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1. INTRODUCTION

1.1.Cryptobenthic fishes and the gnusGoauniaNardo, 1833

Cryptobenthic fishesire broadly defined byDepczynski and Bellwood (2003 3adult
fishes typically smaller tharb cm total length thatre visually and/or behaviourally cryptic,
and maintain a cke association with the benthdsee also Brandl et al. 201&dditionally,
.RYDpLU HW DO a more Spe&fi IdEikitvwrof cryptobenthicfishesas % fish
species ollife history stagesf fish species that exclusively or predominantly spend their
lifetime in cryptobenthic microhabitats, that is, in the restricted living spaces underneath the
bottom surface of the substrate or biocover, with a physical barrier to the open’spaces
gereral, cryptobenthic fishes are considered apoarly studied group of fishes whose
diversity is underestimated, primarily due to the lack of taxon@xrjertiseand efficient

sampling methods (Brandl et al. 2018).

One family of cryptobenthic fishes oceung in the Mediterraneaand the AdriaticSea
are the clinfishes(GobiesocidaeMediterranean clingfishes are characterised byall size
anda cryptobenthic lifestyle, which provides goodprotection against predators (Hofrichter
and Patzner 2000pbove all,clingfish havea thoracic disc, that allows adhesion to irregular
surfaces in intertidal habitat and enables them to persiathigh energetic environment
(Hofrichter and Patzner 2000; Wainwright at al. 2013).

Among over 35700 valid fish speies Ericke et al. 202@), only the Mediterranean
clingfish genusGouaniaNardq 1833 (Gobiesocidaepnd Pacific gobies (Galae) of the
genus Luciogobius Gill, 1859 inhabit the interstitial space of intertidal gravel beaches
(Yamada et al. 2009; Wagner et al. 20X@¢nusGouaniais a Mediterranearendemicgenus
whose individualsinhabit exclusively theintertidal environmentof gravel and boulder
beaches (Wagner et &020).A taxonomic tassification of the genus is shownTable 1
Until 2020,Gouaniawas composed of only one speci€guania wildenowi(Rissq 1810),
but recent work by Wagneat al. (20192020) ha shownexistenceof at least five different
species. With the redescription of the spedi&swilldenowi (Wagner et al. 2020), its
distributionrangehaschanged andas now limited to the western part of the Mediterranean
Seaexclusively.Accordingly, thefindings in the AdriaticSearefer to the seciesG. pigra
(Nardo, 1827) ands. adriatica :DJQHU .RYDpLU DQG .Rave Rl h@ieds



of sympatric species occurrenc&quaniaspecies coexist in two very distinct morphotypes
SVOHQGHU" ™ DthaGevévaly mdependentlyn the Adriatic Sea and the oriental
Mediterranean basifWagner et al2019,2020). Despite overall body shape differendbe
slender morphis characterized by an increased number of vertebrae and smaller eyes

compared to its sympatric stout congenagner et al. 2019, 2020).

Table 1. Classification of genu&ouaniaby Fricke at al. (2020a, 2020b)

Systematic categor Name
Kingdom Animalia
Phylum Chordata
Subphylum Vertebrata
Superclass Gnathostomata|
Class Actinopterygii
Order Gobiesociformes
Family Gobiesocidae
Subfamily Lepadogastrinag
Genus Gouania

1.1.1.Gouania pigra(Nardo, 1827)

Gouania pigra commonly namedsthe iglet suckef, is considered athe only strictly
marine endemic fish species in the Adriatic Sea (Wagner et al).2020 synonymous with
Lepadogaster pigerNardg 1827, Gouania prototypusNardo, 1833, Gouania piger
Bonaparte 1846 andLeptopterygius pigers« Q W, K861 but due to lackingholotypes the
species was redescribed 62D (Wagner et al. 2020). ligeographidistribution ranges from
northern Adriatic to Albany, with the southernmastord in Vlors(Wagner et al. 2020).
Throughout itgange this species is founith sympatrywith G. adriatica. In 3 H O MGH@Edba-
can be found, besid&. adriatica ZLWK WKH R W@Eoddania mophbQue ksU
hofrichnteri :DJQHU .RYDpLU DQG (Rdu@ B)sG.Qigtdls typically abundant

in fine gravel of intertidal pdidle beacheand during low tidgit can be found in exposed area



(Hofrichter and Patzner 200Wagner et al. 2020Besides their habitgireferencesittle is
knownaboutthe ecologyand biologyof the species amguantitative data is scar¢@&/agner at
al. 2020.
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Figure 1. Geayraphical distribution rangesd sympatrioccurrences-igure changedfterWagner
et al.(2020).

The pigletsuckeris very slender and elongatedihereas the body iposteriorly and
laterally compressed while the head is small and dorsoventrally comp¥gagder et al.
2020) It can reach anaximum length of abouytO mm (Wagner et al. 20205. pigrais white
to fleshcoloured, almost pigmentless @rth a poorly visible irregular marbled pattern
(Figure 2). Compared to stout morphotypes@buania no star shaped pigmentation around
the eyess visible (Wagner et al. 2020)The denderbodiedG. pigra differs from all other
congenersby its reduced pigmentation and tipesition of theposterior angle of jaws.
FurthermoreG. pigradiffers fromstoutbodied species dbouaniaby thedorsal head profile
which is "S" curvedthe absence of stdike pigmentation around eyes atite number of
vertebrag35-38). It is easilydistinguishable from theympatricG. adriaticaby the posterior
opercular edgewnhich has two cleatips (the upper longer or equal tihe lower), the number
of caudal rayq10-11 vs. 1213) as well as vertebraand theabovementionedabsence of

starpigmentation around the ey@&/agner et al. 2020).



Figure 2. Gouania pigra(Nardq 1827),taken fom Wagner at a[2020) Photos by M. Wagner
DQG 0 .RYDpLU

1.1.2.Gouania adriatica:DJQHU .RYDpLUO DQG .REOP<OOHU

Gouania adriatica alsoknown as W KAdiridtic bluntsnouted clingfish is one of three
stoutbodied pecies ofGouania It inhabits intertidal pebble beaches throughout Alagiatic
Seaandthe northern lonian SeaHjgure 1). The species occurs in sympatry wiEh pigra
throughout its distributiomandat 3 H O MlideatbeFabovementionedG. pigra also in syntop
with G. hofrichteri (Wagner et al. 2020%5. adriaticais also found above the waterline during
extremely low tide, mostly in late winter amerly spring.There is almost norlowledge of
ecology, biology and behavioof the species, as it was the case wWghpigra (Wagner et al.
2020).

The body ofG. adriaticais elongatedslenderand posteriorly laterally compressetith a
length variating from 2Gmm to about42 mm and a large heafiVagner et al. 2020)The
snout iswide and blunt, as the common name suggé&stsadriatica is yellow to flesh
coloured sometimes withrregular melanocytedecreasig towardsthe posterior part othe
body and astarlike pigmentationaroundthe eyes(Figure 3) (Wagner et al. 2020). Adriatic



bluntsnouted clingfish differs from slendbodied species dsouaniaby a low number of
thevertebrae (35), a dorsal head profile that forms a straight line between nape above the eye
and the upper lip tip and th@eviousy mentionedstarlike pigmentation. Additionally, G.
adriatica differs from the sympatric congeneriG. pigra by the position ofthe posterior

jaws angleas well aghe number ofprincipal caudafin rays(12-13 vs. 10-11). The species

differs from other stoubodied species by reduced pigmentation and by a posterior opercular
edge thatounds thdower edge anthe pointed upper tip (Wagner et al. 2020)

Figure 3. Gouania adriatica: DJQHU .RYDpLU DQG .REOP O Orienkt al. WDNH (
B3KRWRV E\ 0 :DJQHU DQG 0 .RYDDpLU

1.2.Microhabitat niche partitioning

Microhabitat niche partitionings commonin severalsmallbodied cryptobenthictaxa,
whereascoexistingcompeting specieare ableto exploit a wider range dbod, substrates or
habitatscompared to larger fishge.g. Yamada et al. 2008; Tornabene et al. 2013; Ahamdia
et al. 2018; Brandl et al. 2012020Q. Thus far, most merohabitatassociation studies in
cryptobenthic fishwere conducted in tropical seasgi@¢he Great Barrier Reef in Australja
whereasthe investigatedspecies exhib#d spatial fine-scale partitioning across the shelf

5



(Tornabene et al. 2013; Goatley et al. 20b6)even within different host coral species
'LUQZ|EHU DQG +IdU® HMdditerranegnsome cryptobenthic species from

families Tripterygiidae and Gobiidae can be linked to different depth ranges suggesting a

certainlevel of space partitioning (LMesa et al. 2005)Nonetheless, inhe partitioning is

considered &ey factor in sympatric speciation &f. pigraandG. adriatica(Wagner et al.

2019 2020.

Gouania$ small size € 6cm), elongated body witla high number of vertebrae, small
eyes and the adhesive disc are ipaldr morphologicaladaptationsvhich enable them to
invadethe interstice of intertidal pebble beaches (Hofrichter and Patzner 2000; Wagner et al.
2019).The interstitial of pebble beaches can be considered very demandingnemesmts for
vertebrates, whereagves, tidesand heavy tourigbressureare predominant facto(sVagner
et al. 2019)Unsurprisingly, a8 mentionedefore,only Gouaniaand Pacific gobiesfrom the
genus Luciogobius have successfully adapted to life-hostile intertidal pebble beaches
(Yamada et al. 2009; Wagner et al. 20Bgmarkably, both genera independently converged
to the same morphological adaptatiofi. excessive vertebral segmentati@iongated,
scaleless body, andreduced fing which indicate strong selective pressuiies these
environments For instance, the elongated body shape, induced by incremseder of
vertebrae elevatesthe body flexibility and allows the locomotion in the interstices ttie
gravel sediment (Yamada et &009; Wagner et al. 2019Additionally, these specific
adaptations have allowed microhabitat specialization famelscale niche utilization in
Luciogobius(Yamadaet al. 2009. If similar trajectorieshold true forsympatricoccurring
Gouania speciesremains to beexplored, but mvious studies suggested that thender
bodied(number of vertebrae 358, smaller eyes)G. pigrais usually found in finer gravelf
pebble beachesompared to its sympatrstoutbodied(number of vertebrae 3%arger eyes)
congenerG. adriatica (Wagner et al. 20192020).

1.3. Aim of this thesis

The am of this thesis isd determine whetheraiderbodiedG. pigraand stoutbodiedG.
adriatica, occurringin the same areanhabit different microhabitats Based on the two

extremely divergent morphospaces that the species octupgpothesie that gravel size



could be a good proxy for determination of the microhabitats and therefore, niche partitioning

between the two species, is very likely (see alsgWgaet al. 2019, 2020).

Additionally, in Croatiathebiocenosis of infralittoral gravels listed in all threeAnnexes
of Regulatiorof habitat types, habitat maps, threatened and rare habitat types and measures
for the conservation of habitat typ@¥arodne novine 88/2014This shouldprevent further
degradation and ensutfee retention ofa favourable state of conservationerms ofnational
and European importanc€herefore, the recemtescription ofthe two new Adriatic species,
one of whichis endemic to the Adriatibasin fosters a critical look on the conservation of
these habitatsTherefore, lis thesis als@aimsto focus on the geologicalharacteristics and
habitat structure ahfralittoral gravelbeaches. This work will therefore dedr a baseline for
future investigations in this unassumihgbitat that of all known vertebrate species in

Europe, isexclusvely occupiedby species of the gen@ouania

2. RESEARCH AREA

The Qoatian coadine is characterized bg high steep and rocky carbonate coast, formed
after the last sekevel rise by the submerging of the previously karstified carbonate relief
SLNHOM DQG .-Beddbdslaiie ramong thecoastand mostly developed as gravel
pocket beaches in carbonates mixed gravellysandy beaches formed in flysch rock

DVVHPEODJHV 3LNHOIMthBQtedy- ¥\ebtjightédL1 beachesn total which
are all located on the Istrian peninsuld/hereas the majority of the beaches aréocated
within theurban areaf Pula on the western Istrian coasto (Cavaand SvetaMaring) are

remote beaches situated on the eastern Istrian ¢ogstd 4).
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Figure 4. Map showing locations in whictbouaniawerepresentThe fourbeaches inclugd in

the granulometric analys{@ava Sveta MarinaZelenika landZelenika2 areshown inbold.

Despite investigating the occurrence of the newly described and redesGiiloechia
species in alv abovementioned beaches Pulg only Zelenika 1(Figure 5) andZelenika 2
(Figure 6) were included for the comparative sedimentological analy3émse beaches
consistof carbonate material whiclies above the low rocky carbonate coast. The original
lithology of this coast is characterized by the@wer Cretaceoughin-bedded limestones
intercalated by the rare lenses of dolomites, marms| brecciag:K:®) (3 R O d9BR). The
structure of the underlying rocks is visible ime submarine part of the beach.



Figure 5. Sampling siteZelenika 1 PhotoE\ 0 3DPLU



Figure 6. Sampling siteZelenika2 3AKRWR E\ 0 3DPLU

In contrast the eastern Istrian coast is steep, rocky, and much higher compared to the
western coast. Both beachd&3ava (Figure 7) and Sveta Marina (Figure 8), are typical
natural pebble pocket beaches, formed at the end of the recent and/or subrecent surface water
VWUHDPVY 3LNHOM DQG -XUDpLUO s TheDs®azrid By s8ubRalingd Q WH G
parts of the beaches are covered by natural beach sediWeiitbedded grey Upper
Cretaceous limestoné¢&;®) underlieCavabeach(ALNLUO HW D O Lower CretdcédDH
grey and brown thick bedded limeston&s?® 0D JD &8) underlieSv. Marina beach.
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Figure 7. Sampling siteCava Picture by F. Keller
(https://goo.gl/maps/g6cUKmMdFZBsMmNsY6
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Figure 8. Sampling site Sveta Marinmspection othebeach foitGouaniafV SUHVHQFH 3KRWF
M. Wagner

3. MATERIALS AND METHODS

3.1.Sampling

In a preliminary study,rbm March to June 2020 examined 11 gravel beachesPula
However,for the comparative analysdsincluded onlythe sitesat which both species were
present andhighly abundantTherefore from September to October 2020, | investigated two
sites in Puldi.e. Zelenika 1andZelenika 2 and two more sites on the eastern Istrian coast
(Sveta Marinaand Cavabay). | sampledin conditions without strong wind anegardless of
the height of the tides and the presence of swirametook thesamplesby pulling a

customized iron bucket throughthe gravé to a depth of 50 cm(Figure 9).

12



Figure 9. Customized iroucket facilitates sampling through the graiasign by M.
Wagnerand M3DPLU 3KRWR E\ 0O 3DPLU

After each trial, | separated the collect€duaniaand measured their total lengitn
millimetres (using adigital calliper Iskra and | determined the s€¥ possible)as well If
more than one speuen or different species were in the same bucket, | assigned the same
bucket to each specimeBpecies identification was done based on the key provided by
Wagner et al. (2020Following this, Ireleasedhe specimen far enough from the original
samplingsite to ensur¢hat the same individuals are nota&ptured | performedstatistical
analysis and comparisons between species using descriptive statisteguared test and
Mann#Vhitney U tes{afterteding for normality of the gathered data using StepiroiVilk
tes). | did all analysesn R Ver. 4.0.3language and environment for statistical computing and

graphics R Core Team 2020).
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3.2Granulometrics

Sieve analysiggranulometrics)s one of the old& andmost commortiechniques used to
obtain the particle size distribution (Dishman 200&hove all, its application is simple,
reproducible and inexpensivéfter collecting gravel with the abowmentioned bucket
(Figure 9), the pebbles were separatatbugha customized sieve apparatus using 5 fractions
that roughly represent the range of pebbles that are habitab&ot@nia The exacimesh
aperturs of each fraction werd6.15 mm, 25 mm, 12.80mm, 5.51mm and 1.51mm,
respectively. However, later in the text, | will refer to them as rounded centimetre values
equal to 5, 2.5, 1.3, 0.5 and 0.1. In order to ensure a proper separation of different grain sizes,
| washed and shook the sieve apparatus propkftigr separaon, | weighted eactsieve full
(including content) ané&mpty (without content), whereas the total weight of each fraction
was calculated as the difference of these two measures. Following tasulatedthe
relative masses of individuditactions for each samplewhich was used for thstatistical
analysis To infer differences of sediment compositions between sp&igagra and G.
adriatica, | performeda multivariate principal component analysis (PCAnd a Mannt
Whitney U test in R/er 4.0.3(R Cae Team 2020). usedShapirotVilk testto test normality
of the data.

Additionally, | calculated theetained mass data using GRADISTAD Ver. 8 (Blott and
Pye 2001). Through this program | obtained the mean, median, sorting index, skewness and
NXUWRVLY *UDLQ VL]HV LQ - XQLWYV JRWWHQ IURP WKH FX
5, 16, 25, 50, 75,8and 95 were used for the calculation of granulometric parametars.
calculatingthe correlatiors with the body size of the specieand sediment compositiothe
mean, median and sorting indard differences between locations wersedand calculated
in R Ver. 4.0.3(R Core Team 2020). The difference between locations in granulometric
properties was tested using Kruskidallis test.For results that were statistically significant
'XQQTV Wpekdnned wwh a Benjamiriiochberg padjustment methodotdetermine
exactly which locations were different. Statistical formulas useGRADISTAD Ver. 8
(Blott and Pye2001) for the calculation of grain size parameters and their descriptions were
(Folk & Ward, 1957):

Median (medium grain size) represents tlaue of which 50% of the pactes are larger

and 50% smaller:
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Mean (average grain size):

L OsxE OwrE 0 zv
u

IV

Sorting shows the uniformity of distribution:

OzvFOsx_ O{wFOw
L E -
Vv X&

Sediment sortingateqgories:

S 10 1 S SRUUURRPRPUSTRRRTPPRRRPPRRRRIR V1 - VAT = | IESTo] g (10

(TG0 T O N Well sorted

0,500,701 ..o aaa e e e Moderately well sorted
0,701,001 .. e e e e e e e e e s n—— Moderately sorted
I 0052 O Poorly sorted
2,004,001 .. e e nnnr s Very poorly sorted
S 4,00 e —— e e e e e e e e a e ——— Extremely poorly sorted

Skewness(the asymmetry of the distribution) shows deviations in the distribution of
particles. Positive valuegdicate that the larger fraction predominates, i.e. that the curve is
inclined towards the smaller sediments, and negative valh@ws that the snller fraction

prevails, i.e. that the curve is inclined towards the larger sediments:

OsxEOzvFtOwr_OwEO{rFtOwr

> t:0zvF Osx t:0{wFOw
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Skewness cateqories:

21,00 10-0,30.. it VETY COAPSE SKewed
S0,30 D -0,00. e i b—————— Coarse skewed
20,10 D 0,10, it r— e e e e e e e e r it —————————aaes Symmetrical
0,10 100,29, ittt ettt ettt e e e e e e e eee— ettt e e e e e e e e e e e e e e e e e e e e e s Fine skewed
L0100 1 0 Very fine skewed

Kurtosis refers to the scattering of the distribution. If the curve is sharpened (thinner
tailed), the material is distributed around one grain size, and if it is flattened (fatter tailed),

several granulontdc fractions are present.

O{wFOw
) t&v.Oyw Otw

Kurtosis categories:

LU0, D7 ettt ettt et ———— e e e e e e ee e et et ————————eaarrnnnnn, Very platykurtic
O TN 721 O L Platykurtic
0180 15 50 Mesokurtic
0 5 1 00 T Leptokurtic
1,503,000 i ———— et a————aaa—a Very leptokurtic
> 3,001 1ttt e e Extremely leptokurtic
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4. RESULTS

4.1. Sampling andbody length of species

Of the eleverexaminedgravel beaches in Pul&, pigrawas presentithout its sympatric
congenelG. adriatica at three different beachgslavajskoBeach,AmbrelaBeach and cove
Saccorgiana)However, Ioth species were found isympatry atCiklonska BeachValkane
Beach andhe beache<Zelenika l1andZelenika 2 Of these four locationsonly Zelenika 1
and Zelenika 2as well as the eastern Istrian locatiddava bayand Sv. Marinawere
investigated and inctled into the comparative granulometric and niche partitioning analyses.
During sampling inSveta Marinano specimens o6. adriaticawere found,but G. pigra
occurred in high frequenciesPrevious studies also confirm this observation, si@Gce
adriatica was rarely found at this site (Wagner M.; personal communication). Most sampled
specimens were collected Z¢lenika 2(N=47), followed byZelenika 1(N=30). A summary
of all numbes of individuals of each species by location is shovirable 2 Differene in
frequency between species by location was tested usirggubred test. Frequency Gf
adriatica significantly differs fromG. pigra{ &h these four locations¥8 10.13,P =0.0175).

Table 2.Number ofG. adriaticaandG. pigraindividuals by location.

. Location
Species : : :
Cava Sv.Marina | Zelenika 1| Zelenika 2
G. adriatica 2 0 16 22
G. pigra 14 8 14 25

Morphometricdatawerecollectedfrom a total of101 individualsfrom thetwo speciesG.
pigra andG. adriatica Sincesampling was carried out during autumn, sex determination was
difficult with just visual inspectiontherefore, there are rdataof 32 individuals. Descriptive
statistics for total lengtlare shown inTable 3 According to this, theminimum andthe
maximun length of bothG. adriatica and G. pigra were recordedat Zelenika 2 The
population ofG. adriaticaat Cavawas the largest in sizevhile atSv. Marina G. pigrahad

the sméest maximum and average body size
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Table 3. Descriptive statistics with highlighted minimum (min), maximum (max), mean values

([b standard deviation (StdReof measure and locationSizes are expressed in millimetres (mm).

Sv.Marina | Zelenika 1| Zelenika 2
min 29,93 23,15 21,04
o max 48,42 50,84 52,36
G. adriatica
[D 39,16 34,72 32,71
StdDev 13,07 8,59 10,12
min 29,51 28,27 27,81 16,24
_ max 48,33 45,92 51,78 54,34
G. pigra
D 39,51 34,86 42.41 41,92
StdDev 5,14 6,89 6,91 8,74

The difference in size betwe&h adriaticaandG. pigrawassignificant £ =0.00046) by
means of Mann#Vhitney U test FurthermoreZelenika landZelenika 2showed significant
difference in size betwedhe two species with{(P ” Figure 10), whereasSveta Marina

andCava baywere excluded from these analyses (due to a lak afiriaticg).
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Figure 10. Summary statistics arfd values of ManmWhitney U test for size db. adriatica

andG. pigraby location (Z1=Zelenika 1 Z2=Zelenika 2.

4.2.Relative mass comparison

A total of 52 buckets with 101 specimens were investigated. One bucket corresponded to
one sampletherefore 52 samples were inspected, weighted and used for granulometrics
Descrptive and differentialstatistics (usingMann#Vhitney U tesk for the total relative mass
aredisplayed inFigure 11 The statistical testevealedno significant differencéP « )
whencomparing theelative sedimentmass between speciés eachsieves independent of

the sampling siteSieve fractions that comprise most of the sediment were 5, 2.5 atmh.1.3
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Figure 11.Summary statistics arfé values of ManwWhitney U test for total relative mass

between spaes for individual sieves.

When comparing the different relative masses for each sieve fraction between species in
different locationspnly Zelenika 2revealed significant result&igure 12) at sieve fractions
1.3 and 2.5Nlann#Vhitney U testP 15=0.031 P 25=0.043.
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Figure 12. Summary statistics arfélvalues of ManmWhitney U test of relative mass between species

by individual sieves for locatioBelenika 2

The multivariate pncipal component analysi¢PCA) (Figure 13) graphically
confirmedthe previously describexsults i.e. the axis with most explained variation could
not separate the two speci@se first principal componer{fPC) accounts for 42.35% of the
total variance irthe dataset, the secorRIC for 28.79% and the thir®C 19.47%. Therefore
the first three principal components account for approximately 90% of the explained variance
in the dataset. The first component represtdmdselative mass ofhe sieve fraction 2.5 and
0.5, which are invesely correlated. The second component represieatelative mass othe

sieve fraction Swhich is negatively correlated withe sieve fraction 1.3.
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Figure 13.Graphical epresentation d?CA analysis for total relae massThe value of PC is

representedn thex axis and the value of PCad the y axis. In red atbenames othevector
loadings- relative mass dthesieve fraction 5 (rel_5), relative masstioé sieve fraction 2.5 (rel_2.5),

relative mass ofhesieve fraction 1.3 (rel_1.3), relative masgladsieve fraction 0.5 (rel_0.5),

relative mass ofhe seve fraction 0.1 (rel_0.1).

Since the differences in the sediment composition between the two speeies
exhibited inZelenika 2andthe differernce in size was statistically significant Zelenika 1
andZelenika 2(Figure 10), further analyses were conducted based on individuals larger than
40 mm (Figure 14) and 45mm (Figure 15). However, br adults larger than 4m no
significant difference inmelative mass betwedhe tvo speciesvas detectedqMannaVhitney
U test P <0.05, the confined dataset to individuals larger thann#® showedsignificant
results at aieve size of m (Mann#Vhitney U testP =0.04).
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Figure 14.Summary statistics arfé values of ManmWhitney U test for relative masd

individual sieves betwee@. adriaticaandG. pigralarger than 40nm.

Figure 15. Summary statistics arfélvalues of ManmWhitneyU test for relative massf

individual sieves betwee@. adriaticaandG. pigralarger than 4%5nm.
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4.3.Sieve analysis

Sieve analysis resultbtained from GRADISTATor each sample are shownTiable 4.
All 52 samples belonged tbegravel textural group il more than 97% sedimetnsisting
of gravel and3% of sand. There was no mud present in the samples. 63% of all samples were
very well sorted and 15% were moderately well sorted. This shows that most of the sampled
sediment has undergone excessive sedintransport by sea water. More than 60% of
samples were very coarse and coarse skewed, meaning that larger sedimentsdprevalil
Furthermore, 60% of all samples were very platykurtic, 8% were platykurtic and 19% were
mesokurtic. This implies that almost0% of all samples were composed of several

granulometric fractions.

Table 4.Granulometric parameters and corresponding descriptions for 52 samples

Mz Md
Sample (P b So - Sk - Kg - SORTING: SKEWNESS KURTOSIS:
Very Well Very Coarse )
1 14522,7 | 35410,6| -0,432 | -6,596 | 0,927 Mesokurtic
Sorted Skewed
Very Well Very Coarse Very
2 13699,1 | 34853,7| -0,329 | -8,375 | 1,880 .
Sorted Skewed Leptokurtic
Moderately ] ]
3 22338,9 | 22286,3| 0,803 0,145 1,059 Fine Skewed Mesokurtic
Sorted
Moderately ] ]
4 23943,4 | 25342,9| 0,781 0,292 1,051 Fine Skewed Mesokurtic
Sorted
5 18295,1 | 18295,1| 0,400 | -0,136 1,015 Well Sorted Coarse Skewed  Mesokurtic
Moderately ]
6 22598,2 | 21671,9| 0,558 | -0,157 | 0,782 Coarse Skewed  Platykurtic
Well Sorted
Very Well Very Coarse Very
7 27207,7 | 32195,9| 0,249 | -3,178 | -0,408
Sorted Skewed Platykurtic
Very Well ] Very
8 29180,2 | 34258,6 | -0,241 | 0,051 | -1,235 Symmetrical .
Sorted Platykurtic
Very Fine .
9 32668,1 | 32668,1| 0,356 0,534 0,799 Well Sorted Platykurtic
Skewed
Very Well Very Coarse Very
10 34973,1 | 34973,1| -0,160 | -0,918 | -1,666 ]
Sorted Skewed Platykurtic
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Continuation ofTable 4

Very Fine ]
11 18208,1 | 23411,2| 1,214 0,497 0,916 Poorly Sorted Mesokurtic
Skewed

Very Well Very Coarse Very

12 34006,1 | 34006,1| 0,044 | -1,431 | -0,692
Sorted Skewed Platykurtic
Very Well Very Coarse Very

13 18636,4 | 24004,6| 0,184 | -1,737 | -0,309
Sorted Skewed Platykurtic
Very Well Very Coarse Very

14 20897,5 | 28515,2 0,295 | -32,372| -0,03
Sorted Skewed Platykurtic
Very Well Very Coarse Very

15 14832 | 33274,8| -0,331 | -6,755 | -1,089 .
Sorted Skewed Platykurtic
Very Well Very Coarse Very

16 17317,8 | 32424,6| -0,223 | -7,722 | -0,309
Sorted Skewed Platykurtic
Very Well Very Coarse Very

17 14255,3 | 36049,2| -0,438 -7,02 0,59 .
Sorted Skewed Platykurtic
Very Well Very Coarse Very

18 15856,2 | 30552,1| 0,091 | -8,138 | -0,091 .
Sorted Skewed Platykurtic
Very Well Very Coarse )

19 16849 | 37765,3( -0,743 | -2,888 | 0,952 Mesokurtic
Sorted Skewed
Very Well Very Coarse Very

20 26199,9 | 34832,8( -0,462 | -3,011 | -1,527 )
Sorted Skewed Platykurtic
Very Well Very Coarse Very

21 251275 | 24956,7| 0,293 | -2,775 | -0,159 )
Sorted Skewed Platykurtic
Moderately ) )

22 18392,7 | 18434,6( 0,857 0,121 1,343 Fine Skewed Leptokurtic
Sorted
Very Well Very Coarse Extremely

23 14109,2 | 34015,4| -0,537 | -3,735 | 5,592
Sorted Skewed Leptokurtic
Very Well Very Coarse Very

24 18604,1 | 35175,8| -0,735 | -2,095 | -4,812
Sorted Skewed Platykurtic
Very Well Very Coarse Very

25 17928,1 | 18158,3| 0,336 | -2,053 | -0,334 )
Sorted Skewed Platykurtic
Very Well Very Coarse Very

26 15932,2 | 20342,6| 0,214 | -1,781 | -0,249 )
Sorted Skewed Platykurtic
Very Well Very Coarse Very

27 13614,1 | 33157,5| -1,257 -1,507 0,57 )
Sorted Skewed Platykurtic
Very Well Very Coarse Very

28 13772,2 | 43930,3| -0,93 -2,594 | 0,618
Sorted Skewed Platykurtic
Very Well Very Coarse Very

29 13697,9 | 19071,7| 0,215 | -3,306 | -0,138
Sorted Skewed Platykurtic
Moderately

30 28591,2 | 30622,5| 0,557 0,296 1,021 Fine Skewed Mesokurtic
Well Sorted
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Continuation ofTable 4

31 185955 | 19793,1| 1,039 0,281 1,403 Poorly Sorted Fine Skewed Leptokurtic
Moderately Very Fine Very
32 30204,4 | 31670 0,583 0,395 1,727 .
Well Sorted Skewed Leptokurtic
Moderately Very Fine
33 29429,9 | 31497,4| 0,508 0,554 0,983 Mesokurtic
Well Sorted Skewed
Very Well Very Coarse Very
34 25301,6 | 35095,1| -0,523 | -2,401 | -1,589
Sorted Skewed Platykurtic
Moderately Very Fine )
35 28807,7 | 32072,9| 0,597 1,59 1,155 Leptokurtic
Well Sorted Skewed
Moderately ) ]
36 22015,2 | 21549,7| 0,752 0,087 1,062 Symmetrical Mesokurtic
Sorted
Moderately Very Fine ]
37 26957,6 | 30088,8| 0,628 0,964 0,809 Platykurtic
Well Sorted Skewed
Very Well Very Fine Very
38 33635,8 | 33635,8| 0,249 1,492 0,38 .
Sorted Skewed Platykurtic
Moderately ) )
39 27264,1 | 29506,1| 0,599 0,288 0,871 Fine Skewed Platykurtic
Well Sorted
Very Coarse Very
40 18250,9 | 28807,2 0,4 -84,215( -0,01 Well Sorted )
Skewed Platykurtic
Very Well Very Coarse Very
41 19841,8 | 28931,5| 0,272 | -17,346| -0,053 )
Sorted Skewed Platykurtic
Very Well Very Coarse Very
42 18884,9 | 35063,9| -0,468 | -3,535 | -1,284
Sorted Skewed Platykurtic
Very Coarse Very
43 19862,8 | 28762,5| 0,377 | -12,632( -0,067 Well Sorted ]
Skewed Platykurtic
Moderately Very Fine Very
44 24205,1 | 30318,6| 0,691 2,219 0,48
Well Sorted Skewed Platykurtic
Very Well Very Coarse Very
45 29945,7 | 32399,6| 0,199 -3 -0,469 ]
Sorted Skewed Platykurtic
Moderately ) )
46 20832,2 20124 0,734 0,032 1,081 Symmetrical Mesokurtic
Sorted
Very Well Very Fine Very
a7 33315,4 | 33315,4| 0,293 0,855 0,57 )
Sorted Skewed Platykurtic
Very Well Very Coarse Very
48 30097,4 | 33076,1| 0,047 | -1,474 | -0,895
Sorted Skewed Platykurtic
Very Well Very Coarse Very
49 25353,7 | 34523,6| -0,448 | -3,595 | -1,465
Sorted Skewed Platykurtic
Very Well Very Coarse Very
50 13018,9 | 25863,6| -1,485 | -0,948 | 0,613
Sorted Skewed Platykurtic
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Continuation ofTable 4

Very Well Very Coarse Very
51 19184,9 | 37821 | -0,956 | -1,644 | 2,953 )
Sorted Skewed Leptokurtic
Very Well Very
52 30106,7 | 34348,9| -0,276 | -0,131 | -1,466 Coarse Skewed )
Sorted Platykurtic

In general the differencein mean between locations was statistically significant
(KruskalWallis test P =5.8e14). Themean ofCavawas different from the mean &veta
MarinaandZelenika 2(' X Q Q T VPW+0\W0W6,P 2,=0.0000) FurthermoreZelenika land
Zelenika 2 as well aZelerka 1andSveta Marinawerestatisticallydifferent(' XQ Q 1 VPWHV W
z=0.0000,P sy=0.0098).

Across different sampling siteed media differed significantly(KruskalWallis test
P =0.013 (Figure 16). Post+RF 'XQQMV WHVW VKR ZbfGvataKNakva WKH P}
statistically diffeed from the median of all othdocations(P cava=0.0054,P 2,=0.0039,P

22:0.0064).

Figure 16. Summary statistiandP value of KruskalWallis test for the median between locations
(Z1=Zelenika 1 Z2=Zelenika 3. The sze of the median anithe sizes of individuals ae expressed in

millimetres (mm).
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Additionally, the sorting index showed statistical differesdeetweenall locations
(KruskalWallis test;P =2.6e7). The sorting index oZelenika 2compared to theemaining
three locations was significanP (cava=0.0000,P s»=0.0081P ,=0.004Q and he sorting
index of Sveta Marinadiffered fromCava(P =0.0000)and Zelenika 2(P =0.0003, but not
betweenZelenika landCava The skewnesand kurtosidetween locationg/eresignificant
(KruskalWallis test P sk=2.9e14, P kg=0.044. As for the skewness, the pdgic (| XQQ TV
testrevealedhat locationsSveta MarinaZelenika landZelenika 2differ from Cavaand that
Zelenika 1statistically differs fromSveta Marinaand Zelenika 2(all P "0.05. Furthermore,
the kurtosis ofSveta MarinaGLIITHUV TURP WKH NXUWRVLV RdsttPrOO RWK|
cava=0.0206 P 7,=0.0145 P 7,=0.0235).

The orrelation betweerody size and all granulometric parametevras calculated.
The correlation between the size and the mf&gure 17) for G. adriaticawas partly and
negatively correlatedPearson's correlation coefficierR =0.35 andP =0.026 and no
correlation was detectefbr G. pigra (R =0.21, P =0.1). On the contrary, the positive
correlation between the size and the medigure 18) was not significant fofs. adriatica
(R =0.17,P =0.29), but it was foG. pigra(R =0.33 P =0.01). Interestinty, independenof

the speciegnost of the individuals were localised between the medi&0 aihd 35.
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Figure 17.Scatter plot showing correlation fdh size andyranulometrianean for both species with

their corresponding Pearson's correlation coefficientdavalues

Figure 18. Scatter plot showing correlation fiéh size andgranulometrianedian for both species

with their corresponding Pearson's correlation coeffisiandP values.
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The @rrelation between the size of the species and the sorting (Rdgxe 19) revealed
a similar picture like the mean. Hencbetsize ofG. adriaticawas significantly negatively
correlated with thesorting index(R =0.45 P =0.0037, but not forG. pigra (R =0.13,P
=0.31) Notably, sorting index values greater than 1 represepborly sorted sediment and
values smaller than 0.5 well sorted sedimentastly, the Eewness and kurtosis wenst
statistically correlated with eithés. adriaticaor G. pigra (P sw=0.51,P si;=0.44;P kg.=0.38,
P «kg=0.34).

(-)

Figure 19. Scatter plot showing correlation of size and sorting i@ for both species with their

corresponding Pearson's correlation coefficientsRaadlues.

5. DISCUSSION

5.1. Microhabitat niche partitioning in Gouania

For many cryptobenthic fiseethemicrohabitat niche pétioning wasa major diver of

their diversificatiorandthis can be likely linked to tlresmall size and their association to the
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benthos (Brandl et al. 2018)he small size enables these fishes to feed on a varigepf

items and inhabit small spatial niches, inaccessible fgetdishes (Brandl et al. 2018)he

results ofthe analysisof total length forspeciesG. pigra and G. adriatica matched the
records from literature (Wagner et al. 202Bevertheless, unexpectedly large specimens
were recorded iZelenika 1and?2, with lengthsin both speciegxceedingo0 mm. Most of

these individuals were malds. clingfishes males tend to have larger and more bulky body
shapes (particularly in the head region) compared to females (Briggs 1955) and this holds true
for Gouaniaas well (Hofrichter 1995).Due to thesimultaneougnating seasonsnaoverlap
between the tengpal niches most likely causesgration of themalestowards larger pebbles

in search for suitablenating spat (own observation;* RQFo D O Y HV )HAEo, In@les
presumablyguard the nest®wn observation)which isa form of parental carthathas been
previously observed in oth&obiesocidae speci€€oleman1999; * RQFoDOYHV ;HW DO
Piresand Gibran 2011). The rests ofG. pigraare located in thepper layer of the pebbles
whereasthe G. adriatica | Wiess are locatedin the deeper areg®wn observation Future

studies on the territoriality and breeding ecolagg needed for better understandingrafse

newly described species.

Overall, he examinationof speciesoccurrence showed thabn thelocationsZelenika 2
andZelenika 1 almost the sameumberof individualsof Adriatic bluntsnouted clingfish and
piglet suckemwere caughtFromthe total of 101 specimens47 originatedfrom Zelenika 2
which amountgo 47% of the whole sample and 30% of all samples were frafelenika 1
Hence, i seems that these locatiom®uld provide clearer, more accuratenderstanding of
specieshabitat preferencesompared t@v. MarinaandCava bayln the case of microhabitat
partitioning of Luciogobius which inhabitsa similar environment a&ouaniag the habitat
preferences of different species were associatedtigthumber of vertebra arttiebody size
(Yamadh et al. 2009).Therefore similar to the phenotypeenvironment correlationn
Luciogobius we would expect thagtoutbodiedG. adriaticg which has a lower number of
vertebrae (35)should prefer coarser gravel, whereas sleroedied G. pigra with large
number of vertebrae (388) shouldprefer finer gravelEven thoughthe comparison othe
total relative mass of five sieve fractions betwé&radriaticaandG. pigradid notreveal a
clear partitioning of microhabitats Further investigationsfor each location showethat in
Zelenika 2 G. pigrapreferredsediment with graisizes of fractior2.5 andlessof 1.3 (which
staysin contrast tahe observed patterns . adriaticg (Figure 12). This ould be a weak
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signal of niche partitioning betweehe two investigated species. However, based on the
datapresented in this thesis, a large overlap in niche space in the still is visible.

One putative explanation of this pattern could be the different size classislengths)
sampled for each species. Therefore, aadylt individuals larger 40nm and 45mm in
length were additionally analysed While the comparison ofhe relative mass betweethe
individuals larger than 40nm revealedno statistically significant resgltand displayeda
niche overlapthe dataset for onl#5 mm large individuals revealed niche partitioning in the
largest fraction Figure 15). Further analyses including correlations of body length and
granulometrigparameterslso indicate two major trajectes for both specied=(gure 17 and
19). According to this, juvenile (i.e. smalle@. adriatica share simar sorting index and
meangranulometricparametersvith G. pigra (thatshow almost no gravel size dependency).
Hence, ontogenetic shifts {&. adriatica from juveniles living in finer gravelsto adults that
inhabit larger stonescan be a likely explanation for thig\lso, in other Mediterranean
clingfishes an ontogenetic shift in microhabitat preferences leen previously observed
(* R Q F o D OaY. 200 HANove all, this is supported by the overall different size classes
sampled for each species. Aason forthe overrepresentation of juveniles @ adriatica
could bethat the ampling methods biased toward finer gravelEven though the bucke
modifications facilitated pulling trough the gravel, sampling was physically challenging and
sometimes impossible in aseaf very coarse gravel and bouldefsirther analysis is needed
to determine more detailed and distinct microhabitat niche pantigomhich shouldconsider

sample areas with larger stones like boulders

Furthermore, in this stugdyhe only variable used to evaluate the species association with
benthos was the mass of the sediment and paranogtaised from it. The fact thatGouania
occupesthe space between the rocks wasaamsideredNevertheless, it is evidetitat both
species live in théoreshore of the beach composed of gravel and cobbles, which provides
them with enouly interstitialspace to live inln addition to their stationargenthic lifestyle
they display amphibious emergence behaviowhich is mostly likely associated with
fluctuations of tidal leve{Hofrichter and Patzner 200@rd and Cooke 2016; Wagner et al.
2020). Furtlermore,Gouaniaprobably usesit-andwait technique to feed on small benthic or
planktoniccrustaceanswhich is exhibitedn the clingfishGobiesox barbatuluStarks, 1913
that inhabits similar environmentBi(esandGibran2011). BecaussympatricGouana differ
in their morphology, size and microhabitat preferences, it is probable that integration of

dietary and environmental factors waand additionaldriver that allowed ecological
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differentiation (Brandl et al. 2020)The macrofaunan the investigateghebblebeacheavas

mainly made up of small amphipods and lager snails (own observation). Hence, it is to be
expected that in syntopy differe@ouaniaspecies feed opportunistically on the same food
items and do not show a clear prefere. This has been observed previqusllereas
Mediterranearclingfishesinhabiting rocky environmentieed on a variety of prey which is
prevailing in the particular environmegtiofrichter 1995;Trkov and Lipej 2019)However,
multiple combined approaes in the future will provida better insight on the ecology of

species

5.2. Geology as a proxy for species occurrence?

The pinciple component analysis atlie relative mass analysis showed tliatee largest
fractionsplay in parta role inthe microhabitatniche partitioningof sympatricGouania but
these association are strongly correlated with body length. Hércsize of both speciesan
be correlatedvith severaldifferent granulometric parametefsee above)Accordingly, he
size of G. adriatica hasan inverseconnectionwith the granulometric parameteragan and
sorting. The smaller specimens ®f. adriaticacan be found irmoderatelysarted sedimets
and in the sedimesiith a biggermean.ln comparisonlargerG. adriaticacan befound in
very well sorted sedimesiindin sedimens with a smaller meanTo better understand the
nature ofthe granulometric parameters and sieeof the speciesit is worth mentioning that
sorting dependson grain size but alsoon the sedimenttransport mechanicand hydraulic
factors(McLean and Kirk 1969)A better sorted sediment can be associated with sand
and gravelas well assediment transport by water (McLean and Kirk 19&Xaveltends to
move crossshore whereas and usually moes longshore(Ciavola and Castiglione 2009).
Moreover it is worth noting that 97% othe sediment was gravel and the rest was sand, so
when GLVFXVVLQJDXY® DOOMYUite arePakiDgQabout the size mge of the
gravel RegardingG. pigra, anincreasein total lengthwas associatedvith an increase in
sediment median, whiotonfirms theremarks made in thigeld. However, t shouldbe noted
that themesh sizeandthe sievesusedin this study were notstandardised sieves that are used
for gedogical sieve analysisTherefore it is not possible to compare these resuiith
granulometric parameters for beachdstainedfrom geological sieve analysis.
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5.3. Anthropogenic habitat alterations and specieshreats

On the global scale, coastal zones and their environments are rapidly changing, mainly

due to anthropogenictivities such asdustry, urbanizatio andtourism and global climate
changes SLNHOM DQG .-Xhd RBésteiin Adriatic coast represente @f the most
rapidly growing tourist marketsn the Mediterranean, with beaches as leadiogrism
resource (3SLNHOM D Q G )-Bdadhgshra only5% of the total length of the eastern
Adriatic coast and their small proportidnghlights their valte in the touristvalorisation

SLNHOM DQG -TKe&JDr¢miidan part of the eastern Adriatic coast is characterised as a
drowned karstic coast, with gravel pocket beaches in carbonates or mixed sand gravel beaches
IRUPHG LQ IO\WFK URFN DV YVHR&GQ,ROLH) \GouzahidiHppesenDnyG - XUDp

onthesetypes ofsmall and scattered beaches

Gouaniainhabits a highly energetienvirorment where waves and tideme predominant
natural factorsbut the growing anthropogenic pressure is changthgse dynamicéwWagner
et al. 2019) In autumn when sampling occurredhere were still somewsmmers and
sunbathers present, as well as in spring whesxdminedthe beaches fompresenceof
Gouania This shows that these beaches areamdy XVHG GXULQJ WBWRQWNR EX MV
throughout the whole yearFurthermore in late spring202Q excavatorswere seen
transferring the gravel frorthe backshore to the foreshatAmbrela Beach This beach is
one of the most visited beaches in Patal homeo G. pigra, which was notfound there in
the next few days after this event had taken place. What happeribd piglet suckes is
unknown Perhaps they moved deeper inshag they presumably do during low ti¢evn
observation)In addition, beach nourishment poses @agithreat to both specianpst likely
greater that gravel translocation mentioned before. Given that these species live in the
interstitial space of gravel beaches, adding sand will result in fillirsgiterstitial space and
it will probably have lethl consequences foine endemicG. adriatica andG. pigra (Naqvi
andPullen1982 Speybroeck et al. 2006 D U Q20D Even f they manageto escape the
massive amount of sand that is pumped into the belaelHoss oprey anda suitable habitat
for re-colonisationwould presentadditional threat§Speybroeck et al. 2006The effect of
beachmodification on these species is yet to be studied, but ihacedoubtthatit will have
a negative impaciThe habitat ofG. willdenowi whose range Isachanged tdhe western part
of the Mediterranearexclusively andthe biocenosis of infralittoral gravelare protected by

Regulation of habitat tyes, habitat maps, threatened and

34



rare habitat types and measures for the conservation of habitat (\Wsedne novine
88/2014) Thereforethe habitat of the piglet sucker atite Adriatic bluntsnouted clingfish
is protected as well and should be retained in a favourable state of consemttioninimal

further degradation.

6. CONCLUSION

Based on theesultsobtainedin this studyfrom thecomparison othetotal body length,
therelative massegf the sedimerstandthesieve analysid can concludehat:

X The niches of5. adriaticaandG. pigramostly overlapput with an increase in
body size the pecies showcase a niclpartitioning in the largest sediment
fractions.

X The sze of the species plays a great roleclhmosing a suitable microhabitat,
along with several different granulometric parameters.

x Preferred habitats of both species dmminantly gravel beaches with low
amount of sand.

x The sampling methoghowed to be inadequate in some casestasttbuldbe

improved.

The results gained from thggudycan be used as a guideline for future researchesith
two species. Better knowledgabout the microhabitat nichepartitioning and habitat
preference®f the sympatricoccurring Gouaniaspecieswill help with their possible future
protection andnonitoring, highlighting the importance obnservation of suitable habitdts

only strictly Adriatic endemic fish spees,G. pigra.
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