
Tabatskuri is the last surviving breeding site for the species in Georgia, possibly in the entire
CaucasugPaposhvili,2018),andit is clearthat the lastpopulation of the Velvet Scoterteeterson

the brink of extinction. There is an urgent need to fill knowledge gaps in its biology and
population isolation, develop appropriate conservation and management strategies to ensure the

long-term survival of the last remaining breeding population, and facilitate potential



recolonization of formerly occupied sites elsewhere in the Caucasus. Therefore, the doctoral
researchaimedto studythe breedingbiology of the Velvet Scoter,determinethe level of isolation

of the Caucasian population, evaluate past and current threats, and analyse the potential for
regional recolonization. All of these are crucial to preventing the species' extinction in the

Caucasus region.



Chapterl. Seasonahbundanceand breedng biology of the Velvet Scoter

Melanitta fuscaat Lake Tabatskuri,Georgia

The Velvet Scoter(Melanitta fuscg, aseaduck found acrosshe circumpolarregions,is classified

as Vulnerable by the International Union for Conservation of Nature (IUCNue to its ongoing
global decline (BirdLife International, 2020). This species breeds nearly nonstop throughout
Eurasia, from Norway to the Yenisey River in western Siberia, and mainly winters in northern
and northwestern Europe, where its population is @a®ated at 202,000 to 384,000 individuals
(Crampé& Simmons,1977;BirdLife International, 2020).A small,isolatedrelic populationremains

in eastern Turkey, Georgia, and Armenia, likely wintering along the Black and Caspian seas.
However, its overallabundance and yearly distribution are still not well understood (Dagys, 2016).

In the mid-1990s, this group was estimated to total fewer than 1,500 birds, with more recent
assessments suggesting a further decline to-220 birds, based on winter sighting@Vetlands
International, 2020). In Armenia, the Velvet Scoter became extinct as a breeding species after a
sharp drop in Lake Sevan's water level during the Soviet era, which caused the complete loss of
its nesting habitat (Adamian & Klem, 1997). Similas] in Turkey, habitat destruction, increased
human disturbance, and climate change are believed to have caused the disappeafne=ding
populations(Kirwan et al., 2014). Bythe late 20th century, the Velvet Scoter was breeding on
nearly all major lales of the Javakheti Plateau in southern Georgia (Janashvili et al., 1960;
Kutubidze, 1985; Jordania et al., 1999; Matcharashvili et al., 2004; Gavashelishvili et al., 2005).
However, during the early decades of the 21st century, the species disappearend key
waterfowl habitats in the Samtskhelavakheti region, including Lakes Madatapa, Bughdasheni,
Khanchali, and Kartsakhi. Several factors likely contributed to this declir{¢) habitatdegradation
causeduy increasedwvater withdrawal for agricultural irrigation;

(2) mowing of vegetationon peninsulasandislandspreviously usedfor nesting;(3) eggcollection,
resulting in direct nest loss and disturbance; (4) eutrophication and pollution from agricultural

intensification and wastewater discharge into lakes; (5) overfishing, which reduces food

4



availability and causes accidental bycatch; and (6) excessive hunting pressure from illegal
shooting. Today, Lake Tabatskuri is considered the last remaining breeding site for the Velvet

Scoter in Gergia and neighbouring countries (Paposhvili, 2018).

A comprehensive survey conducted in 2017 across all potential breeding lakes for the Velvet
Scoter on the Javakheti Plateau, Georgia, revealed that nesting activity32%pairs) was limited

to asingle,traditionally occupiedsite, Lake Tabatskuri( 4 1 A 3 8 & RBydoghyili,2018).Since

that year, regularspringand summervisits to all potential breedinglocationson the plateauhave
confirmed the species' absence elsewheFairthermore, no VelvetScoters were recorded during
surveys in midAu g u st 2018 at four Turkish | akes wher
(41ABBANBEENEL£TAABANAGEERS40AABAN And Euyucuk ( 4 0 A4 406 N,
4 3 A 2 @sdoEumentedby BirdLife International. Collectively, theseobservationssupportedby

expert consultations and recent publications, indicate that Lake Tabatskuri now constitutes the
only remaining active breedingsite for the Velvet Scoterwithin this formerly widespreadrange.
Toidentify potential cause®fthes p e aagiensideclineandpromotethe long-term survival of

the lastexistingbreedingpopulation,asystematianonitoring programwasstartedin 2017at Lake
Tabatskuri. The study reports the preliminary findings ahis monitoring effort and discusses

possible mitigation strategies to protect this relict population.

Methods

Studyarea

Lake Tabatskuri sits at an elevation of 2,000 meters above sea level on the Javakheti Plateau in
southernGeorgia.The lake spansl4.2squarekilometres,with amaximumdepth of 43 metersand

an average depth of 15 meters. It is known for its clear, unpolluted waters. The region endures
long, cold winters, with snow cover lasting up to 150 days annually. Average daily temperagu
rangefrom -8°Cin Januaryto 12°Cin July. The lake is borderedby two villages, one of which
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extendsonto asmallpeninsulathat jutsinto the water. In the northern part of the lake liesaone-
hectareisland,currently the only breedingsitefor the Velvet Scoterin the entire Caucasusibout
one-quarter of the island is covered with shrubs, interspersed with a few pireirfus), maple

(Acer), and birch Betulg) trees, habitats that Velvet Scoters tend to avoid for nesting.

Breedingsurveys

Weekly surveysof Velvet Scotersat Lake Tabatskuriwere conductedfrom late April to November
eachyearstartingin 2017.Thesesurveysaimedto count the number of birds to assesshangesn

local abundanceyecordthe adult sexratio, and gatherdataon reproductivesucces$Figs.1 & 2).

The scoters begin laying eggs at the site in mildne. By late June, most (if not all) breeding females
are already incubating eggs. Every summer3abservers walking closely together searchtu
entire islandintensively for nestsfrom late Juneto early July. GPScoordinateswere recorded for

all nests found (Fig. 3), along with the number of eggs in each clutch (Supporting Materials Table

S1).

In 2019 and 2020, ¥ camera traps were placed at neswhere vegetation allowed monitoring
without disturbing the sitting femaleg(Fig.4a,b,c) During the posthatching period, mainly in the
first half of August, nestsfound in Juneor July were rechecked,andthe hatchedand addledeggs

in each nest werecounted. The entire island was surveyed weekly to find any nests that might
have been missed earlier. After hatching, daigbservations were madef all broods for thefirst
three weeksafter they moved towater; then, onceaweekuntil late October,to track how many
fledged, whether broods used different parts of the lake, and to identify major threats to the
specieslt isimportant to notethat in 2017 ,dueto inexperience,t is highly likely that: (1) locating

all present nests may have failed (thsland was only checked once after hatching), and (2) the
number of fledged birds was underestimated due to difficulties in distinguishing adult females
from fully fledgedyoungatlong distanceswithout prior experience Consequentlythe datafrom

20182020 are more reliable than those from 2017.



Results

During the initial surveys at Lake Tabatskuri in 2017, the Velvet Scoter population peaked at 92
individuals on June 10 (Fig. 1), with females making up 36% of the total (Fig. R)bsequent
weekly counts recorded between 25 and 32 birds from July 5 to September 10, 2017, with the
proportion of females ranging from 49% (July 5) to 39% (July 22), averaging slightly below 50%
throughout this period and most of the breeding season. 2018, the first count on April 15
occurred before the species arrived; however, 54 individuals were present by April 25. Numbers
peakedat 77 on May 5 andremainedhigh with 76individuals recordedon May 15 (Fig.1). Unlike

in 2017, there was no cleancrease in the proportion of males in late May and early June. The
proportion of females averaged 45% (range =48%) from June 10 to July 26, increasing to-68
69%from August10to August29 (Fig.2).In 2019,the maximum count of 87 Velvet Scoterswvas
recorded on May 24 (Fig. 1), with females comprising 46% of the total (Fig. 2). Eigéity
individuals persisted until June 5, after which numbers declined, but the proportion of females
stayed steady at an average of 46% (range ©53%) through Augustin 2020, peak counts of 79
individuals were recordedon May 31 and Junell (Fig. 1), with 46% beingfemales(Fig. 2). After

that, the sex ratio shifted to being more malkiased, with females averaging only 25% (range =
22-30%) from July 2 to July 19, likg due to females staying on nests during incubation. The
proportion of females then increased to an average of 54% (range &%) from August 6 to
August 24, before dropping again from September 4 to October 7 (average = 39%, range = 29

67%), and onlytwo females were recorded remaining into November (Fig. 2).

The spatial distribution and nesting results of individual Velvet Scoteests are shown in Figure

3, with colour codesindicating breeding success. In 2017, aik identified nests weresuccessful,
although some nests may have gone unnoticed. In 2018, 17 of 23 nests were successful (74%),
while one nest was predated, four were aaando
nestlacking down feathersor anincubating female,in which all eggdailed to hatch. During 2019,

17 of 33 nests were successful (52%), with 11 predated, three abandoned, and two
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Figurel. Annual seasonabariationsin the number of Velvet Scoteroobservedon LakeTabatskuri,
Georgia, during rgular counts conducted throughout the breeding season in the summers of

201%2020.

dump nests both of which failed completely.In 2020,out of 31 recordednests 23were successful
(74%); however, three females were killed while incubating, two nestgere predated, two
abandonedand one dump nestwith 22 eggs- briefly incubated- failed entirely by August5. No
significant differences were found among years in either the proportion of eggs per nest that
hatched successfully coverall hatching succes (KruskatWallis tests: H = 4.89, d.f. =3, P =0.18

and H=16.13, d.f. =3, P =0.11, respectively; n.s. in each case).



27 Nov

100 - (Y X X

® 2017
- @ 2018
S 80 -
§ 0 2019
a ® 2020
g - = .
g 60 - —_—
S 8
=
s Op ®0et® O ..&.3%.....
o 40 - Oe @
I3 P ) o 2"
§ o 00
— o o
& 204 roYe)

(¢]
O
0 T T T —0-0-00—
1 Apr 11 May 20 Jun 30 Jul 8 Sep 18 Oct
Count date

Figure2. Annual seasonathangesn sexratio (shownasthe percentageof adultsthat arefemales),

based on data collected during regular counts throughout the breeding season in summers 2017

2020.

Figure 3 (continued below)
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Figure3 (continued).Aerial surveyimagesshowingthe locationsof individual Velvet Scotemests
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Analysis ofdata from three camera traps monitoring females with known incubation start dates
confirmed that the incubation period lasted 28 to 30 days. During this time, incubating females
usuallyleft the nestonceperdayfor feeding,spendingon averagewo hoursaway,although both

the timing andduration of absencesaried amongindividuals. Hatching beganon July 18 among

the cameramonitored nests and was mostly finished by August 5, although in some cases,
ducklings hatchedaslate asthe secondhalf of August(Fig. 4c). After the first hatchling emerged,
femalesstayedon the nestfor an additional 15to 42 hoursuntil the remaining eggshatched,then

led the ducklings to the lake. No instances of active egg predation by Armenian GL#r(s
armenicu9, Hooded Crow (Corvus corni®, or Eurasian MagpieRica picd were recorded at
monitored nests during incubation. These species were only seen consuming addled eggs after
hatching or from abandonechests However,two case®f eggpredationby MarshHarrier (Circus
aeruginosuswere observed among lactive nests duringincubation. Although no camera traps
were presenton the three nestswhere incubating femaleswere killed in 2020,field evidenceand
frequent Marsh Harrier activity at monitored nests stronglguggest that this species was the
predatorin all three casegFig.4d). SupportingMaterials TableS1providesdetaileddataon clutch

size and hatching success across all four years. In 2017, 48 eggs were recorded in six nests, with
17 failing to hatch,resulting in a hatching rate of 65%. While individual duckling survival rates
could not be determined, the 31 successfully hatched eggs produced nine fledglindsating a
29%fledging rate and an overall 19%successate from eggdaid. It islikely that not all nestswere

found that year, and the number of fledged young may have been overestimated. In 2018, when
all nests were confidently located, 213 eggs were recorded in 23 nests, with 99 failing to hatch,
leadingto a54%hatching rate. The 114 hatched eggsresultedin only four fledgedyoung, with a

4% fledging rate and a 2% overall success rate. In 2019, 280 eggs were recorded across 33 nests,
with 180 failing to hatch (36% hatching rate). The 100 hatched eggs yielded five fledged young,
reflecting a5% fledging rate and a2% overall successate. In 2020,296 eggsvere documentedin

31 nests, with 150 failing to hatch, producing a 49% hatching rate. The 146 hatched eggs led to
39 fledged young, a 27% fledging rate and a total successahie8% for that year.
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Figure4 (continued below).
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Figure 4 (continued). Velvet Scoters at Lake Tabatskuri, Georgia, during the breeding season,
illustrating: (a, b, c) suitable nests for deployment of camera traps, (dpredated females, (e, f)
eggpredation,(g) an Armenian Gull Larusarmenicusattackingabrood, (h) aparentVelvet Scoter
defending a brood (such defence behaviour does not always result in duckling survival,
particularly when attackinggulls operateasateam),and (i) femaleprotecting her own broodin a

creche with ducklings of other females. Photographs by Nika Melikishvili and Nika Paposhvili.

A spatial map showing the combined use of Lake Tabatskuri by Velvet Scoter broods, based on
their recordedlocations and movements during 2012020, is presented in Supporting Materials
Figure S1. Consistent with Paposhvili (2018), adult birds with broods of different ages and sizes
usedonly about25%o0f the total lake areaduring the summer,avoidingthe remaning 75%,which

is likely too deep for good feeding conditions (local fishermen, pers. comm.). The northern part

aroundthe islandwasusedmostintensively by the broods.In the first two weeksafter hatching,
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broods mainly foraged alonghe shoreline before gradually expanding their activity into nearby
shallow waters (shown in red on Figure S1). Despite daily movements, the broods consistently
returned to the island at dusk to roost and left again at dawn toward the northwest coast, eher
they did mostof their daytime feeding.The distancefrom the islandto the feedingareaalongthe
shore ranged from 600 to 800 meters. Disturbances mainly came from Armenian GuBsUs
armenicug and local fishermen. After about 4@5 days, the broodsmoved to the northeastern
part of the lake,which isthe openwater zoneusedregularly by moulting malesin all study years

(marked in blue on Figure S1). They stayed there until shortly before leaving the breeding site.

Discussion

Observations from2017 to 2020 showed that each year, between 6 and 33 female Velvet Scoters
settledat Lake Tabatskurito nest,though slightly higher numbersof pairswere typically present

from May to mid-June. Over the four years of monitoring, the number of nestingni@ales on the
island gradually and steadily increased, reaching-32 individuals in 20192020. In 2017, a
notably higher number of females was recorded early in the season (33 individuals) compared to
the smaller numbers later in the year (@7 females fom July to September), likely reflecting
high nesting failure rates, possibly caused by egg collection by locals. Females that failed early,
like most males, probably left the lake by late July to moult elsewhere. During 2€2@®0, late
season counts of feale Velvet Scoters ranged from 8 to 27 individuals, indicating improved
nesting success compared to 2017. In 2020, some females appeared unable to leave for moulting
sitesearly in Septembebecausef the presenceof unfledgedducklings;thus, afew stayedat Lake

Tabatskuri with their broods until November (Fig. 1).

In 2017,it wasinitially assumedhat someVelvet Scoterobservedat Lake Tabatskuriduring May
and early June were temporarily staging before migrating to breeding sites in Turkdégwever,

four yearsof subsequenmonitoring showedthat all the birds recordedduring this period were
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part of the resident breeding population at Tabatskuri. After pairing up, most males left the lake
to reachtheir moulting sites,while asmallernumber typically betweenlland 19 malesstayedat
LakeTabatskurieachyear. Thesemales likely looking for chancedo matewith unpairedfemales,
moulted in AugustSeptember in the northeastern part of the lake. They generally left for their
wintering groundsby late SeptemberDuring all study years,Velvet Scotersof both sexesarrived

at Lake Tabatskuri in pairs shortly after the ice melted in April, with peak numbers consistently

between late May and early June.

Throughout all four yearsof the study, nestingwaslimited exclusivelyto the singleislandwithin
Lake Tabatskuri. VelveScotersrarely reused the same nestirgjtesin successive yearsnly one
femalewasobservednestingin the samespotfor two consecutivebreedingseasongjsingacavity
beneathalargestone.Annual nestingsuccessjefined asat leastone egghatching per nest,varied
over the four years65%in 2017,54%in 2018,36%in 2019,and49%in 2020.Thesesuccessates
were notably lower than the 6792% reportedby Brown and Brown (1981) and the 7#39%
reported by Traylor et al. (2004) for the North American Whitevinged Scoter {. f. degland).
Fledging success among hatchlings was also low (29%, 4%, 5%, and 27% in-Z020)
respectively) likely dueto predation by Armenian Gulls and Marsh Harrier, aswell asincidental
drowning of ducklingsin fishing nets. As aresult, the overall reproductive success definedsthe
proportion of eggs thaproduced fledged/oung remainediow across the study perio@9%, 2%,
2%, and 13% for 20172020, respectively). The breeding success of Velvet Scoters at Lake
Tabatskuriwastherefore lower than that reportedfor populationsin Finland, which are exposed
to significanthumandisturbance or for North American populationsunder similar anthropogenic
pressuregMikola et al., 1994).However, it wascomparableto someNorth American siteswhere
gull predationgreatly contributed to duckling mortality, resultingin fledging successatesof only

5-10% of eggs laid (Traylor &lisauskas, 2006).

In 2017 direct field observationccombinedwith information gatheredfrom interviews with local
residentsrevealedthat one of the main factorsnegativelyimpacting Velvet Scoterproductivity at

Lake Tabatskuri was egg collection by local fishermen. To addressthis problem and raise
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community awareness, informational brochures and posters were distributed in nearby villages.
These materials included details about the conservation status of the Velvet Scoter, the major
threatsto its survival, and practical wayslocal peoplecould help reducethesethreats.As aresult

of theseoutreachefforts, human disturbanceon the nestingislandsignificantly decreasedand by
2019,eggcollection hadeffectively stopped.This successitially seemedike amajor steptoward
solving the conservation problems facing the species. However, despite this progress, breeding
successemainedlow, only four ducklingsfledgedin 2018andfive in 2019.Continued monitoring
showedthat predation onducklingsby Armenian Gulls, which areabundantat Lake Tabatskuri,

had become the main cause of duckling deaths. Although broody females often tried vigorously
to defend their young, most ducklings were predated within the first few days afteatching.
Another significant source of disturbance was fishing activity, which not only disturbed broods
but alsocausedncidental duckling mortality when they were caughtanddrowned in fishing nets.
Observationgndicated that gull attackswere much more successfulvhen broodswere disturbed

by boats than when they were left undisturbed. In several cases, boat activity forced females to
leavetheir ducklingsbriefly, during which gull predationoccurred.In recentyearsthe Armenian

Gull population has grown substantially, and by 2020, its range extended across the entire
JavakhetiPlateau,where thousandsof birds were recorded comparedo only afew seenthree or

four decades earlier (A. Abuladze, pers. comm.). The reasons for this populatiorease remain
unclear, but it may be related to the growth of landfill sites in the region, which offer abundant

and easily accessible food resources for gulls.

In 2020,stepswere takento reducethe localimpact of fishing activitieson Velvet Scotersat Lake
Tabatskuri. Three key local fishermen were financially compensated to join the conservation
effort, ensuringno fishing took placewithin the main duckling feedingareaduring August2020.
Although fishing continued at the main moulting site, an &a also used by mature birds, this
measure effectively lowered human disturbance and bycatch risk during the critical duckling
development period. Starting in mieSeptember, intensive fishing usually picks up again in the
moulting zone,greatly increasingthe chanceof bycatchrelateddeaths Restrictingfishing at that
time isimpractical, asit providesthe main incomefor manylocalresidentsInterestingly, in 2020,
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many Armenian Gulls left the lake earlier than usual, probably becauserthaere fewer chicks

to feed on the island. Possibly due to this decrease in gull activity and the fishing restrictions, 39
Velvet Scoter ducklings fledged that year a significant improvement over the previous year.
Although gull predation persisted, itwas much lower than in previous breeding seasons.
Additional factors that may affect the Velvet Scoter population at Lake Tabatskuri include
weather conditions and food availability. Unfortunately, there is currently no data available on

t he s p e orithe £dnpoditior dnd abundance of potential food sources within the lake.
Meteorological conditions showed little variation over the four study years, although 2020 was

slightly warmer and drier than previous years.

It seems that the low reproductive suess of Velvet Scoters at Lake Tabatskuri is caused by a
combination of predation and human disturbance. The main predator of ducklings at the site is
the Armenian Gull, whose population has grown rapidly in recent years. This species now has a
significantnegativeimpacton the alreadysmallandisolatedbreedingpopulation of Velvet Scoters

in the Caucasus. Therefore, controlling the gull population might help improve scoter
reproductive successHowever, further studiesare neededbeforeimplementing suchmeasureso
avoid unintended ecological effects. In 2020, three incubating females were likely predated on
their nestsby Marsh Harriers. This may havebeenlinked to the reducedpresenceof nestinggulls

on the island, which usually provide indirectprotection by mobbing approaching raptors. The
decreasén gull activity could haveincreasedhe vulnerability of nestingScotergo bird predators.
Conversely, poor grass growth on the island that year might have also made predator detection
easier by réucing vegetative cover. From a demographic standpoint, losing breeding adult
females has a greater impact on the population than losing ducklings, due to the high natural
mortality of ducklings and their relatively low survival rate in the first winter. 8ll, the overall
effect must also consider the much higher number of ducklings taken by gulls, even if predation
occurs in a short period after hatching. It is crucial to improve ducklirgurvival to reinforce the
positive effects of other managemerictions, such as stopping human egg collection. Sustaining
and expandingtheseefforts arevital for ensuringthe long-term survival of the remaining Velvet
Scoter population at Lake Tabatskuri.

17



Chapter2. Geneticconnectivity betweenCaucasiarand Northern Velvet Scoter
Melanitta fuscapopulationsandits importancefor the long-term survival of the

species

Although the Velvet Scoter Melanitta fuscg inhabits much of the Holarctic region of western
Eurasia(Carboneras et al., 20203,small,isolated population remains ithe Caucasus within the
Western Palearctic (BirdLife International, 2020). In recent decades, this population has
disappeared from nearly all parts of the region, mainly due to human disturbance, habitat loss,
and p@ulation fragmentation (Adamian & Klem, 1997; Kirwan et al., 2014; BirdLife International,
2020; Omral Unsal Ozkog, pers. comm.). Currently, Lake Tabatskuri in Georgia hthstdast
remaining breeding group of the speciesin the Caucasusfewer than 100 individuals, with
consistently low reproductive success (Paposhvili, 2021). Major threats to breeding include
bycatchanddisturbancefrom fishing, competition with the Armenian Gull (Larusarmenicug for
nesting sites, and predation of ducklings by the sanspecies (Paposhvili, 2021). With the
population now nearingextinction, it is essentiato asseswhether the CaucasiarVelvet Scoteris
genetically distinct and isolated from the Northern population to guide effective conservation
efforts. This study providesthe first geneticevaluationof the CaucasiarvVelvet Scoterpopulation,
comparing it with individuals from the Northern population to assess genetic differences. The
findings will helpimprove understandingof populationconnectivity, predictthes p e adsporsé

to environmental changesandsupportthe developmentof strategieso ensurethe VelvetSc ot er 0 s

long-term survival in the Caucasus.
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Methods

Samplecollection

Samplesvere categorizedby their geographicorigin into two groups:the Northern and Caucasian
populations. Specimens representing the Caucasian population were collected from breeding
Vel vet Scoters at Lake Tabatskuri, Georgia (4
August)of 20152019.Theseincluded 2-3 wing covertfeathersfrom nestingfemalescapturedfor

ringing (n = 9), eggshell membranes from hatched eggs (n = 3, each from a different nest), and
tissuesamplesrom unhatchedembryosfound deadinside eggqn = 13,eachfrom aseparatenest).

The samples of the Northern population were collected during the winter season from drowned
Velvet Scoterscaughtin gillnets (tissuesamplesn =22)in Lithuanian coastalwatersof the Baltic

Sea from November 2015 to April 2016, provided voluntigrby coastal commercial fishermen.

DNA isolationandamplification

GenomicDNA wasextractedfrom all featherandtissuesamplesisingthe DNeasyBlood & Tissue
Kit (Ql AGEN, Germany), following the manuf ac:
volume of 100 pl. In total, 47 samples were analysed, including 25 from Lake Tabatskuri and 22

from the Baltic Sea.

A fragment of the mitochondrial cytochrome b (cyt b) gene was amplified in 14 Velvet Scoter
individuals (sevenfrom the Caucasiarand sevenfrom the Northern population) usingthe primer
pair L15369and H15915(Fu, 2000).Polymerasechain reactions(PCRs) werecarried out in 20 pl
volumescontaining 3 ul of templateDNA, 1 U of PromegaTlaqgpolymerase 1x GreenFlexi buffer,

0.4 mmol/L dNTPmix, 0.5 mmol/L of each primer, and 2.5 mmol/L Mg€&IThe thermal cycling
profile comprisedaninitial denaturation at 94°Cfor 5 min, followed by 35 cyclesof 94 °Cfor 30

s, 50 °C for 30 s, and 72 °C for 1 min, with a final extension at 72 °C fomif2 Amplification
successvasverified by electrophoresif 5 pl of eachPCRproducton al%agaroseel. Amplicons

were sequencedbidirectionally on an ABI 3130XL automatedsequencerusing the samePCR
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primersand BigDye Terminator v3.1chemistry. Sequencalignmentandediting were performed
in Geneiousv8.1.9,and unique haplotypeswere depositedin GenBankunder accession numbers

00842598 0Q842600.

Genotypicvariation wasassessedcrossnine polymorphic microsatelliteloci. Four loci originally
developedfor the Mallard (Anasplatyrhynchos) - Apl26, Apl23, Apl36, and Caud13(Denk et al.,

2004; Huang et al., 2005) and five loci known to be variable in other waterfowl species Aph02,
Aph04,and Aph07 (Maaket al.,2003),Bcall(Buchholzetal.,1998),and Sfill(Sonsthageret al.,

2019) were successfully amplified in Velvet Scoters. The nine loci were amplified in three
mul tiplex PCR reactions using forward primers
NED, or FAM dyes. PCRs &re conducted with the QIAGEN Multiplex PCR Kit (QIAGEN,

Germany).

Thermocycling conditions for loci Aph02, Aph04, Apl23, and Apl36 included an initial
denaturationat 95 °Cfor 15min; 30cyclesof 93 °Cfor 30s,60°Cfor 30s(with a0.2°Cdecrement
percycle), and 72Cfor 1 min; followed by a final extensionat 60 °Cfor 30 min andahold at 10
°Cfor 10 min. For loci Apl26, Sfill,Bcall Aph07,and Caud13the conditionswere 95 °Cfor 15

min; 20 cyclesof 93 °Cfor 305s,58 °Cfor 30s(with a0.3°Cdecrementper cycle),and 72 °Cfor 1

min; followed by 15 cycles of 93 °C for 30 s, 55 °C for 30 s, and 72 °C for 1 min; with a final

extension at 60 °C for 30 min and a hold at 10 °C for 10 min.

Amplified fragments were separated on an ABI 3130Xlergetic analyser using deionized
formamide and the GeneScan LIZ00 size standar@Applied Biosystems, FosteCity, CA, USA).
Genotypeswvere scoredand verified usingthe GeneMappen5.0 softwarepackaggPerkin Elmer,

Waltham, MA, USA).

Geneticdiversity and population structure

Basicpopulation geneticparametersvere calculatedusing ARLEQUIN v3.5 (Excoffier & Lischer,
2010). For the mitochondrial cyt b dataset, the number of haplotypes was determined, while for
microsatelliteloci, the number of alleles allelefrequenciesanddeviationsfrom Hardy-Weinberg

equilibrium (HWE) wasestimated.Allelic richnesswascalculatedin FSTATv2.9.4.To visualise
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relationships among haplotypes, an unrooted phylogenetic network was constructed in
NETWORKVv10.2.0(FluxusTechnologyLtd.) usingthe median-joining algorithm (Bandeltet al.,
1999).

For the microsatellite dataset, the degree of population subdivision between Northern and
Caucasian Velvet Scoters was quantified by estimating pairwisation indices (FST) and
conducting locusby-locus analyses of genetic differentiation with 20,000 permutations in
ARLEQUIN. To further explore patterns of genetic structure between and within the two

populations, three complementary analytical approacheere employed.

First, Analysis of Molecular Variance (AMOVA) was performed in ARLEQUIN to assess the
hierarchical distribution of genetic variation. Second, Principal Component Analysis (PCA) was
used to visualise genetic clustering in IBM SPSS Statssti2z9.0.1.0, with the first two principal
components plotted to illustrate population differentiation. Third, a Bayesian clustering analysis
wasconductedin STRUCTUREPritchard et al.,2000)to infer population structure without prior
information on population origin. STRUCTURE identifies the most likely number of genetically
homogeneous (panmictic) groups by maximising HardWeinberg equilibrium and minimising

linkage disequilibrium across loci.

The admixture model with correlated allele frequenciesas applied, using a burm period of
100,000 iterations followed by 100,000 Markov Chain Monte Carlo (MCMC) repetitions. The
number of potential clusters(K) wastestedfrom 1to 5, with 10independentreplicatesconducted
for eachK. The mostlikely K valuewasdeterminedbasedon the posteriorprobability [LN P(D)]

using Structure Harvester (Earl & von Holdt, 2012).

Recentimmigration ratesanalysis

Population immigration rates between Northern and Caucasian Velvet Scoters over the past
several generations were estimated, and the immigration ancestry of each individual (non
migrant, first-generation, or secondjeneration migrant) was determined using BayesAss v3.0
(Wilson & Rannala,2003).This algorithm estimatesthe probability of allochthonous origin for

eachgenotypedindividual basedn allelic frequencydataand doesnot assumeanigrationi drift or
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Hardyi Weinberg equilibrium. The program was executed ten times with different random
number seeds, using 100,000 iterations as bumnand 10,000,000 iterations for the MCMC run.
The run with the highest Bayesian deviance value was selected using the script developed by

Merimans (2014).

Results

Geneticdiversity and population structure

Three mitochondrial haplotypeswere identified from the 470bp fragmentof cyt b sequencesAll
three haplotypes were detected in the wintering Northern population (n = 7), whereas only two
haplotypeswere found in the breedingCaucasiarpopulation (n = 7). Notably, the mostdivergent
haplotype, differing by five variable sitesfrom the central haplotype, containedindividuals from

both populations (Fig. 1).

The number of allelesper microsatellitelocusrangedfrom 3 to 19 acrossoth populations.Mean
allelic richnesswas5.15for the Caucasiarmpopulation (n =25)and5.2for the Northern population
(n = 22). No significant deviations from HardyVeinberg equilibrium were detected in either

population.

Microsatellite genotype data revealed no significant genetic differentiation betwedme ttwo
populations(FST=0.012,P =0.08,n.s.).Resultsof the AMOVA (Tablel) indicatedthat variance
amongpopulations,amongindividuals within populations,and within individuals accountedfor
1.1%, 3.7%, and 95.1% of the total variationgspectively. Consistent with these findings, both
the STRUCTURE and PCA analyses supported the absence of population subdivision.
STRUCTURE results identified a single genetic cluster (K = 1), while the first two PCA axes
together explained 33% of the t@ll genetic variation. The ordination plot showed no separation

between individuals from the Tabatskuri (Caucasian) and Baltic (Northern) populations (Fig. 2).
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Wintering Population (Baltic)

- Breeding Population (Tabatskuri)

Figure 1. Medianjoining network (using the methods of Bandelet al. 1999) lirking the

haplotypes of the individual Velvet Scoters breeding at Lake Tabatskuri (Caucasian population)

and those wintering in the Baltic Sea (Northern population). Size of circle is proportional to the

frequency of each haplotype observed.

Table1. Output from the analysisof molecularvariance(AMOVA), basedon the microsatellite

profiles of Velvet Scotersamplegakenfrom Northern (Baltic) and Caucasiar{Lake Tabatskuri)

individuals.
Degreef |  Sumof Variance Percentage
Sourceof variation freedom squares | components | of variation
Among populations 1 2,83 0, 02Va 1,13
Among individuals within populations 45 84,16 0,07Vb 3,74
Within individuals 47 81,50 1,73Vc 95,14
Total 93 168,49 1,82
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Recentimmigration ratesanalysis

BayesAss 3.0 simulations indicated that 31.5% of individuals in the Lake Tabatskuri population
were migrants originating from the Baltic Sea, whereas only 5.1% of the Baltic population
represented migrants primarily derived from Lake Tabatskuri (per genoa). All samples from
Lake Tabatskurishoweda high probability of beingfirst- or secondgenerationmigrantsfrom the
Baltic Seasuggestingninimal or absentinternal recruitment within this population. In contrast,
only two individuals (31 and 37)from the Baltic samples displayed a high probability of being

secondgeneration migrants from Lake Tabatskuri (Fig. 3).

Discussion

Analysesof both mtDNA and microsatellite datarevealedno significantgeneticdifferentiation or
population structurebetween the Northern andCaucasian populations of the Velvet Scoter. The
findings indicate that these populations function respectively as a source and a sink, with the
Caucasian population exhibiting very limited or no internal recruitment. Consequentlyhe
resultsdo not supportthe hypothesisof geneticisolation of the Caucasiarpopulation but instead
confirm ahigh degreeof geneticintermixing, suggestinghat the speciesorms asingle panmictic
population across the western Palearctic. A similagenetic pattern may also result from
incomplete lineage sorting. Given the relatively recent coalescence times of microsatellite markers
and the generally malebiased dispersal observed in waterfowl, a broader genomic approach may
be required to disentang the effects of gene flow and incomplete lineage sorting on the observed

genetic homogeneity.

Comparable results have been reported for two geographically distinct populations of the

Whooper Swan Cygnus cygnu} breeding in Iceland and continental Europexhere genetic

connectivity was observed despite the separation of breeding and wintering ranges (Butkauskas

et al., 2012; Brides et al., 2023). Our findings suggest that (1) individuals from the Northern and
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Caucasian populations disperseefjuently, and the considerable geographic distance between
nesting sites does not act as a barrier to movement; and/or (2) gene exchange occurs at shared
wintering sites,where individuals from both populationscongregateand form pairs.However,in
contrast to the latter assumption, Brown and Fredrickson (1997) reported that Whitenged
Scoters Kelanitta degland) typically pair during spring migration or shortly after arriving at
breeding grounds. Observations of Velvet Scoters breeding at Lake Tabatséuer five
consecutive years indicate that pairs return to the lake together in late April or May (Paposhvili,
2021),implying that courtship and pair formation mostlikely occurator nearwintering areagN.

Paposhvili, pers. comm.).

As female seaducks generally exhibit strong fidelity to both breeding and wintering sites
(Andersonetal.,1992;Robertson& Cooke,1999;Mabry etal.,2013),andgiventhat femaleVelvet
Scoters nesting at Lake Tabatskuri display similar site fidelity (N. Paposhpéirs. comm.), the
observed genetic connectivity between the two populations is most plausibly driven by male

mediated dispersal.

Gene flow between populations plays a crucial role in maintaining population viability by
enhancing genetic diversity and radacing the detrimental effects of inbreeding, thereby
increasingpopulation stability andresilienceto environmental pressure¢Sonsthagertal.,2019).

The primary factor facilitating gene flow between the Northern and Caucasian Velvet Scoter
populationsis likely the existence of shared wintering areas. The Black Sea is the most probable
site where individuals from both populations overlapduring the non-breedingseasor(Delany et

al., 1999; Dagys, 2016; BirdLife International, 2020).

Determining the exact origin of individual Velvet Scoters observed in the Black Sea remains
challenging, as current data from ringing recoveries or tracking studies are insufficient to make
conclusiveinferences Neverthelesspbservationgeportedon the eBird.orgplatform indicate that

the number of Velvet Scoters migrating to the Black Sea exceeds what could be attributed solely
to the LakeTabatskuripopulation. In addition, the regularpresenceof other Arctic andnorthern-

nesting seaduck speciessuch asthe Common Scoter(Melanitta nigra) and Long-tailed Duck
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(Clangulahyemalig), supportsthe role of the Black Seaasa wintering areafor multiple northern

taxa (eBird, 2024).

Recent estimates suggest that more than 95% of the Northern Velvet Scpggulation winters

in the Baltic Sea and adjacent northwestern European coasts (BirdLife International, 2020;
WetlandsInternational, 2020).However, this doesnot precludethe occurrenceof smallnumbers

of individuals in the Black Sea, where seasomalgrations could facilitate admixture between
Northern and Caucasian birds. Importantly, even limited contact such as the exchange of only a
few migrants per generation can be sufficient to prevent genetic drift from leading to marked

population differentiation.
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Figure 2. Ordination of the individual microsatellite genotypes along the first and the second

Principal Component Analysis (PCA) axes.
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Figure 3. Individual ancestries of Velvet Scoters from Lake Tabatskuri and the Baltic, Sea
respectively, inferred from BayesAss 3.0 Bayesian analysis (the first 25 samples are from Lake

Tabatskuri and the remaining 22 from the Baltic Sea).

The evidence presented underscores the urgent need to identify, preserve, and protect key
wintering areasn the BlackSean coordinationwith the protection of breedinghabitatsto ensure

the long-term conservation of the Velvet Scoter population. Habitat loss is widely recognised as
one of the principal drivers of species extinction, and the recentgtadation and disappearance

of historical Velvet Scoterbreedingsitesin Turkey, Armenia,and Georgiaserveasstarkreminders

of this threat (Adamian& Klem, 1997;Kirwan et al., 2014;Paposhvili,2018).Consequently L ake
Tabatskuri and its island havacquired exceptional conservation significance, as they currently
representthe only location in the entire Caucasushat fulfils the s p e dieedmgrequirements.

As long as these ecological conditions are maintained, the Velvet Scoter will continupdusist

as part of the regionbs biodiversity.
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Despite the absence of pronounced genetic differentiation between the Northern and Caucasian
populations, it remains essential to implement a lorigrm management strategy and to
strengthen conseration actions aimed at protecting the entire ecosystem of Lake Tabatskuri,
rather than focusing solely on the Velvet Scoter population. Following the restriction of human
access to the islands during the breeding season, the number of nesting pairs at Tabatskuri
increased markedly from six pairs in 2017 to 39 pairs in 2022. This growth highlights the
importance of maintaining and enhancinghabitat quality and may, in the short term, alsoreflect
immigration of individuals from northern populations.Although this increase may be partly
explained by a strong reproductive output in 2020 (39 fledged ducklings), the possible

contribution of migrants from the Northern population cannot be excluded.

To better understand the mechanisms driving this recovemgnd to clarify the degree of
connectivity between the Caucasian and Northern populations, further genetic analyses with
larger sample sizes and higheesolution methods are warranted. The application of genomic
techniques such as doubldigest restrictionassociated DNA sequenci@dRAD) could provide
finer resolution for detecting subtle population structure and distinguishing between historical
and contemporary gene flow. A previous study employing ddRAD to compare Northern Velvet
Scoters and American \Wite-winged Scoterslelanitta degland) successfully identified distinct,
speciesspecificgeneticclusters(Sonsthagert al., 2019),demonstratingthe potential valueof this

approach for future research.

28



Chapter3. Nestingbehaviourandfactorsaffectingreproductive successf Velvet

ScoterMelanitta fuscabreeding at Lake Tabatskuri, Georgia

Historical data on the breeding numbers of the Velvet Scoter in the Caucasus remain limited.
Recent field observations indicate that multiple facts including habitat degradation, hunting,

egg collection, entanglement and drowning ifishing nets, as well as predation pressure may all
contribute to the s p e daw eepréductive successThis s likely the main factor behind its rapid
population decline (Paposhvili, 2021). Research conducted at Lake Tabatskuri, Georgia showed
that the overall reproductive output of the Velvet Scoter was negatively affected by low nesting
success. This may result from a combination of factors such as human distwdyapredation,
competition within andbetweenspeciegfor example gulls Larussp.andother Scotersoccupying
nesting sites)the ageand health of breedingemales, and possiblgther unknown influences.A

full understanding of these ecological factoraffecting nesting success is urgently needed to
improve conservation efforts. These efforts should focus on increasing breeding success and
helping the speciesecolonizehistorically usedsitesacrosghe Caucasusl o addresghis, the study
combinesdirect nest observations with remote monitoring tools particularly camera traps that
offer continuous surveillance of nesting activity to identify the main factors influencing the

nesting success of the Velvet Scoter at Lake Tabatskuri.

Methods

Studyarea

LakeTabat s k ur 4 3 A 3lieshBt)e daMakhetivolcanic plateauat an elevation of about
2,000 meters above sea level in Georgia. It is situated along the border between the Borjomi and

Akhalkalaki municipalities, in the northern part of the SamsarMountain Range.The lake s part
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of the KtsiaTabatskuri Protected Area, managed by the Borjeitharagauli Protected Areas
Administration, and is borderedby two settlementsTabatskuriand Moliti. Coveringan areaof

14.2 kmz?, thelake reaches a maximum depth of 45 meters (with an average depth of 15 meters)
and is known for its clear, unpolluted waters. The regional climate features cold winters, with

snow cover lasting up to 150 days each year.

A small island about 1 hectare in B¢, located in the northern part of the lake (Supporting
Materials Fig. S1), currently serves as the only nesting site for the Velvet Scoter in Georgia and
across the Caucasus region (Paposhvili, 2021). This island seems to provide especially favourable
breedingconditionsfor the Scoterslikely becausef the presenceof both deepandshallowwaters

around it, which support clear, fooerich zones suitable for foraging by adults and later by
duckIl ings. The islandbs de n des forvnatgriowl,aeffectively o f f «
protecting them from landbased predators. Additionally, the presence of breeding Armenian

Gulls (Larusarmenicug may help protect nestingscotersby deterring bird predatorsthrough the

gull sé6 defensi viteerowmhests.i our s around

Nestsurveys

Each summer from 2019 to 2021, systematic nest surveys were carried out on the island, during
which two or three observers walked in close parallel lines to thoroughly search the entire area
for neststhroughout Juneand July (SupportingMaterialsFigs.S2 &S3).The islandwassurveyed
three times each breeding season to find any nests that might have been missed during earlier
visits. For each nest, the geographic coordinates (latitude and longitude; Fig. 1), clutch size, and
eggfatewererecorded.Camerarapswere setat nestswhere surroundingvegetationdid not block
visibility (SupportingMaterialsFig. S4)andwere placedat different nestsitesacrosghe islandin

each study year: seven in 2019, four in 2020, and fine2021 (Fig. 2). All camera traps in photo
mode were installed 700 cm from the nest, while a single video mode camera trap was placed
less than 35 cm away. These motion activated devices were installed not during the first survey

but during subsequentisits. In total, 131,219 photographs were taken and later analysed.
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During the post hatching period (August), all nests were revisited to record the number of
hatched, unhatched, and/or predated eggs in each clutch (Supporting Materials. S§s& S6).
These data were used to calculate the proportion of successfully hatched and predated eggs per
nest,thereby estimatingoverall hatching and nestingsuccessAll unhatchedeggswere openedto
determine whether they were addled or contained deambryos (Supporting Materials Fig. S7).

For nests monitored by camera traps, additional behavioural and environmental data were
collected, including records of species visiting the nest, daily defensiNgplays of female scoters
(e.g.,bill openingandhissingdirectedat approachingntruders), the frequencyof eggturning and
positional adjustments by incubating females, periods when nests were left unattended, the
duration of the entire nesting period, instances of egg predation, and ambient air terapees

derived from the camera trap data (Supporting Materials Figs-&BL).

Dataanalysis

It washypothesisedhat eggpredation,year,presenceof cameratraps,and air temperaturecould
influence the proportion of successfully hatched eggs within autth (hereafter referred to as
hatching success). The inclusion of the camerariable was necessary, as the presence of camera
traps might have caused disturbance to incubating females, potentially leading to nest
abandonmentDatafor all variableswere derivedfrom field observationsconductedin 2019,2020,

and 2021 (Supporting Materials Table STa. To identify which factors most strongly affected
hatching success, linear models (LMs) were constructed using R software, version 4.3.2 (R Core
Team, 2023 with the predictor variables specified in Table 1. All possible combinations of
predictorsandtheir interaction termswere examinedto determinethe mostparsimoniousmodel.
Model selection was based on the Akaike Information Criterion (AIC). The sammdelling
approach was applied to assess which predictor variables influenced the proportion of predated

eggs per clutch.
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Figure 1 (continued below).
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Figurel. Aerial surveyimagesshowingthe location of individual Velvet Scotemestson the island
in LakeTabatskuriduring: (a) 2019,(b) 2020and (c) 2021.Greenpoints = successfuhests;yellow

= predatednests;blue =abandonedhests,violet = dump nests;red = nestswith predatedfemales.

Figure2. Aerial surveyimagesshowingthe location of individual Velvet Scotemestson the island
in Lake Tabatskuri where camera traps were deployed in summers 2Q021. Yellow points =

2019 (at 7 nests); red = 2020 (4 nests); bh2021 (5 nests).
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Results

Nestsurveys

A total of 99 nests with clutches were recorded over the thrgear study period: 33 in 2019, 31

in 2020, and 35 in 2021. Throughout all years, breeding pairs often chose similar nesting sites,
although not necessarilythe exactsamenest bowl,with mostnew nestssituatedwithin 2-3 m of

the previous yearo6s | ocation. In 2019, of t he
least one egg hatched), 33% were completely predated, 9% were abandoned (containing addled
eggs), and 6% were classified as dump nestsests without an nhcubating female, which
consequently failed to hatch (Table 2; see also Paposh2021). Among 280 eggs fourid these

nests, 36% hatched successfully, 32% were addled, 3% contained dead embryos, and 29% were
predated (Table 3). The mean clutch size (#3in successful nests was 8.47 + 1.37 eggs, with an
average of 5.88 + 2.20 eggs hatching per nest (Table 3). In 2020, 74% of the 31 clutches were
successfull6% were predated(including three casesvhere femaleswere killed on the nest),6%

were abandmed, and 3% were laid in dump nestscontaining 22 eggsthat were briefly incubated

but ultimately failed to hatch by 5 August (Paposhvili, 2021; Table 2). That year, 296 eggs were
recorded, with 49% hatching, 41% being addled, 5% suffocated, and 5% pratiéfable 3). The

mean clutch size for successful nests was 9.26 + 2.09 eggs, with an average of 6.34 + 1.92 eggs
hatched(Table 3). In 2021,74% of the 35 clutcheswere successful6% were predated,14%were
abandoned, and 6% were dump nests withouicubating females, all failing to hatch (Table 2).
Among 325recordedeggs 55% hatchedsuccessfully31%were addled,5% were suffocated,and

9% were predated(Table 3). The averageclutch sizeof successfuhestswas8.88+ 1.03 eggswith

an average 06.80 + 1.86 eggs hatching per nest (Table 3).
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Table 1. Variablesincluded on modelling the hatching succesf Velvet Scotersbreeding at

Tabatskuri Lake, Georgia.

Variable Description

Nestsuccess The proportion of nestsin which O1 egghatched

Hatching success | Percentageof hatchedeggsn asuccessfutlutch

Predation Presenceor absenceof predatedeggsn aclutch

occurrence

Predationrate (%) | Percentageof predatedeggsn aclutch

Year Yearof the study

Cameratrap Presenceor absenceof a cameratrap deployedto observethe nest

Air temperature Mean air temperature (°C) over the nesting period, extracted from

cameratraps

Table2. Colony sizeandfate of Velvet Scotemestsfound at TabatskuriLake,Georgiain summers

2019 2021.
Year
Nests 2019 2020 2021
Initiated 33 31 35
Successful 17 23 26
Predated 11 2 2
Nestswith predatedfemales 0 3 0
Abandoned 3 2 5
Dump 2 1 2
Camerarap data

All clutches in nests with camera traps hatched successfully each yedhefstudy (Supporting

Materials Table S1ac). Datafrom one of the sixteencamerasspecifically the one operatingin
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video mode were excluded from the analysis of factors affecting hatching success because this
camerawasinstalled within 35cm of the nest(comparedto 70-90 cm for the others)andwasleft
uncamouflaged, increasing the chance of disturbance (see Supporting Materials Annex S1 for

detailed observations from this device).

Model selectionusingthe Akaike Information Criterion (AIC) identified the bestfitting modelfor
hatching succesasincluding two categoricalpredictors:the presenceor absencef predationand

the presence oabsencef cameratraps(Table 4, Fig. 3). Nests that didot experience predation
showed higherhatching success, and the negative impact of predation seemed to be lessened by
the presence of a camera trap. In other words, nests monitored by camera traps demonstrated
reduced vulnerability to predation. This model explained 26.4% of the variance intdtang

success (P < 0.001; Table 4).

The proportion of depredatedeggsper clutch wasbestexplainedby two categoricavariablesyear

and the absence of camera traps (Table 5, Fig. 4). Lower predation rates were observed at nests
where camera traps weré@stalled, while higher levels of clutch depredation occurred in 2019
compared to 2020 and 2021. Females returning to their nests showed different behavioural
responses to the presence of camera traps, most often displaying brief curiosity toward the
unfamiliar object. Only four females (27%) showed clear threat displays directed at the cameras.
However, all femaleshabituatedquickly, showing no further reactionto the camerashy the next

day. On rare occasions when threat displays were directed at a caniercould not be ruled out

that the behaviour was in response to another, unseen stimulus behind the device (i.e., outside
the c a me freld 6f giew). To prevent misinterpretation, all threat displaystoward camerasvere

excluded from behaviourahnalysis.

A total of 2,534 threat displays, recorded from fifteen cameras, were attributed to responses to
external stimuli rather than beingdirected at the cameraghemselvesOnly 13 of theseinstances
captured the source of disturbance, and all of tleegvere identified as Armenian GullsL@rus

armenicug (Supporting Materials Fig. S11).
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Table3. Clutch sizeand nestsuccess$or all Velvet Scoternestsfound at TabatskuriLake,Georgia

in 2019 2021, together with the average number of hatched, depredated, addled and suffocated

eggs in the nests. Sample sizes for all nests and successful nests each year are in Table 2, with

detailed information in Supporting Materials Table Slagb,

Year
Reproductiveparameter 2019 2020 2021
All nests
Clutch size(meanzxs.d.) 8.5+29 9.6 £3.2 9.314.0

Nestsuccesgmeanz 95%Cl)

0.52(0.34'0.67)

0.74(0.59 0.90)

0.74(0.60 0.89)

Successfuhests

Clutch size(meanzxs.d.) 85%14 9.3x2.1 8.9+1.0
Eggshatched (meant s.d.) 5922 6.4 +£2.0 6.8 1.9
Eggsdepredatedmeanzt s.d.) 0.2 £0.5 0 0.2 £0.2
Eggsaddled(meanzs.d.) 1.8+1.6 2611 1.4+19
Eggssuffocatedmeanzxs.d.) 0.6 £0.5 0.3 0.5 0.5+£1.1

Table4. Summary of the best linear model of the relationship between the hatching success and

predictor variables (see Table 1 for a description of the variables). Reference models used in the

analysis were fiDepredation: Noodo and ACamer a

Model item Coefficient P value

Depredation:Yes 10.449 <0.001

Cameratrap: Yes 0.110 0.302

Depredation: Yes * Camera 0.467 0.017

trap: Yes

Intercept 0.561 <0.001

AdjustedR2 0.264 <0.001
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Table5. Summaryof the bestlinear modelof the relationshipbetweenthe depredationpercentage

and predictor variables (see Table 1 for a de

trap: Noo are the categories used for model r
Model item Coefficient P value
Year:2020 10.2988 0.0005
Year:2021 10.2619 0.0017
Cameratrap: Yes 10.1884 0.0416
Intercept 0.3876 <0.0001
AdjustedR2 0.136 0.0007
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Figure 3. Box plots showing the relationship between the most important predictor variables
(listedin Tablel) andhatching succes$or Velvet Scotersat TabatskuriLake,Georgia:(a)with no

camera traps installed by the nests, and (b) with camera traps installed.
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Figure 4. Box plots showing annual variation the percentage of predated eggs in a Velvet Scoter
clutch at Tabatskuri Lake, Georgia: (a) with no camera traps installed by the nests, and (b) with
cameratrapsinstalled, on including other significant predictor variables(listed in Table1)in the

model.

Data collected over the threg/ear study periodfrom both direct observations and camera trap
recordings,showedthat land-basedoredatorswere absenton the island. The main avianpredators

present included Armenian Gulls l(arus armenicuys which nested on the island, and Marsh
Harriers (Circus aerugimsusg, which bred in wetland areas located in the northeastern and

southwestern parts of the lake.

Throughout the 20192021 monitoring period, no active predation of Velvet Scoter eggs by
Armenian Gulls or Marsh Harriers was observed at active nests duricgntinuous camera
surveillance during incubation. Only one camera trap captured two egg predation events by a
Marsh Harrier, both at the same nest (21/2019). Despite these predation events, the incubating
femaledid not abandonthe nestandeventually hatchedfour ducklings.The MarshHarrier visited

the nestbriefly, for about10-15 minutesafter midday (12:40h; 14:50h) on two consecutivedays
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(24 and 25 August 2021), eating one egg during each vi3it.both occasions, the female left the

nest safely and returned after three and five hours, respectively (Supporting Materials Fig. S10).

Armenian Gulls, including both adults and juveniles, were observed removing spoiled eggs from
a scoter nest where the remaining eggs had already hatchedhwiuch behaviour documented
only five times(SupportingMaterialsFig. S11) Evidenceof scotereggpredationwasfound during
annual nest inspections across the island, with most incidents likely caused by Armenian Gulls,
giventheir high numbersandfrequent presencenearnests.None of the three nestsin 2020where
incubatingfemaleswerekilled on the nest(SupportingMaterialsFig. S12)werefitted with camera
traps. However, since no other large avian predators were present in the area during sermm

these incidents most likely involved Marsh Harriers.

Beyond the predator species, camera trap recordings also captured visits by other Velvet Scoters

to activenestson two separateccasiongseeSupportingMaterialsAnnex 2 for detailedaccounts).

Following successful hatching and the subsequent movement of ducklings to the water, camera
trap recordings documented females returning alone to their nests on four occasions. In three of
these cases, females returned within one hour of departure, whitethe fourth instance, the
return occurred the following day. In each case, the returning females, presumably having lost
their broods,remainedat the nestsite for two to three days,apparentlyanticipating the hatching

of any remaining eggs; however, nadditional hatching events were observed.

Camera trap data confirmed that the total incubation period lasted-28 days for nests with
known start dates (n=11). The start of incubation was defined as when the female settled in the
nestandstayedthere for mostof the day, usuallyat the end of June Hatching generallyhappened
between July 20 and 25. Across all camera monitored nests, females rolled their eggs an average
of 7.07x+ 5.16timesper day (n=155;max=24)and changedtheir body position an averageof 17.87

+ 12.47 times per day (n=164; max=60). In some cases, it was hard to tell the difference between
eggrolling and repositioning, so ambiguous observations were counted as position changes. The

real number of eggolling behaviours was problaly higher than reported.
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During the incubation period, females left theinests for an average of 2.38 + 2.18 hours per day
(n =153).In three casesthe absencesvere unusuallylong, lastingbetween15and 24 hours,once
during the early incubation stageand twice during the final daysbeforehatching. Conversely,in
four casesfemalesremainedcontinuously on the nestfor afull 24 hours, occurring twice during
mid-incubation andtwice on the day of hatching. Beforeleaving,femalestypically coveredtheir

eggs with down, although this behaviour was not observed in five recorded instances.

I n two cases, a Marsh Harrier visited the san
additional case, a different Velvet Scoter femalath five ducklings visited an unattended nest
about40 minutes after the incubating femaleleft, stayingfor lessthan two hours (seeSupporting
MaterialsAnnex 2). In two other casesno visits by other birds were recordedduringthef e mal e 6 s

absenceboth occurred two to three days before hatching.

One observation documented a female leaving four newly hatched ducklings unattended in the
nest,returning after three hours,then leavingagain90 minuteslater, and coming backtwo hours
after that. During these absences, the ducklings stayed huddled together and did not leave the
nest.After her final return, the femalebroodedthe ducklingsfor roughly 14 hoursbeforeleading

them away from the nest site.

Discussion

Observations collected between 201and 2021 indicated that the average clutch size of Velvet
Scoter nests at Lake Tabatskuri ranged between eight ame eggs across the three stughars,

with mean clutch sizes of 8.47, 9.26, and 8.88 eggs in 2019, 2020, and 2021, respectively, for
sucessfulnests(i.e.,thosein which atleastone egghatched).Modal clutch sizeswere eight eggs

in 2019 and nine eggs in both 2020 and 2021. In 2019, overall clutch size ranged from four to
thirteen eggs(mean=7.94,excluding eggsfrom dump nests);in 2020,from three to fifteen eggs

(mean=9.13);andin 2021,from two to twelve egggmean=28.48).Each yeara smallnumber of
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predated or abandoned nests contained only two to six eggs. Only two incubating females were
recorded with unusudly small clutches: one with six eggs, of which two hatched, in 2019, and
another with three eggs, of which one hatched, in 2020. Both cases were likely second nesting
attempts, inferred from the small clutch sizes and the continuation of incubation intaréy

August.

Basedn thesefindings, the typical clutch sizefor Velvet Scoterdreedingat Lake Tabatskuriwas
8-9 eggs, consistent with values previously reported for taiga and arctic breeding populations of
the speciegCramp& Simmons,1977).This clutch sizeprobablyresultedin anaveragebroodsize

of roughly six to seven newly hatched ducklings.

Hatching success increased significantly with lower levels of predation, which were notably
reducedin 2020and 2021comparedwith 2019.This declinein predationwasmostlikely related

to the reproductive failure of Armenian Gulls during these two years (N. Paposhvili, pers. obs.).
In 2020, many gulls left the lake early after losing their chicks, while in 2021 only a few dozen

pairs nested successfulhn the island.

The placement of camera traps near nests, within the view of incubating females, had no
detectablenegativeeffect on hatching or overall nestingsuccesshroughout the study. Although

the cameras initially caused increased threat displagshe first few days after installation, this
behavioural response diminished over time. The initial concern was that such heightened
vigilance might increase energy expenditure and potentially reduce body condition, thereby
i nfl uenci ng ttyhtecompietmadtuleabos or grotect the hatched ducklings from
Armenian Gullswhile leadingthem to water (aspreviously noted by Paposhvili,2021).However,

no direct negativeeffectson nestingfemaleswere observedandusingcamera trapsvasvaluable

in identifying factors that influence nesting success and female behaviour.

Camera recordings showed that incubating Velvet Scoters generally succeeded in deterring
Armenian Gulls from nests through threat displays. Only one instance of direct physical
aggession toward an approaching gull was recorded. Threat displays happened daily at all
monitored nests; out of 2,534 displays, only thirteen images captured and identified the
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approaching intruders as Armenian Gulls. In all other cases, tliessr ce of t he f emal
posture was unclear, making it impossible to tell if the response was aimed at an actual threat or

potentially at the camera itself.

Interestingly, the presence of camera traps seemed to lessen the impact of egg predation on
breedingsuccessThis indicatesthat while Velvet Scotersvere mostly unaffectedby the cameras,
potential predatorslike Armenian Gulls might havebeenmore cautiousor kept away. The reason

for this effect remains unknown. Notably, most camera trapgere set up in areas with sparse
vegetation to improve visibility, which might have made these nests more noticeable and

accessible to predators.

Unlike interactionswith Armenian Gulls, nestingVelvet Scoterfemalesgenerallycould not repel

Marsh Harrierswhen theseraptorsapproachedr attackedthe nest.In severalinstancesfemales
temporarily abandoned the nest when the predator arrived, returning@w hours later to check

on the clutch andresumeincubation if the nestremainedlargelyintact. In 2020,three incubating

females were found to have been killed by Marsh Harriers while on the nest. This predation
pattern may have been linked to the early departure of Armenian Gulls from the lake that year,
which I eft Velvet Scoterotwicth omt ntohenafi i mbmpelo
Typically, nesting Armenian Gulls actively mob raptors approaching the island, offering an

indirect defence for nearby scoter nests.

The presence of dump nests also contributed to a decrease in the totalbamof successfully
hatched eggs. Egg dumping is well documented among waterfowl, often seen as a form of
conspecificnest parasitism (Weller, 1959) or asresult of nessite limitation under high nesting
densities (Morse & Wight, 1969; Kruckenberg, 2019ther explanations include egg laying by
femalesthat haverecently lost their own neststo predatorsor strategiedo increasereproductive
output by depositingeggsn the nestsof other females(Pienkowski & Evans,1982).Although the
exact causeould not be established in this study, dump nests consistently appeared in the same
area of the island, the zone with the highest nesting scoter density, across all three study years.

Notably, in 2021,when the highesttotal number of eggswasrecordedin dump nests(19 and 26
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eggs)it coincidedwith the largestnumber of active nestseverobservedon the island (Supporting
MaterialsFig. S13).Thesefindings suggesthat high femaledensitiesandlimited availablenesting
sites likely contributed to the occurrence of dump nesting behaviour in the Lake Tabatskuri

Velvet Scoter population.

The behaviour of a female with five hatched ducklings trying to incubate at another nest is
difficult to interpret. One possibleexplanationis that the visual or olfactory cue of an uncovered
clutch, especially one nearing hatch, with eggs starting to pip may have triggered an incubation
response. This behaviour could be an adaptive effort to boost reproductive success by increasing
brood size through dopting additional hatchlings. Brood merging is known to lower predation

risk among waterfowl because larger broods can divide predation risk once on open water.

However, returning to incubate at anothemestwithout her ducklingswould have beerrisky, as
unattended broods are highly vulnerable to predators unless they are already lost. Additionally,
in this casethe residentfemaleeventually drove off the intruding bird, preventing any potential
reproductive benefit. Similar cases where females returior@e to nests within 1630 minutes of
leaving, but without their ducklings, have also been observed at other sites; these likely reflect
brood losses shortly after hatching. Such losses align with high predation pressure on ducklings

during their first day on the water, as confirmed by direct field observations.

This behaviouralpattern may alsoexplainwhy somefemaleswere seencovering unhatchedeggs
with down after leadingtheir broodsawayfrom the nest.This action could be an effort to protect
ther emai ning eggsdé viability, keeping open the

within the same breeding season.

The nesting success of the Velvet Scoter seems influenced by a complex interaction involving
predation pressure, the presence of gajlland human disturbance levels. Human activities on or
nearthe island often caused incubating femalés leave theirnests, sometimes without covering

the eggs, which negatively impacts the nest's thermal conditions, increasing the chances of egg
addlingandembryo mortality. Additionally, disturbanceeventsfrequently flush gullsinto the air
above the island, increasing nest visibility and making predation easier.
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Local awareness and outreach efforts involving community members, protecéeda staff, and
localfishershavelikely helpedreducethe impactof disturbancesConsequently hatching success
increased from 52% in 2019 to 74% in 2021, reaching levels similar to those documented for the
closely related Whitewinged Scoter Kelanitta degland) in North America, where hatching

success ranged from 632% (Brown & Brown, 1981) and 7-89% (Traylor et al., 2004).

At Lake Tabatskuri, Armenian Gulls are the main predators of Velvet Scoter eggs and small
ducklings (N. Paposhvili,pers.obs.).While their predation cansignificantly reducereproductive
output, the presence of gull colonies may also deter Marsh Harriers, which can prey on adult
females. Gulls typically consume eggs and ducklings during periods when female ducks are
distracted byhuman disturbance, yet many females successfully defend their nests from gull
attacks. Conversely, Marsh Harriers have been observed killing incubating females, but only in
areaswithout nearbygulls. Therefore,Armenian Gulls may play a paradoxicalbut beneficialrole

by helping reduce adult mortality through territorial exclusion of raptors. Since the death of
breeding females has a much greater impact on population dynamics than the loss of eggs or
ducklings, maintaining a balanced gull population mighbe crucial for sustaining scoter

recruitment.

Human disturbance demands ongoing management, and gull populations should be regulated to
mini mize their direct predation on scoter ne
protection against raptors.Preserving and improving current habitat conditions at Lake
Tabatskuri (Paposhvili et al., 2023) is essential to enhance duckling survival, which remains low
(Paposhvili, 2021). Conservation efforts should include strict regulation of human access to and
aroundthe island, consistentenforcementof fishing and boating restrictions acrosshe northern

lake sector, sustainable lake water management for irrigation, pollution control, and habitat
preservation. Collectively, these actiorare vital to ensure tle longterm survivalofther e gi on o6 s

small and isolated Velvet Scoter population.
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Chapter4. Contraction of range,declinesin abundanceand site-basedhreatsto

Velvet ScoterMelanitta fuscabreeding in the Caucasus

Over the past twentyyears, significant declines have been observed in several sea duck species,
including the Velvet Scoter Melanitta fuscg (Kilpi et al., 2015; Skov et al., 2011). In line with

this worldwide trend, the Caucasiarpopulation hasexperiencedaseverereduction, bringing this

small, isolated group close to extinction. Over the last 60 years, the population has decreased
rapidly, and its breeding range has shrunk to just one known site in Georgia (Keller et al., 2020;

Paposhvili, 2018; Wetlands International, ZD).

Historical dataon breedingabundanceand distribution in the Caucasusemainslimited, making

it harder to determine the specific causes of decline. Nonetheless, recent studies show that
hunting, egg collection, accidental bycatch in fishing netgredation, and habitat degradation
have collectively decreased juvenile and adult survival rates and reduced reproductive success,
speedingupthep o p u | aeécline(Rapashvili,2021).Additionally, climate changeisviewed as

a major and ongoing threato the species, both now and in the near future (Drever et al., 2011).

The main goal of the study is to evaluate both historical and recent threats that have caused the
Velvet Scoterpopulation in the Caucasus tdecline over the last sixtyyears, and tanalyse their
combined effects on thespecies' viability. Anothergoal is to assess whether abandoned breeding
sitescanbe restoredto a healthy ecologicalstatethat supportsrecolonization by the speciesThis
evaluation offersa scientific foundationfor considering futurereintroduction efforts in the region,

based on recent research and conservation experience.

Reintroduction can only succeed if the main causes of local extinction are identified, measured,
and addressed. Therefore, it is crucial tonderstand both the historical and current reasons for
population decline at previously occupied sites to guide recovery efforts that are essential to
prevent regional extinction. In conservation biology, understanding how past and present

pressures combines key to creating effective longerm strategies. By focusing on these factors,
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this study aims to develop evidenebased conservation actions to stop further decline and help
restore this unique and ecologically important sea duck to itsfner numbers and range in the

Caucasus.

Methods

Geographicabkcopeof the study

The Caucasus Ecoregion, covering about 586,800 kmz2, stretches across various landscapes in
Armenia, Azerbaijan, Georgia, the northern Caucasus, northeastern Turkiye, aodhwestern

Iran. Recognized for its high levels of endemism and species diversity, it is designated as one of
the worl dos maj or bi odiversity hot spots (Zaz
historical and current breedingsitesof the Velvet Scoterin Georgia,Armenia, andthe Caucasian

part of Turkiye, where the speciedasbred in recenttimes. Site selectionwasbasedon historical
recordsandthe known breedingrangeof the speciesA summaryof the lakesstudied,alongwith

their key habitatfeatures,js shownin Tablel. During fieldwork, water transparencywasassessed,

and trophic status was qualitatively evaluated using ecological indicators like the condition and

presence of submerged aquatic plants.

In total, thirteen former breeding sites were revisited: six in Georgia, four in Turkiye, one
transboundary lake shared by both countries, and two in Armenia (Fig. 1). Areas within the
Caucasus regions of Russia and Iran, as well as Azerbaijan, were excluded because there is no

record of Velvet Scoter breeding activity.

Compiling historical data

Historical datawere compiledfrom literature sourcegdating backto 1896through keyword-based
searchesisingterms suchasVelvet Scoter,Melanitta fusca Caucasus/Caucasiarmenia, Georgia,

Russiaand Turkiye. Searchesvere conducted across range of books andacademic databases,
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including Google Scholar and national repositories, in five languages: English, Armenian,
Georgian,Russianand Turkish. These sourcewere complemented byobservational datalrawn
from the two most widely used regional citizen science ornithological databasesBird (2024)
and Observation.org (2024), as well as the Turkish wbhsed ornithon photographic platform

TRAKUS (2024

The data cdection covered the territories of three countries and were consolidated into a
comprehensivesummarytable (Table 1). Historical breedingrecordswere classifiedaccordingto

the highest of the sixteen breeding behaviour codes proposed by Keller et 8202, grouped as
follows: i A(0odesl-2;possiblebreeding),ii B(6odes3-9; probablebreeding),andfi C(éodeslO-

16; confirmed breeding). Category C16 sites represented locations where nests were found and

young were either seen or heard.

Table 1.Summary table of the habitat characteristics of the study sites (TR = Turkiye; AM =

Armenia; GE = Georgia).

#Site SiteName | Coordinates| Altitude | Surface| Average | Number
(Country) (m) Area depth of Islets
(km2) (max.
depth)
(m)
1 ¢cel@®r| 41A30 1963 | 123 | 30(42.00) 4
43A15
2 Ak t(8R)/ | 41°13'N, | 1800 | 14.00 | 0.7(1.0) 12
Kartsakhi 43°14'E (TR)
(GE) 13.00
(GE)
3 Ay g(€ER) 40°45'N, 2131 3,7 ?(30.00) 0
43°00'E
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4 B a | (ERK 39°45'N, | 2254 34 7.00 2
43°34'E (37.00)
5 Nemrut 38°37'N, 2252 34 100.00 2
Caldera(TR) | 42°13E (155.00)
6 Arpi (AM) 41A03| 2025 20 | 4.2(8.00) 2
43A37
7 Sevan(AM) 40A19 1900 | 1242 26.00 1
45A21 (79.00)
8 Khanchali 41°15'N, 1931 6,9 0.5(1.00) 0
(GE) 43°33E
9 Bughdasheni| 41°12'N, 2045 0,4 0.8(1.50) 1
(GE) 43°41'E
10 Madatapa 41°11'N, 2112 8,78 | 0.7(1.70) 2
(GE) 43°4T'E
11 Saghamo 41°18'N, 1999 4.8 1.60 1
(GE) 43°44'E (2.20)
12 Paravani 41°26'N, 2079 37,5 2.20 4
(GE) 43°48'E (3.30)
13 Tabatskuri 41A39| 1993 14,2 15.00 3
(GE) 43A38 (45.00)
Tablel continued below
#Site | SiteName Habitat on the Islets Transparency | Trophic state
(Country)
1 ¢ e | (@R r Human-madeWoodland, Transparent | Mesotrophic

grassland, shrubs, rocky,

stony, ancientruins




2 Ak t (B8R | Scatteredreesandshrubs, Turbid Eutrophic
/ Kartsakhi | stony, rocky, grassland
(GE)

3 Ay g(€R) | Noisland Transparent | Mesotrophic

4 B a |(BRk | rocky, stony,grassland Transparent | Oligotrophic

5 Nemrut Rocky,stony,woodland, Transparent | Oligotrophic
Caldera shrubs
(TR)

6 Arpi (AM) | grasslandshrubs,stony Turbid Oligotrophic

7 Sevan grasslandshrubs,stony Transparent | Oligotrophic
(AM)

8 Khanchali | Noisland Severealgal Eutrophic
(GE) growth

9 Bughdashe | Grassiwo half-dried small Turbid Mesotrophic
ni (GE) trees

10 Madatapa | Thefirst, largeislandisgrassy;| Severealgal Eutrophic
(GE) the seconds stony growth

11 Saghamo | Grassythree or four small Turbid Mesotrophic
(GE) trees

12 Paravani All four islandsare grassywith Turbid Mesotrophic
(GE) afew shrubs

13 Tabatskuri | Thefirst, largeislandisgrassy, | Transparent | Oligotrophic
(GE) with shrubs and trees; the

second is grassy and the third

oneis stony
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Figure 1. Historical and current breedingsitesfor Velvet Scoterdn the Caucasusndthe location

of the Caucasus Ecoregion. Site codes (numbers) are listed in Table 1.

Current breedingsurvey

Current breeding surveys were conducted at both historically occupied and the last remaining
active breeding sites ofthe Velvet Scoter. Field observations followed the point count
methodology described by Bibby et al. (2000). Surveys took place in Georgia between 2017 and
2023, in Turkiye during 20162018 and 20242023, and in Armenia from 2013 to 2024. When
multiple breedingrelated behaviours were observed at a site, the highest applicable breeding
codebased on the sixteen standardized categories defined by Keller et al. (2020) was assigned to

indicate the species’ definitive breeding status at that location.

Threatsanalysis

Threats to the Velvet Scoter and its breeding habitats, along with the related stresses caused by

thesethreats,wereidentified through direct observationgmadeduring visits to all targetsitesand
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by reviewing the literature listed in Table2. The classificationof threatsfollowed the IUCNi CMP
Unified Classification of Direct Threats (Version 4.0) and Stresses (Version 1.0) (Salafsky et al.,
2024).Theiit hr e at ma tamdkd adgaopgeday the Ministry of Agriculture and Foresty

(2023) for use in Turkiye was employed to assess and prioritize threats.

Eachthreat wasevaluatedbasedon three criteria: (1) Scope- the proportion of the population or
habitat affected;(2) Severity- the extent of impact on the speciesor its habitat; and (3) Urgency

- the urgency of implementing mitigation measures. Threats were ranked individually for each
criterion acrossll study areascollectively, with no distinction betweencountries.Eachcriterion
was scored on a numerical scale frobto 16, where 1 indicated the broadest or most significant
impact and 16 the narrowest or least impact. This scale reflected the total number of identified
threats. The same scoring method was applied independently for each criterion, with the three
scoresthen summedto determinean overall ranking. The threat with the lowestcombinedscore

was identified as the most critical.

Based on the cumul ative i mpact l evel s, t hr ea
Amedi um, 0 or il ow. theseTchtegoriéshwere sidteomindds thrdugh rexpert
consensus, supported by extensive field experience in the region. Finally, the connections
between identified threats and their resulting stresses on Velvet Scoters were illustrated using a

problemtreediag am created to represent the speciesbd

Results

Historical and current breedingdistributions

During the surveys, no Velvet Scoters were observed in Turkiye (2€2@23) or Armenia (2013
2024). The only confirmed beeding site was at Lake Tabatskuri, Georgia, with an estimated 45
50breedingpairs.This siteis the lastremaining breedinglocation for the CaucasiarVelvet Scoter

population, confined to the largestof the three isletsin the lake. Of the thirteen sitespreviously
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associateavith the speciessevenwere confirmed asformer breedingareaswhile the otherswere
identified as either historical locations used during preor postnuptial migration or as

unconfirmed breeding sites (Table 2)

Table 2. Overview of historical and current data. ? = lack of data. Breeding codes indicate the
increasing probability of birds breeding, based on the European Breeding Bird Atlas 2 categories
(Keller et al. 2020): A1 = species observed during the laieg season irpossible nesting habitat;

B3 = pair observed during the breeding season in possible nesting habitat; B4 = territorial
behaviour;C12=recently fledgedor downy young observedC13=adultsentering or leavingthe

nest site; C15 = nesontaining eggs; and C16 = nests with young seen or heard.

#Site Site Name Statusof the Yearof
(Country Code) site Max Latest Latestbreeding
counts observation attempt
(Year)
1 |(¢cel@R®r Unconfirmed 14 (2005) 2005 ?
breeding
2 |Akt@R/ Former 725(1980) 2005 1980

Kartsakhi(GE) breeding

3 |Ay g(€R) Unconfirmed 32(2001) 2008 1967
breeding

4 | Bal(Rk Former 18(1967) 2008 1985
breeding

5 | Nemrut Caldera Former 21(1967) 1992 1998
(TR) breeding

6 | Arpi (AM) Unconfirmed 1998 1969
breeding
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7 | Sevan(AM) Former 50(1968) 1969 2004
breeding

8 | Khanchali(GE) Former ? 2004 ?
breeding

9 | Bughdashen(GE) | Unconfirmed ? 2nd half of ?
breeding 20th century

10 | MadatapaGE) Unconfirmed ? 2nd half of ?
breeding 20th century

11 | SaghamdGE) Unconfirmed 21(2002) 2004 ?
breeding

12 | Paravani(GE) Unconfirmed ? 2nd half of ?
breeding 20th century

13 | Tabatskuri(GE) Current 106(2023) 2023 2024
breeding

Table2 continued below
#Site SiteName Number Max Max number | Breeding | References
(Country) Number
of pairs | of d -a | ofducklings | Behaviour
Code
1 [¢cel@rmr ? ? ? Al 1,2
2 |Akt(@R/ 20i 50 ? ? C12 1,3,4-8
Kartsakhi(GE)

3 |Ay g(ER) ? ? Al 1,2,6

4 |Bal(®Rk 3 3q 15 C12 1,2,9

5 | Nemrut Caldera 3-5 5-5 18 Ci12 1,29

(TR)
6 | Arpi (AM) 0-1 2-1 0 B4 10
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7 | Sevan(AM) ? ? ? C15 11, 12,13
8 | Khanchali(GE) 10-20 ? 1 C12 4,5, 1415
9 | Bughdasheni ? ? ? B3 4,5
(GE)

10 | MadatapaGE) ? ? ? B3 4,5,16
11 | SaghamdGE) 4 5-4 ? C13 4,5,1517
12 | Paravani(GE) ? ? ? B3 4,5

13 | Tabatskuri(GE) 45-50 56-50 39 C16 18, 19,20

Referencesi =Kirwan etal.,2008;2 =eBird, 2024,3 = BirdLife International, 2020;4 = Janashuvili
et al., 1960;5 = Kutubidze, 1985;6 = TRAKUS,2024;7 = van der Ven & Gheyselinck,1982;8 =
Magnin & Yarar,1997;9 = Vielliard, 1968;10 = Adamian & Klem, 1999;11 = Lyayster& Sosnin,
1942;12 = Dahl, 1954;13 = Margaryan, 1975;14 = |. Matcharashvili, pers. obs; 15 = BirdLife
International, 2020; 16 = Matcharashvili et al., 2004; 17 = G. Darchiashvili, pers. obs.; 18 =
Paposhvili,2018;19 = Paposhvili,2021;20 = Paposhviliet al., 2023.

Analysis of breeding codes assigned to each surveyed site revealed the following: two sites were
classified as possible breedifgode Al), four sites as probable breeding (codes B3 and B4), and
sevensitesasconfirmed breeding(codesC12,C13,C15,andC16)(Table2). The highestestimated
numbers of breeding pairs were recorded at
Tabaskuri (Georgia), each supporting up to 50 pairs. Based on historical information, the
maximum estimated regional population of the Velvet Scoter in the Caucasus was likely fewer

than 150 breeding pairs from 1942 to 2025.

Historical recordsshowthat the earliestdocumentedbreedingoccurrenceof the Velvet Scoterin

the Caucasudatesbackto 1896,originating from observationsat Lake Tabatskuri(Satunin,1907).

In Turkiye, the most recent record of a Velvet Scoter during the breeding season was in 2008,
when a male was sighted at Lake Aygér, whil e
Nemrut Calderain 1998(Table2).In Armenia, the mostrecentbreedingattemptwasdocumented
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in 2004 at Lake Sevanyhere two males displayedetrritorial behaviour. After the rediscoveryof
breeding Velvet Scoters at Lake Tabatskuri, Georgia, in 2014 (Toriashvili, 2023), the species was

considered extirpated as a breeding bird from the rest of the Caucasus region.

Classificationandanalysisof threats

A total of eighteen direct threats to the Velvet Scoter and its breeding habitats were identified
(Table3), resultingin six distinct categorief associatedtresqFig. 2). The spatialdistribution of
threatsvariedamongcountries,with sixteen recordedin Georgiathirteen in Tarkiye, andtwelve

in Armenia; ten of these threats were common to all three. The most frequently documented
threatsacrosssitesincluded native speciesnteractions (n = 13),recreationalactivity (n =12),and

hunting and egg collection (n = 11). Among the surveyed sites, Lakes Paravani and Tabatskuri
exhibited the highest number of identified th
were subjectto the fewest(n =3 each).Thethreatscategorisedsviral diseaseandclimate change

were considered norsite-specific in nature.

Grazingandranching. In Turkiye and Armenia, cattle grazingon breedingislandshascontributed
to habitat degradation resulting in trampling of vegetationand the destructionof nestsand eggs.
On Lake ¢él dér, both cattle and horses were o
Aktak/ Kartsakhi Lake were also subject to gr
following the establishmentof a Turkish military border postandthe designationof the areaasa
protectedzonefor breedingcoloniesof the Dalmatian Pelican(Pelecanusrispug andthe Great

White Pelican (Pelecanus onocrotalys

Hunting andeggcollection. lllegal hunting of waterfowl remainsadocumentedthreat at breeding
sites in both T¢rkiye and Georgi a. At Amnsark e Ak
ansej and Mallard (Anasplatyrhynchos) were historically gatheredfor human consumption,and

Greylag Goose eggs were also used ifarubation with domestic geese. It is highly likely that

Velvet Scoter eggs were accidentally or intentionally taken during these activities. The
implementation of accessestrictionsand enhancedprotection measurestLakeAk t ak / Kar t s ¢
has since redued this threat, and it is no longer considered an active issue at this location. Such
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practices directly cause adult mortality and decrease overall reproductive success by leading to
the lossof eggsand disturbanceof nestingfemales At Lake Tabatskuri,eggcollection wasoncea
major threat; however, this problem has now been largely addressed thanks to targeted

conservation efforts and the active cooperation of local communities.

Table3. Threat categoriegecordedfor eachof the study sites.
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Dams

Native species

interactions

Invasivenon-

native species

Sewage

Nutrient loads

Herbicides&

pesticides

Garbage& solid

waste

Agricultural

disturbance

Drought

*Viral diseases *Sinceboth areconsideredhypothetical for the entire geographicakcopethey were

*Climatechange | classifiedasnon-site specific.

Cutting and collecting terrestrial plantsVegetation on several breeding islands was previously

cut and baled for livestock fodder. During this process, incubating females were occasionally
killed, and vegetation removal caused irreversible habitat degradation for the duration of the
breedingseasn. Thi s activity, once recorded at Lak:e
threat at that site due to the enforcement of access restrictions, which have also eliminated egg

collection activities.

Fishing. Fishing activities, including boat operatins and associated human presence, create
significantdisturbanceduring the breedingseasonAt Lake Tabatskuri,suchdisturbancehasbeen
particularly problematic, frequently separating broods from attending females and thereby
increasingthe vulnerability of smallducklingsto predation by Armenian Gulls (Larusarmenicus.

In addition, as a diving species, the Velvet Scoter is highly susceptible to entanglement and
accidentalcapturein setgillnets aswell asin lostor abandonedi g h metstrasultingin drowning

andphysicalinjury (Fig.3).
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Recreational activitiesHuman presence on breeding islands disrupts incubating females, often
resulting in nest abandonment and increasing the risk of eggs being accidentally trampled. Off
road vehcle use, motorboat traffic, and uncontrolled tourist activity further exacerbate
disturbanceduring critical breedingperiods.Suchdisturbancesnterrupt incubation, feeding,and
brood-rearingbehaviour,consequentlyexposingboth eggsandducklingsto heightenedpredation

risk.

Scientific research.Research activities have been conducted exclusively at breeding lakes in
Georgia. Factors such as the duration of field visits, the size of research teams, and the methods
used can temporarily disturb nestindpirds. However, researchers consistently apply mitigation
measures$o reducesuchimpacts,including coveringeggswith down andcamouflagingnestsafter

each visit. Based on the number of nests recorded and the counts of Velvet Scoter ducklings in
recent surveys, there is no evidence suggesting that research activities have any significant

negative effects on the species.

Abstraction of surfacewater. Excessivextraction of surfacewater for domestic,agricultural, and
industrial purposes has changduydrological regimes in several Armenian wetlands, leading to
substantial declines inwater levels. A notable example occurred at Lake Sevan during the 1970s,
when lowered water levels turned the former breeding island into a peninsula accessible to land
predators(Table4). Thisimpactwasfurther worsenedby the developmentof ahistoric monastery

complex on the former island for tourism, greatly increasing disturbance.

Dams.The construction of adamat the end of the 20th century divided LakeKhanchaliinto two
basins. One basin has mostly dried out since then and is now used by local residents for grazing.
Beforethe damwashbuilt, the lake coveredabout13.1km?; now, its surfaceareahasdecreasedo
6.9km?, leadingto major changesn the local ecosystenandlossof suitablebreedinghabitatsfor

waterfowl.
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Figure 2. Threatanalysisof the declining Velvet Scoterbreedingpopulationin the Caucasus.
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Figure 3. Two juveniles entangledin a fishing net at Lake Tabatskuriin August 2021, by H.

Muradyan.

Table4. Native predatorsandtheir effectson Velvet ScotersEvidencecodesd = documentedby

cameras; do = direct observation; p = potential predator).

Predator Location Egg | Duckling | Adult Nesting Level of
competition | evidence

Dalmatian Akt ak/ Kg - + + + p
pelican
Pelecanus
crispus
White pelican Aktak/ Kg - + + + p
Pelecanus
onocrotalus
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Armenian Gull All + + + + d &do
Larusarmenicus | lakes(except

Aygér)
Marsh Harrier All lakes + + + + d&do
Circus
aeruginosus
Northern Sevan& Arpi - + + - do
Goshawk
Accipiter gentilis
Brown Rat ¢céel der ¢ + + - - p
Rattus Nemrut Caldera
norvegicus
LeastWeasel Sevan + + - - do
Mustelanivalis
EurasianOtter Tabatskuri& + + - - p
Lutralutra cel der
Caucasian Madatapa + + - - p
Badger
Melescanesens
RedFox Madatapa, + + - - do
Vulpesvulpes Sevan& Arpi
Brown Bear Nemrut Caldera| + - - - p
Ursusarctos

Native species interactionsA total of six mammal and five bird species welidentified as
confirmed (n = 5) or potential (n = 6) predators of the Velvet Scoter across the study area (Table
4), asillustrated in the SupportingMaterials(Fig. S1).At LakeTabatskuri,Armenian Gulls (Larus

armenicug breedand competewith Velvet Scoterdor nestingsites,while alsopreying on their
62



eggs and ducklings. Marsh Harrier€{rcus aeruginosyswere observed at all lakes included in
the study; however, Armenian Gulls were the most frequently observed predator at Lake
Tabaskuri, the only sitewith ongoingand systematicallymonitored Velvet Scoterbreeding(Fig.

4). Although nest predation contributed to a smaller portion of overall reproductive losses
(estimated at 1525%), observations indicated that 635% of hatchlingsthat entered the water
diedwithin their first daydueto gull predation(N. Paposhvili,pers.obs.).Basedn thesefindings,

it is likely that similar predation levels occurred historically at other breeding lakes in the

Caucasus where large Armenigaull colonies exist.

A

Figure 4. An Armenian Gull that has preyed on a duckling, by a Camera trap installed by N.

Paposhvili.

Invasivenon-native speciesSeverainvasiveaquaticspeciesvere identified acrosghe study area,
including Crucian Carp Carassius gibeljoand Danube CrayfishRontastacus leptodactyljsn
LakesAy gé e |, Akt a kK / K andTabaskuh,aswell asLeastCisco(Coregonusalbuld) in

Lake Tabatskuri. These specieare believedto contribute to ecosystem degradatiohy dtering
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ecological processes, disrupting native trophic dynamics, and changing the physicochemical
properties and transparency of the water. The Black R&attus rattug was the only invasive

terrestrial nest predator of grounehesting spe@s recorded at breeding sites in Turkiye.

SewageWastewater discharge was documented at four wetlands within the study region. The
influx of pollutantsfrom thesedischargesncreasesutrient availability, leadingto eutrophication
and ecosystendegradation which may negatively affectfood resourcesand the overall health of
Velvet Scoter populations. However, because there is limited information about the amount and
frequency of these discharges, it is difficult to fully evaluate their lortgrm effects on water

quality and prey availability for the species.

Nutrient loads. Besides direct sewage input, nutrient enrichment from agricultural fertilizer
runoff and livestock manure was observed at multiple wetlands. This excess nutrient input
encourgyeseutrophication, resultingin habitat degradationandalossof ecologicalbalance which

can harm aquatic productivity and water quality.

Herbicidesand pesticidesMost wetlandsin the study areaare borderedby farmland, where the
widespreaduseof herbicidesand pesticidescauseshemicalrunoff into nearbyecosystemsThese
pollutants, which can also seemto groundwaterfeedinginto lakes,leadto habitat deterioration
and declines in populations of sensitive aquatic invertebrates. The decreas@nvertebrate

numbers reduces an important food source for the Velvet Scoter and other waterfowl species.

Garbage and solid wastdollution from garbage and solid waste deposited in lakes and on
breeding islands poses serious risks to Velvet Scotersugtoboth direct injury and mortality.
Di scarded materials can entangle the bifoodds 6

waste items mistaken for prey may result in internal injuries or toxic effects.

Agricultural disturbance Agricultural macinery and farming activities, particularly around Lake
Tabatskuri, can disturb breeding Velvet Scoters. Newly hatched ducklings depend on shallow,
crustacearnrich shoreline habitats for feeding, and disturbance near these critical foraging areas

canhinder effective feeding behaviour and reduce overall breeding success.
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Drought. Extended periods of drought, exceeding natural variation, contribute to ecosystem
degradation by lowering water levels and diminishing the availability of breedj and feeding
habitats. A historical example occurred at Lake Sevan, where excessive water abstraction caused
the loss of suitable habitats for Velvet Scoter reproduction and foraging. Similar impacts may
occurat other sitesunder increasinglyarid climatic conditions; however,aslong asthesehabitats

do not completely desiccate, the overall impact may remain limited.

Viral diseasesOutbreaks of highly pathogenic avian influenza (H5N1) have been documented
globally in the Velvet ScoterandrelatedspedessuchasSt e j n Scoter(Mdasitta stejneger)
(Melville & Shortridge, 2006). Although no mortality attributable to avian influenza has been

reported within the Caucasus region, the virus remains a potential risk factor floe population.

Climate dange.Reduced snow accumulation and shorter snesover duration compared to
historical conditions alter meltwater inflows to lakes, thereby changing their physicochemical
properties. Climate change may also disrupt trophic relationships within aquatic ggstems,
reducing prey availability and threatening longerm population stability. Consequently, it is

regarded as an emerging but significant potential risk for the Velvet Scoter in the Caucasus.

Threatranking. Assessmentf the sixteen identifiedthreatsto the Velvet Scoterandits habitats

in the Caucasusegion classifiedfour ascritical, three ashigh, four asmedium, andfive aslow in
overallimpact(Table5). The mostsignificantthreat, interactionswith native speciegparticularly
predation), received the lowest cumulative rank score and was recorded at all thirteen surveyed
sites. Other critical threats included fishing (documented at eight sites), hunting and egg
collection (eleven sites), and recreational disturbance (twelve sjtqTable 3). The potential
impactsof climate changecould not befully quantified, andevidencefor viral diseasewvithin the
region remains insufficient; thus, these two threats were excluded from the quantitative threat

ranking analysis.
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Table 5. Ranking of threats to Caucasus Velvet Scoter population. Red = critical; orange = high;

yellow = medium, green = low, determined by a combination of raw score calculated for each

threat and the authorsd knowledge of the
Threats Scope Severity | Urgency | Raw Ranking
score score

Grazing& ranching 12 5 8 25 6
Hunting & collecting eggs 3 1 4 8

Cutting & collecting 16 6 6 28

terrestrial plants 1
Fishing 8 4 3 15
Recreationalactivities 2 3 2 7
Scientificresearch 14 15 15 44

Abstraction of surfacewater 9 13 13 35 12
Dams 15 16 16 47 16
Native speciesnteractions 1 2 1 4
Invasivenon-native species 11 8 7 26 7
Sewage 13 12 10 35 13
Nutrient loads 4 11 12 27 9
Herbicides& pesticides 5 10 11 26 8
GarbageX solid waste 6 7 5 18 5
Agricultural disturbance 10 9 9 28 10
Drought 7 14 14 35 14
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Discussion

The analysis of recent field surveys, direct observations, and published sources confirms that the
small, isolated Caucasiapopulation of the Velvet Scoter has experienced a significant decline

from approximately150nestingpairsacrosghirteen presumedbreedingsitesin the mid-1960sto

about fifty pairs remaining at a single lake in Georgia, where the population persistgety due

to intensive conservationefforts. Although thirteen lakeswithin the Caucasusvere identified as

potential breeding sites based on literature and observational records (Adamian & Klem, 1999;
Dahl, 1954;Ekenet al., 2006;Janashviliet al., 1960;Kirwan et al.,2008;Kutubidze, 1985;Lyaister

& Sosnin, 1942; Magnin & Yarar, 1997; Matcharashvili et al., 2004; Paposhvili, 2018, 2021; van

der Ven & Gheyselinck, 1982; Vielliard, 1968; Yarar, 1995), subsequent verification confirmed
breeding activ t y at only seven of these sites in re

Nemrut Caldera, Sevan, Khanchali, Saghamo, and Tabatskuri.

Historical accounts indicate that the breeding distribution of the species in Georgia formerly
included Lakes Saghamo Par avani , Khanchal i, Bughdasheni
Tabatskuri on the Javakheti Plateau during the second half of the twentieth century
(Gavashelishvili2005;Kutubidze, 1985;Matcharashviliet al.,2004) .Breedingpairswerereported

at LakesKhanchali, Bughdasheniand Madatapaasrecently asthe early 2000s(Matcharashvili et

al., 2004), with estimated numbers of 1P0 pairs at Lake Khanchali and smaller numbers at the
other two. However, no direct evidence of nesting was obtained either Bughdasheni or
Madatapaandthesesitesaretherefore regardedasunconfirmed breedinglocations.By the early
2010sthe Velvet Scoterwaspresumedo be extirpatedfrom Georgiauntil its rediscoveryin 2014

at Lake Tabatskuri (Toriashvili, 2023)Currently, Lake Tabatskuri stands as the only active
breeding site for the species in Georgia and the entire Caucasus region (Paposhvili, 2018, 2021;

Paposhvili et al., 2023).

In Turkiye, the breedingactivity of the Velvet Scoterhasbeenreportedatfive alpinelakesA k t a k ,
¢cel der, Aygeéer, Bal ék, and Nemrut Caldera | oca
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al ., 2025; Eken et al ., 2006 ; Kirwan et ial.,
Georgia border, all knownbr eedi ng i sl ands are on the TurKki
identified asapotential breedingsite by Ekenetal. (2006),no definitive evidenceof Velvet Scoter
breedingbehaviourhasbeenobservedthere. The lake likely servedonly asastopoversite before
or after breeding,providing arestingand foragingareaprior to dispersingelsewhere.The lack of

i slands at Lake Aygér further supports the id:

Despitethis, observationsof ducklings at Lake Khanchdi (G. Darchiashvili, pers.obs.),where no
islands are present, suggest that some breeding may have occurred within rocky shoreline
vegetation. Although evidence is limited, such nesting behaviour would be an exceptional case

for the Caucasian population.

Lake¢ & | dbéutllkm from LakeA k t (aconfirmed historical breedingsite),hassmallislands

that seemsuitablefor breeding.However, limited historical observationamakeit hard to confirm

if the lake waseverusedfor this purpose.Other Anatolian wetlands,including EnkayaPondand

Lake Nazik (eBird, 2024), showed no evidence of Velvet Scoter breeding, either historically or
currently, thus they were excluded from the assessment. Overall, the available data suggest that
the Turkish breeding population did not persistinto the 21stcentury (current study; Boylaetal.,
2025).Nonethelessthe Velvet Scoterstill winters regularlyalongT ¢, r k BlackSeaoast(Boyla

et al., 2025; eBird, 2024; Furtun et al., 2021).

In Armenia, confirmed breedinghasonly beenrecordedat Lake Sevanwith unconfirmed reports

from Lake Arpi (Adamian & Klem, 1999). As in Turkiye, the Armenian breeding population
appeardo havedisappearedy the early 2000s.The population atLake Sevanprobably vanished
during the 1970s after water levels dropped by 19 meters (Vardanian, 2009), causing various
ecologicaldisturbancesThe reducedwater level likely lowered oxygenlevelsin partsof the lake,
impacting zooplankton populations, while also allowing terresai predators to access nesting
areaghat were onceinsular. Additionally, exposingthe former breedingisland madeit easierfor
touriststo accesshe SevanavaniMonastery,increasingdisturbancepressuresThe Velvet Scoter

population at Lake Arpi alsaisappeared in the late 20th century.
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Although multiple sources have documented the extremely small size of the Velvet Scoter
populationin the Caucasuandits rapid regionaldecline (BirdLife International, 2020;Paposhuvili,

2018, 2021), tk underlying causes of this decline have not been thoroughly assessed across the
entire region before. This study aimed thill that gap by identifying the main factorsdriving the
Sspeciesd0 decline and suggesti ng spdensified dixteen mi t
specificdirect threatsto the Velvet Scoterandits breedinghabitatsacrossvarioussitesthroughout

the Caucasus, both historically and currently. Some of these threats are supported by direct field
evidence,while othersremain inferred or hypothetical. Among these,four threats, native species
interactions, recreationalactivities, hunting and eggcollection, andfishing were deemedcritical,

putting significant pressure on the population.

It is important to note that the apparat ranking of these threats may be influenced by
methodologicallimitations, asthe impactof specificpressurevariesgreatly dependingon the site.

For example the sharpreduction of water levelsat Lake Sevan Armenia, clearly playedarole in

the local extinction of the species there. In contrast, a recent 1 metieop in water level at Lake
Tabatskuriduring 20222023createdsmalltemporaryislandsthat offered additional nestingsites,

with one ortwo Velvet Scoterpairssuccessfullypreeding duing thoseyears.When water levels
roseagainin 2024 ,thesenewly formed islandsbecameunsuitablefor nesting(N. Paposhvili,pers.
obs.). These examples highlight how ecological pressures can depend heavily on the specific

context.

All confirmed and potential predatorsof the Velvet Scoterarelisted in Table4, but the Armenian

Gull appears to be the most influential. This species typically breeds in dense colonies 2300
nests) on lake islands, leading to direct competition for nesting habitat kviWelvet Scoters and
exerting significant predation pressure on unattended eggs and hatchlings, which ultimately
reducesreproductive succesgKiknavelidzeet al., 2024).However, nestinggulls may alsoprovide
indirect protection for incubating females bydeterring attacks from Marsh Harriers, which not
only prey on eggs but are also known to kill incubating females (Paposhvili, 2021; Paposhvili et

al., 2023).
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Losing an adult female to predation has a much greater demographic impact thamdpsggs or
ducklings,asthe latter naturally facehigh mortality ratesandlow first-winter survival. Therefore,
completely removing Armenian Gulls might not solve the problem of predation. A balanced
management approach might be better, maintaining gulumbers at levels that reduce direct
predationwhile still providing the protectivei u mb reef | f | #emirtcaloniesoffer againstraptor
attacks. |l tds also worth noting that th-é&5 popu
timessmallerin the 1980sand 1990sthan it istoday, both at Lake Tabatskuriand acrosssouthern

Georgia (A. Abuladze, pers. obs).

Fisheriesoperationshavemultiple negativeimpactson the breedingecologyof the Velvet Scoter.
Mortality and injury can occur due to entaglement in static or lost fishing nets, while active
fishing from boats causes recurrent disturbance to nesting and breedring behaviour. For
instance, frequent passage of fishing boats can disperse broods, leaving females unable to
adequately protectheir ducklings from aerial predators like Armenian Gulls (Larus armenicus).
Although such disturbances are unintentional, they nevertheless impose significant negative
impacts on breeding success. At Lake Tabatskuri, landing by fishers and the collectfcgggs
from islands have been substantially reduced through sustained local conservation initiatives;
however, mortality associated with bycatch remains a persistent threat (Paposhvili, 2021).
Recreational activities on the islands during the breeding sea have also dropped notably
alongsidefishing-related disturbancesthanksto effective community involvement. Nonetheless,
both threats still pose risks due to limited enforcement of existing protective measures.
Establishing nefishing and ncrecreatianal-boating zones within the lake, enforcing seasonal
restrictionson boatmovementduring the Velvet S ¢ o tbesedihgperiod, and strictly regulating

these measures are crucial for the lotgrm conservation of the species at Lake Tabatskuri.

Between thelate twentieth and early twenty-first centuries, the freshwater crustacean Danube
Crayfish (Pontastacus leptodactylyisand the fish species Crucian Carérassius gibeljowere
introduced into several former and current breeding sites of the Velvet Saptacluding Lakes

Aygeége| A&t ak/ KaandTabatkkbrii Quring the sameperiod, another non-native
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species, the Least CiscaC@regonus albulg was introduced into Lake Tabatskuri. These
introduced aquatic species are likely tionpact the Velvet Scoter population in two main ways:
competingfor food resourcesand degradingwater quality. Their feedingand burrowing activities
increase water turbidity, damage submerged plant communities, and raise nitrogen and
phosphorus levels, wich together promote eutrophication and poorer water quality. These
changescannegativelyaffectthe distribution and number of macroinvertebrates importanfood

sources for the Velvet Scoter (e.g., Nummi et al., 2016; Macdddga et al., 2017).

The introduction of thesespeciesnight alsohavehadindirect benefits,asadult Velvet Scotersat

Lake Tabatskuri have been seen feeding on crayfish and other prey (N. Paposhvili, pers. obs.).
However, because detailed ecological data are lacking, thesa-native species should be
regarded as potential competitors, as they might eat amphipo@sihmarussp.), which are vital
for ducklingsdéd diet (N. Papos hvi-eéating birdsdikeshe o
GreatWhite Pelican(Pelecanuonocrotalug, DalmatianPelican(Pelecanusrispug, and Great
Cormorant(Phalacrocoraxcarbo all of which haverecently colonizedsomeof theselakesseems

to be reducing the populations of the introduced species. Additionally, fishing activities further

help control or limit these nonnative fish and crayfish populations.

The extentto which non-native fish and crayfishcompetewith Velvet Scoterdor food resources
remains complex and poorly understood. In recent years, for unknown reasons, introduced
crayfish populations have disappeared from Lakes Tabatskuri and Kartsakhi, while fish
populationshavealsodeclined, likely dueto overfishing. Without systematicecologicalresearch
and longterm monitoring, it is impossible to accurately assess the impa€tboth native and
introduced speciesr the cumulative effectsof fisherieson the local abundanceand reproductive
success of Velvet Scoters in the Caucasus.
assessmentd aquaticinvertebrateandvertebratecommunities(their composition,diversity, and
abundancepcrossurrent andformer breedinglakes,aretherefore essential Suchresearchwould
clarify interspecific interactions and might help explain why the Velvet Scoter now persists

exclusiely at Lake Tabatskuri within the entire Caucasus region.
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Field assessments showed that many previously occupied breeding sites displayed signs of water
quality decline and increasing eutrophication. Past research has proven that Vel8ebter
populations decrease as eutrophication worsens (Ronka et al., 2005). Reducing or managing
nutrient inputs, herbicide and pesticide runoff, and excessive water use from agricultural and
pastoral activities, along with controlling pollution from sewag garbage, and solid waste in
nearby rural communities, is vital to prevent further habitat loss and deterioration. However,

achieving this requires ongoing cooperation and involvement from local communities.

Even after the sources of poor water qualityeaddressed, rapid ecosystem recovery should not

be expected, especially in closed inland basins where water turnover is slow and restoration is
inherently complex. Additionally, the ongoing presence of invasive aquatic species continues to
worsen eutrophcation and hinder water quality improvement. In such cases, biomanipulation,

the intentional modification of aquatic food webs to restore ecological balance, should be
considered as part of a comprehensive conservation plan. Several successful exampies fr
T¢rkiye highlight the potenti al effectiveness
Tan, 2008). At the same time, implementing systematic monitoring programs is crucial for
assessing the lonterm success of conservation efforts and guidiadaptive management of the

remaining habitats for the Velvet Scoter.

The findings of this study show that a mix of humanelated pressures and interactions between
species has caused the decline of the Velvet Scoter across the Caucasus, leadings@pjedrance
from all historical breeding sites except Lake Tabatskuri. While all the threats identified likely
played some role, the most significant factors seem to have been native species interactions,
recreational disturbance, hunting, egg collectiorand fishing. Interestingly, several of these
pressures are still active at Lake Tabatskuri, the only location where the species still breeds.
Notably, out of the sixteenmain threatsstudied,LakeTabatskuriis currently impactedby thirteen,

highlighting the complexity of the pressures affecting the species' survival.

This patternindicatesthat the true cause®f local extinctions at other sitesmay involve additional

factors thatcould not be fully evaluateddueto limited data.Suchunmeasuredor hidden drivers
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might have historically had deadly effects on the species or continue to have subtle, overlooked
impacts. Additionally, ongoing threats like poaching and habitat destruction including potential
disturbance or loss of the remaining beding island may gradually weaken the resilience of the

surviving breeding population.

Thorough sitespecific data collection and analysis are essential to identify the ecological and
environmental factors that influence habitat suitability, especially fnesting sites and brood
rearing food sources. These studies will assist in assessing the feasibility of restoring former
breedingsitesto supportrecolonization.lImportantly, any effortsto re-establishthe Velvet Scoter
beyond Lake Tabatskuri mustirst address and eliminate the causes of past local extinctions.
Simultaneously, protecting the remaining population at Lake Tabatskuri should be a top
conservation priority. Ensuring the security of both breeding and wintering habitats is vital to
stabilizing the current population, increasing reproductive success, and potentially allowing

natur al recolonization of former breeding are

Although the Caucasian Velvet Scoter population has often been desctibse isolated from the
main breeding population (Carboneras et al., 2020; Paposhvili, 2021), recent genetic analyses
indicate otherwise. Paposhvili et al. (2023) demonstrated that despite the substantial geographic
distance between the Baltic and Caucasheeeding populations, both are likely to represent
geographically distinctyet geneticallyconnected segments of a singb@nmictic population. Itis
hypothesized that shared wintering grounds in the Black Sea provide opportunities for pairing
between indviduals from the two breeding regions, thereby facilitating gene flow through
migratory exchangebetweenthe Baltic andthe Caucasu$¢Paposhvilietal.,2023).The absenceof

clear genetic differentiation between the Caucasian and Baltic populations suiggaso key
implications: (i) natural recolonization of suitable sites in the Caucasus remains a realistic
possibility, and (ii) reintroduction efforts using birds from genetically similar local stocks would
be biologically appropriate. However, some histically occupied habitats no longer meet the
essentiakcologicalrequirementsof the speciesfor example the lack of suitablebreedingislands

at Lake Sevanpreventsits immediaterestorationasanestingsite. Whether recolonizationoccurs
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naturally or through reintroduction, the central question remains: what ecological and
environmental conditions are necessary to support successful recolonization? Addressing this
requires detailed ecological research aimed at identifying the factors safipg the continued
survival of the species at Lake Tabatskuri. Insights from such studies are crucial for guiding
restoration and management plans at other potential sites in the Caucasus. Given the Velvet
Scoterd6s migratory e c oiheonmntering halltatsd any comsehatioc @ 0 n
reintroduction program must also account for
With limited resources available for conservation across the region, documenting threats and
implementing effective potection measures in the Black Sea wintering areas are critically
important. While bycatch and poaching are recognized as major direct causes of mortality, the
broader impacts of marine ecosystem degradation in the Black Sea are poorly understood and

urgently need investigation to inform future conservation efforts for the Velvet Scoter.

Conclusions

Comprehensive conservation planning is now n
breedingrange ,emphasizingcoordinatedresearchat all current, historical, and potential breeding

sites. Conservation planning should aim to identify the specific factors limiting reestablishment
andto developtargetedmanagemenstrategieshat reducethesethreatsand improve conditions

for natural recolonization or reintroduction. Each site proposed for conservation must be
evaluatedbasedonthes p e cecomgcalneedsespeciallythe presenceof securebreedingislands

and the practicality of managing human disturbance effectively. A major knowledge gap in the
Caucasus remains the | imited understanding of
foragingresourcesResearchn theseareads crucial to guide habitat managementindrestoration
elsewhere, informed by ecological insights from the survihg population at Lake Tabatskuri.
Conservatioreffortsalsoneedto gobeyondthe breedingseasorto include stopoverandwintering

sites, helping to understand the ecological links between Caucasus breeders and Velvet Scoters
overwintering in the Black and Caspian Seas. Since the species is fully migratory, an integrated

full -year-cycle approachs essentialto addressingooth breeding challengesand threats during
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migration and wintering. This comprehensive approach will create a framewoaidr sustaining

and ultimately restoring the Velvet Scoter population in the Caucasus region.

Overall conclusion

The Velvet ScoterMelanitta fuscain the Caucasuss oneof the mostendangeredandecologically

unique partsofthe s p e aylobalsadge.This researchclarifiesthe ecologicalfactors,behavioural
adaptationsand geneticlinks that help this relict population survive at Lake Tabatskuri,Georgia

-the speciesd | ast breeding refuge 1insuvivd reg
depends on a delicate balance between habitat quality, interactions with other species, human
disturbance, and migratory connectivity on a larger scale. This highlights the urgent need for

coordinated ecosystentevel conservation efforts.

Long-term field observations revealed that despite fluctuations in the number of breeding pairs,
the Velvet Scoter population at Lake Tabatskuri has gradually increased since 2017. This growth
aligns with the implementation of direct conservation actions such asmmunity outreach,
protection of nesting islands, and seasonal fishing restrictions. These efforts successfully
eliminated egg collection and minimized human disturbance on the island, leading to higher
nesting density and improved hatching success. Hovweeyreproductive output remains highly
variable and generally low compared to northern populations. The main cause of duckling
mortality is predation by Armenian Gulls [Larus armeniculy whose growing population across
the Javakheti Plateau continues to b& challenge. Marsh HarriersGircus aeruginosusalso
contribute to nest | osses, especially when gu
againstraptorsweakens.This paradoxhighlights the complex,non-linear ecologicalrelationships

that influence the breeding success of the Velvet Scoter in the Caucasus.

Behavioural and nestevel analyses indicate that nesting success is heavily influenced by nest

arrangement,vegetationcover, and predator activity. Typical clutch sizesrangedfrom eight to
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nine eggs, similar to other Palearctic populations while hatching success increased in years with
less gull predation and fewer disturbances. Camera trap observations provided new insights into
female defensive behaviour, showinfyequent threat displays and occasional aggression toward
potential predators. Importantly, deployingcameras did notower nesting success and proved to

be an effective,non-invasive methodfor studyingincubation behaviourand predatorinteractions.
Dump nesting,observedat some sitesprobably reflectsboth limited spaceand parasitismamong
conspecifics under rising population pressures, emphasizing the need to expand suitable nesting

areas on the island.

From a regional perspective, this researadonfirmed a significant historical reduction in the
Velvet S ¢ o tbeeedimgrangeacrosghe CaucasusOncewidespreadacrossat leastadozenlakes

in Georgia,Armenia, and Turkiye, the speciesiow existsat only asinglesite. The decline of these
local populations is linked to habitat degradation, human exploitation, eutrophication, and
biological interactions with expanding gull populations. Many of these threats are still present
today at Lake Tabatskuri, where thirteen of the sixteen regionally idéfired pressures remain
active. The combined impact of these pressures has made the Tabatskuri population highly

vulnerable to random events and demographic collapse.

Despite this ecological isolation, genetic analyses showed that the Caucasian populaiooti
genetically distinct from northern Velvet Scoters. Mitochondrial and microsatellite markers
revealed no significanpopulation differentiation, indicating ongoing orrecentgeneflow between
northern and Caucasian breeding groups. This connectivisylikely maintained through shared
wintering grounds in the Black Sea, where individuals from both regions congregate and pair
before migrating to breeding sites. Malemediated dispersal may be essential in maintaining
geneticexchangegcounteractinginbreeding,andsupportingpopulationresilience.The absencef
geneticisolation offershopefor the s p e aecaeryfasit suggestshat recolonizationof suitable
sites in the Caucasus could happen naturally or be supported through reintroduction from

genetically compatible northern stocks.
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Collectively, these results highlight the importance of adopting an integrated, fykar
conservationstrategy.Effective protection of the Velvet Scotercannotbe limited to the breeding
seasoror asinglelake;it requirescoordinatedmanagemenbf breeding,migratory, and wintering
habitats across borders. Conservation efforts should focus on maintaining and enhancing the
ecological health of Lake Tabatskuri while also identifying and protecting keyopover and
wintering sites along the Black Sea coast. Main management priorities include: (1) controlling
human access and boat disturbances durimgsting and broodrearing periods; (2)maintaining a
balanced Armenian Gull population that reduces dire@redation but still deters raptors; (3)
restoring and expanding suitable nesting habitats by removing excessive vegetation and creating
new small islands; (4) reducing bycatch through targeted fishifigge zones and engaging local
communities; and (5) inproving water quality with sustainable management and pollution
control. At the same time, longterm ecological monitoring should be established to assess the

success of these efforts and to detect early signs of environmental decline.

Although the genetic results suggest that the Caucasian Velvet Scoter is not an isolated
evolutionary wunit, this should not l ead to
dependson maintaining demographicstability at Lake Tabatskuriandensuringongoinggeneflow
through migratory connectivity. Given the small population size, even small environmental
disruptions or policy failures could cause a rapid decline. Therefore, conservation efforts must
follow a cautious approach, combining habitat protection with adapé management, regional

cooperation, and communitybased stewardship.

Future research should focus on measuring prey availability, dietary composition, and food web
dynamics within breeding and wintering habitats, as these remain some of the most impdrtan
gapsn knowledge.Understandingtrophic relationshipswill not only clarify the ecologicalfactors
influencing breeding success but also help guide the restoration of former breeding lakes.
Expanding genomic analyses with highesolution techniques likeddRAD sequencing will
improve assessments of population structure, reveal the extent of nmakdiated gene flow, and

inform potential translocation or supplementationefforts. Combining ecological,genetic, and
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sociceconomic perspectives Wibe crucial for ensuring the longterm survival of the Velvet

Scoter as a breeding species in the Caucasus.

I n conclusi on, this research provides the fi.
breeding ecology, genetic connectivity, and conseton status in the Caucasus. It shows that
although the species maintains genetic links with its northern populations, its local survival
depends on careful ecological balances and ongoing human support. The recovery of the Velvet
Scoterat Lake Tabatskur highlights the successf locally led conservationeffortsrootedin strong
scienceand community involvement. However,its limited current rangeservesasawarning that

losingthis singlepopulation could leadto the speciesextinction asabreederin the entire region.
Protecting this population is, therefore, crucial not only for conserving a species but also for

preserving a vital part of the Caucasusds nat

PostdoctoralStudy

Building on this doctoralresearchthe postdoctoralstudywill examinethe migratory connectivity

of the Velvet Scoter elanitta fuscg population breeding at Lake Tabatskuri. Using ligthével

|l oggers and GPS tracker s, it owi | identi fy t1l
throughout the annual cycle. At the same time, highkresolution genomic analyses (ddRAD
sequencing) will evaluate population structure, genetic diversity, and connectivity across the

s p e aange gl studieshavealreadybegunin collaborationwith AarhusUniversity (Denmark)

and the University of Nebraska (United States) and will continue for at least one year beyond
completion of the PhD. The findings wild.l enh.

contribute to evidencebased conservation strategies across its range.
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SupportingMaterialsl|

Seasonal abundance and breeding biology of Velvet Scdfelanitta fuscaat Lake Tabatskuri,

Georgia

Table S1. Clutch size and hatching success for all Velvet Scoter nests found at Tabatsk]
Georgia during summer 2022020. While it is generally difficult to determine the fledging
success of individual nests, nine ducklings ultimately fledged at the site from 31 hatched eggs in
2017(29%).However,dueto observerinexperience this may not fully reflect reality aswell asin
other years. In comparison, four ducklings fledged from 114 hatched eggs (4%) in 2018; five
ducklingsfledgedfrom 100hatchedeggq5%)in 2019;and 39ducklingsfledgedfrom 146hatched
eggq27%)in 2020.

NestCode Clutch Size Hatched
1/2017 10 8
2/2017 8 5
3/2017 8 4
4/2017 7 4
5/2017 7 5
6/2017 8 5

Total in 2017 48 31(65%)
1/2018 7 5
2/2018 3 0
3/2018 8 6
4/2018 6 5
5/2018 9 7
6/2018 11 8
7/2018 15 8
8/2018 7 2
9/2018 8 7
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10/2018 7 0
11/2018 9 9
12/2018 10 9
13/2018 12 0
14/2018 13 0
15/2018 16 0
16/2018 9 7
17/2018 9 5
18/2018 9 8
19/2018 11 9
20/2018 8 7
21/2018 9 0
22/2018 10 7
23/2018 7 S
Totalin 2018 213 114 (54%)
1/2019 9 4
2/2019 7 3
3/2019 8 8
4/2019 9 7
5/2019 4 0
6/2019 5 0
7/2019 9 8
8/2019 9 7
9/2019 8 6
10/2019 7 0
11/2019 7 5
12/2019 8 0

90



13/2019 8 8
14/2019 6 0
15/2019 9 0
16/2019 8 6
17/2019 7 0
18/2019 13 0
19/2019 6 2
20/2019 6 0
21/2019 8 4
22/2019 5 0
23/2019 9 6
24/2019 11 8
25/2019 10 3
26/2019 11 10
27/2019 7 5
28/2019 9 0
29/2019 8 0
30/2019 7 0
31/2019 8 0
32/2019 19 0
33/2019 15 0
Totalin 2019 280 100(36%)
1/2020 9 5
2/2020 9 0
3/2020 8 6
4/2020 9 5
5/2020 10 8
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6/2020 11 7
7/2020 4 0
8/2020 9 6
9/2020 9 6
10/2020 11 0
11/2020 12 0
12/2020 9 8
13/2020 9 7
14/2020 11 9
15/2020 11 9
16/2020 8 5
17/2020 22 0
18/2020 9 6
19/2020 9 5
20/2020 8 0
21/2020 3 1
22/2020 9 7
23/2020 10 0
24/2020 9 6
25/2020 12 8
26/2020 15 9
27/2020 9 8
28/2020 8 6
29/2020 8 6
30/2020 9 3
31/2020 7 0
Total in 2020 296 146 (49%)
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1. Core area used during breeding

2. Area unused by birds

3. Area used for mating and feeding

4. Area used for moulting and feeding

5. Corridor area hardly used by birds
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Figure S1. Mapof TabatskuriLake showingthe five main areasof the lake andtheir differential
useby Velvet Scotergduring different periodsof the summer.Scoterswvere not seenin the light

blue areas during the surveys in 201Z2020.
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Nesting behaviour and factors affecting reproductive succesof Velvet Scoter Melanitta fusca

breedingat Lake Tabatskuri,Georgia
Annex S1.Supplementarytext relating to the 16th cameratrap

The 16th cameratrap, which wasnot usedin our analysisof the factorsaffectingthe reproductive
success®f Velvet ScotersMelanitta fuscabreedingat Lake Tabatskuri,Georgia,wasinstalled less

than 35cm from the nestand operatedin video mode (while all the otherswere placed70-90cm

away from the nests, camouflaged, and used picture mode). The female was initially very wary
uponreturning to this nestanddid not settle,but after severalattempts,returning multiple times,

she finally resumed incubation. However, she remained very nervous and was highly aggressive
toward the camera, attacking and hitting it twice. From the day after deploymeshe appeared
less nervous but continued to intermittently hiss at the camera during incubation. During this
period, another female scoter visited and occupied this nest for two hours (details described
below), showingno interestin the cameratrap. Deite thesedisturbancesthe breedingattempt

was successful, with four of nine eggs hatching. Still, due to the frequent disturbances caused by
the cameradbds proximity, the video mode, and

excluded from our anbysis of the impact of camera traps on nesting success.
Annex S2.Supplementarytext relating to other scotersvisiting nestsduring incubation

In addition to Armenian Gulls Larus armenicusand Marsh HarriersCircus aeruginosusthe
cameratrapsrevealedthat nestvisitors included other scoterson two occasionst nestno. N1 (in
2019)andnestno. N24 (in 2019).Inoneinstance ,when the incubating femalewasabsentandthe

eggs were left uncovered, a second female scoter with five ducklings visited and sat on the eggs
with her own ducklings. After 1.4 hours, the original nest owner returned, tried to reclaim her
nest, but was strongly displaced by the second bird (leggs and loggers helped distinguish
betweenthe two females) Five minuteslater, the secondfemalecoveredthe eggswith down and

attemptedto lead her ducklings to the shore.When the ducklings failed to follow, the second
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female resumedncubation. Returning 15 minutes after her first visit, the original female again
tried to reoccupy the nest, when the second female departed witer ducklings in the direction

of the shore. The second female returned 10 min later, without ducklings, ahieh point the
resident female defended her nest vigorously and chased the intruder away, after which she did
not appearagain.Two dayslater, the owner successfullyhatchedfour ducklingsout of nine eggs;

of the remaining five eggs, one containeddeadembryo and fourwere addled. In asecond case,
three unattended scoter ducklings visited a nest, when the female sitting on the nest accepted
them and proceeded to brood them, leaving the nest Jater. The female continued to incubate
her own eggsandthree dayslater, shehatchedeight ducklingsfrom 11 eggswith the remaining

three eggs, one had a dead embryo and two were addled.

Table S1. Clutch size and hatching success for all Velvet Scoter nests found at Tabatskuri Lake,
Georgiain the summersof (a) 2019,(b) 2020and (c) 2021.Nests1/2019,7/2019,19/2019,21/2019,
23/2019,24/2019,26/2019,6/2020,24/2020,29/2020,30/2020,2/2021,7/2021,9/2021,19/2021,

26/2021arethe nestswhere the cameratrapswere installed.

(&) Summer2019

Nestcode Clutch size Hatched Addled Suffocated Predated

1/2019 9 4 4 1 0

2/2019

3/2019

4/2019

5/2019

6/2019

7/2019

8/2019

9/2019

10/2019
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12/2019 8 0 0 0 8
13/2019 8 8 0 0 0
14/2019 6 0 0 0 6
15/2019 9 0 0 0 9
16/2019 8 6 2 0 0
17/2019 7 0 0 0 7
18/2019 13 0 13 0 0
19/2019 6 2 3 1 0
20/2019 6 0 0 0 6
21/2019 8 4 1 1 2
22/2019 5 0 0 0 5
23/2019 9 6 2 0 1
24/2019 11 8 2 1 0
25/2019 10 3 6 1 0
26/2019 11 10 1 0 0
27/2019 7 5 1 1 0
28/2019 9 0 0 0 9
29/2019 8 0 0 0 8
30/2019 7 0 0 0 7
31/2019 8 0 8 0 0
32/2019 19 0 19 0 0
33/2019 15 0 15 0 0
Total in 2019 280 100(36%) 90 (32%) 10 (3%) 80(29%)
(b) Summer2020
Nestcode Clutch size Hatched Addled Suffocated | Predated
1/2020 9 5 4 0 0
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2/2020 9 0 9 0 0
3/2020 8 6 1 1 0
4/2020 9 5 4 0 0
5/2020 10 8 2 0 0
6/2020 11 7 4 0 0
7/2020 4 0 0 0 4
8/2020 9 6 3 0 0
9/2020 9 6 3 0 0
10/2020 11 0 11 0 0
11/2020 12 0 0 0 12
12/2020 9 8 1 0 0
13/2020 9 7 2 0 0
14/2020 11 9 2 0 0
15/2020 11 9 2 0 0
16/2020 8 5 3 0 0
17/2020 22 0 22 0 0
18/2020 9 6 2 1 0
19/2020 9 5 4 0 0
20/2020 8 0 8 0 0
21/2020 3 1 2 0 0
22/2020 9 7 2 0 0
23/2020 10 0 2 8 0
24/2020 9 6 3 0 0
25/2020 12 8 3 1 0
26/2020 15 9 4 2 0
2712020 9 8 1 0 0
28/2020 8 6 2 0 0
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29/2020 8 6 2 0 0
30/2020 9 3 5 1 0
31/2020 7 0 7 0 0
Total in 2020 296 146 (49%) 120(41%) 14 (5%) 16 (5%)
(c) Summer2021

Nestcode Clutch size Hatched Addled Suffocated | Predated
1/2021 8 6 0 1 1
2/2021 10 6 2 1
3/2021 9 7 2 0 0
4/2021 9 8 0 1 0
5/2021 9 8 0 1 0
6/2021 10 0 10 0 0
7/2021 9 7 0 1 1
8/2021 9 6 2 0 1
9/2021 11 10 1 0 0
10/2021 9 8 1 0 0
11/2021 9 7 2 0 0
12/2021 12 0 3 5 4
13/2021 8 8 0 0 0
14/2021 12 5 2 5 0
15/2021 9 1 8 0 0
16/2021 9 9 0 0 0
17/2021 19 0 19 0 0
18/2021 2 0 2 0 0
19/2021 9 6 3 0 0
20/2021 10 4 5 0 1
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Total in 2021

325

177 (55%)

102 (31%)

18 (5%)

28 (9%)
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© N, Paneehvili

FigureS1. Theaslandof TabatskuriLake,currently the only natural nestingareafor the Velvet

Scoter in the Caucasus. Photograph by N. Paposhvili.

Figure S2.Three observersvalking closelyabreastsearchingthe entire islandintensively for

Velvet Scoter nests. Photograph by N. Melikishvili.
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© M. Paposhyili
Figure S3. Female Velvet Scoter incubating on her nest. The species exhibits strongsitest
fidelity andexceptionallyhigh nesttenacity, with femalesoftenremaining on the nestevenwhen

potential danger approaches.
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Figure S4.0ne of the nestswhere acameratrap wasdeployed.The femalecontinued incubating
her eggs, apparently without disturbance, and successfully hatched ducklings. Photograph from

the camera trap at nest no. 24/2019.
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Figure S5.A clutch which hatchedsuccessfullywith sevenhatchedeggshellandtwo unhatched

eggs. Photograph by Nika Paposhvili.
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Figure S7.A suffocatednestlingin the egg.Photographby Nika Paposhvili.
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Figure S8.Threatdisplay (i.e. targetedopeningbill/gap and hissing):(a) directed towardsathreat
coming from the side, and (byvhen the direction of the threat is unclear. Photograph from the

camera trap (a) at nest no. 2/2021 and (b) at nest no. 24/2019.
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