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SIZE-WEIGHT CHARACTERISTICS, GENDER STRUCTURE AND D ENSITY OF RAPANA
VENOSA (VALENCIENNES, 1846) POPULATION IN VARNA BAY

Antoaneta Trayanova

PASMEPHO-TEI'JIOBHU XAPAKTEPUCTHUKH, ITIOJTOBA CTPYKTYPA U IIVIBTHOCT
HA TIOITYJIALIUSITA HA RAPANA VENOSA (VALENCIENNES, 1846) BbB BAPHEHCKHU
3AJINB

Amntoanera TpasiHoBa

Pesiome. Pazmepvm, meanomo, nonogama WNpUHAONEICHOCI U WNIBMHOCMMA HA UHOUBUOUME €A GANCHU
Xapakmepucmuku, 0a8auju UHPOpMayus 3a CoCMOAHUEMO HA NONYIAYUAMA HA 0AOEH GUO.
H3zcneosanu ca obwo 278 unousudoa om euoa Rapana VEN0S@&o ommuouteHue Ha mexHus pasmep, meano u noj npe3
ecenma Ha 2015 e. u namomo na 2016 e. Pesyimamume noxazeam, ue cpeOHAmMa NAGMHOCM HA NONYAAYUAMA HA
pananama e 14 und .m® kamo noxaseéa no-eucoxa cmoiinocm npes namomo na 20162. 6 cpagnenue ¢ ecenma na 20152..
Cpeonume cmouHoCmu HA pasMepHO-me2n08HUme XapaKkmepucmuKky ca Kakmo ciedsa. OvidcuHa Ha uyepynkama - 5.89
cem, wupuna Ha yepynkama - 4.50 cu, 0bwo meeno - 35.05ep, meeno na wepynkama - 20.922p u meeno na msanomo —
13.93ep. XKenckume unousuou nHa pananama ca nO-MaiKi U NO-1eKU O MbIUCKUME KAMO Pa3IuKama e Cmamucmuyecku
suauuma (t-test, P <0.05).Yecmomama na pasnpedenenue cnoped OvIJiCUHAMA HA YePYNKAMA NOKA368d, Y€ OOMUHUPAM
uHOUBUOUMe om pazmepen kiac 5-6 cm kamo ce HabMOOABA CMAMUCTIUYECKU 3HAYUMA PA3TUKA 8 PA3NPEOeNeHUenO Ha
MBIUCKUME U JiCEHCKUme ek3emMniapu. B uecmomama na pasnpedenenue cnoped o0uomo meano 0OMUHUPAmM UHOUSUOUME
om pasmepen knac 20-30ep, cnedsanu om mesu om pasmepen kiac 30-40ep. Yemanosena e cmamucmuuecku sHavuma
paznuka Mesxcoy meeiogHOMO pasnpedeiieHue Ha dceHckume u mwvoickume exzemniapu (t-test, P <0.05).Bpwsxkama
pazmep-mezio e W=0.11413* (R=0.923), kamo koeduyuenma na anomempus nokazea nono’cumeneH anomMempuyen
pacmedic eanuden u 3a osama nona (b>3). Koeduyuenmom na oxpanenocm no @ynmon (K) eapupa mesxncoy 2.33u 9.20
cve cpeona cmotinoc 6.44. Ilonosama npunadnexlcHocm Ha UHOUBUOUME NOKA36d, Ye NPOYEeHMHUMe O5108e HA MbICKUME
u acernckume unousuou ca 49.3 %u 50.7 Y%ocvomeemno kamo cvomuouteHuemo mexucoy nojioseme He ce paiuyasda om
cmamucmuuecku ouaxéanomo 1:1 (¢* = 0.058, P > 0.05).

Knrouoeu dymu: mopcka buonozus, benmoc, ungasusHu suooge, Rapana venosagnyiayuonnu napamempu,
DpasmepHo-me2No8Ho pasnpeodenenue, Bapnencku 3anug.

INTRODUCTION

The native worldwide distribution dapana venosacludes the temperate Sea of Japan, the
Yellow Sea, the Bohai Sea, the East China Sea twahain the south, and Peter the Great Bay off
Vladivostok in the north (Mann & Harding, 2003). i@ntly, there are five known geographic regions
containing reproducing populations Rf venosahat are distinct from the native (Asian) popuati
(ICES, 2004). These are the Black Sea, the Adriatid Aegean Seas, Chesapeake Bay in the
northwest Atlantic, the Rio de la Plata Estuaryhe southwest Atlantic, and the coast of Brittamy i
France in the northeast Atlantic (ICES, 2004). ltedirecords have also been made on the Pacific
coast of Canada and in Willapa Bay, Washington, USRAere this species is not considered to be
established (Mann & Harding, 2003).

Rapana venos# an invasive species for the Black Sea listedragrthe 100 of the ‘worst
invaiders’ in the Mediterranean (Streftaris & Ze®t2006). It was accidentally introduced into Rlac
Sea in 1946 with the first record in NovorossiyskyBDrapkin, 1963). First record along Bulgarian
coasts is made by Kaneva-Abadjieva in 1956 in V&agp near cape Galata at depth 4-5 m on rocks
(Kaneva-Abadjieva, 1958). It has a high ecologftakss as evidenced by its high fecundity, early
sexual maturity (Chunget al., 2002; Saglam & Duzgunes, 2007), longevity, fasbwgh rate
(Chukhchin, 1961; Harding & Mann, 1999), broad takee to salinity, temperatures, water pollution
and oxygen deficiency (Zolotarev, 1996; Mann & Hag] 2003), generalist predator of subtidal
mollusks usually feeds on bivalves (Harding & Mai899; Saviniet al., 2004), giving it all the
characteristics of a successful invader. Its estatnlent in the Black Sea appeared to be facilithted
the general lack of competition for the food souarsl a lack of direct predation on Rapana by
predators and an abundance of potential prey sp&éodotarev, 1996; ICES, 2004).
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Rapana venosaas become established in the Black Sea with fsignt damage to native
benthos (e.g. bivalves; notallDstrea edulis, Pecten ponticaadMytilus galloprovinciali$ (Mann &
Harding, 2003). It has occupied an empty ecologiaaie exerting a significant predatory pressure on
the indigenous malacofauna. Impact on bivalve patparis is variable ranging from rather mild along
the Romanian coast, moderate in Bulgarian and $hrBlack Sea, and severe along Russian and
Ukrainian coasts where this species has been bldoretbcal extermination/major decline of a
number of bivalves (BSEPR, 2007). lllegal bottorawding for harvesting oR. venosaalong the
Black Sea shelf has raised ecological concerns negpect to the benthic communities and especially
the mussel beds (Knudsenal.,2010; Ulmaret al.,2013).

MATERIAL AND METHODS

The study was carried out in the coastal area ®fWestern Black Sea - Varna Bay, in the
vicinity of Karantinata. Rapana whelks were capduneonthly in autumn of 2015 and summer of
2016 by diver who picked up all individuals witharframe with size 1 f A total of 20 frames were
sampled. The sediment in the study area was sartltha depth ranged from 5 to 6.5 m (Table 1).

Table 1. Date and number of frames, coordinateddapth of samples.

Date — frame Depth (m) Latitude Longitude
09.2015-1,2,3 5.6 43°10.646’ 27°55.749
10.2015-1,2,3 6 43°10.616’ 27°55.822
11.2015-1,2,3 6.5 43°10.645’ 27°55.944

06.2016 - 1,2,3,4,5 5.5 43°10.578’ 27°55.929
07.2016 - 1,2,3 5 43°10.591’ 27°55.923
08.2016 - 1,2,3 5 43°10.615’ 27°55.900’

In the laboratory shell length and shell width atle specimen were measured with a vernier
calliper to the nearest 0.01 mm. Shell length wassured from the apex to the end of the siphonal
canal. Total weight, shell weight and shell-freelypaveight were estimated to the nearest 0.01 g with
a balance. A total of 278 specimens have been mexhsund weighted. The sex of each whelk was
identified based on the color of the gonad andotiesence/absence of penis.

Two tailed t-test was applied to assess if theetiiices between the biological parameters
were statistically significant.

The length—weight relationships were determinedgiglie equation W = a’l{Le Cren, 1951;
Pauly, 1980; Erkoyuncu, 1995). Relationship betwieniength and the weight was examined by the
simple linear regression analysis. Fulton’s conditiactor was calculated B§=100 (W/L), where L
is the total shell length (cm) and W is the bodyghie(g) (Le Cren, 1951; Bagenal, 1978; Sparre &
Venema, 1992; Erkoyuncu, 1995).

The sex ratio was tested byy2a-test. A significance level of 0.05 was consideireall the
statistical tests applied in this study.

RESULTS AND DISCUSSION

Morphometric variables of Rapa whelk individuals

The results showed that the mean densityRofvenosapopulation was 14 ind.fwith a
minimum of 7 ind.rf and a maximum of 33 ind:fn The mean density was higher in the summer of
2016 (17 ind.nf) compared to autumn 2015 (10 indyrand the difference was considered to be
statistically significant (t - test, P < 0.05).

The mean values of each morphometric variable miafes and males, and of all individuals
are presented in Table 2.

The length of the shell ranged from 1.74 cm to 7c&® Larger shell length ranges were
reported for North Atlantic- USA (10.3-14.9 cm) (idang &Mann, 1999), for Adriatic Sea (10.1-10.6
cm) (Saviniet al., 2004), for Argentina-Uruguay (2.8-12.0 cm) (Giloegt al., 2006) and for Korea
(3.88-14.06 cm) (Choi & Ryu, 2009) than the Blacdkapecimens (3.5-8.0 cm) (Bondarev, 2014).
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The results of the present study were comparalilettwose estimated by Saglam & Duzgunesh, 2014
in the south-eastern Black Sea (1.4-9.6 cm).

In the Black Sea, there is a significant decreasaverage length of captured individuals by
time (Daskalov & Ratz, 2011). For example, the mieagth recorded in 1986 was 11.0 cm (Unsal,
1989), in 1991 - 6.7 cm, in 1992 - 6.5 cm (DUzgieteal.,1992), in 1999 - 5.4 cm (Emiral, 2003), in
2003 - 4.5 cm (Zengin, 2006) and in 2004 - 4.46(8ahinet al.,2005). In this study the mean length
was 5.89 cm (Table 2).

The possible reasons of the decrease in mean |gngjtited out by Daskalov and Rétz, 2011
are: (1) the overexploitation of larger length grewue to high demand for market and export; (@) th
reduction of natural food sources as a result hse Rapa whelk predation and consequential poor
feeding.

The mean width of the shell was 4.50 cm and vdriaah 1.09 cm to 6.33 cm. The mean total
weight was 35.05 g and ranged from 0.60 g to 94,8he mean weight of the shell was 20.92 g with
a range of variation from 0.47 g to 73.46 g, arelitiean body weight - 13.93 g with a minimum of
0.12 g and a maximum of 42.48 g (Table 2). The sialvhelk was found in November 2015 — 1.74
cm shell length, 0.60 g total weight and 0.12 gybaeight. The largest whelk was registered in July
2016 — 6.33 cm shell length, 82.58 g total weigit 42.48 g body weight.

The mean values of all size-weight characterigifasdividuals were higher in the summer of
2016 compared to those established in the autum0&b (Table 3) and the difference was
considered to be statistically significant (t —tés& 0.05).

Table 2. Values of morphometric variables of fersateale and all individuals (meanzstandard
deviation, min-max of all individuals).

Females Males All Min-Max
Shell length (cm) 4.32+0.58 4.68+0.64 5.89+0.73 1.74-7.98
Shell width (cm) 5.69+0.68 6.10+0.73 4.50+0.64 1.09-6.33
Total weight (g) 31.15+10.69  39.07£15.84 35.05+14.03 0.60-91.61
Shell weight (g) 18.9046.59 22.99+10.11 20.92+8.74 0.47-73.46
Body weight (g) 12.10+4.55 15.82+6.64  13.9315.98 0.12-42.48

Table 3. Mean values &. venosaize-weight characteristics (meanztstandard deviati

2015 2016
Shell length (cm) 5.77+0.78 5.95+0.70
Shell width (cm) 4.35+0.69 4.57+0.60
Total weight (g) 30.80+14.33  37.05+13.46
Shell weight (g) 19.48+£10.04  21.59+7.99
Body weight (g) 11.04+4.87 15.29+5.96

Shell length of females ranged from 1.74 cm to €®dand total weight from 0.60 g to 63.65
g. Males were larger and heavier — shell lengthedabetween 4.43 cm to 7.98 cm and total weight
from 10.85 g to 91.61 g. Female whelks were sigaiftly smaller and lighter than males (t-test, P<
0.05).

Length frequency distribution

Length frequency distribution showed that the mgjoof the population in both sampled
years was composed by the individuals of size da@sm similar to the distribution found by Aydin
et al., 2016. In the autumn of 2015 the dominating sizsslwas 5-6 cm (56.2 %) followed by
individuals falling into size class 6-7 cm (30.3.9%) the summer of 2016 the length frequency
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distribution was analogous but the percentagesizd slasses 5-6 cm and 6-7 cm were more
comparable — 45.5 % and 40.7 % respectively (Figure

The size structure of the sampled population adegrb the shell length of females and males
is presented in the Figure 2. The length frequeatisiribution differed significantly between females
and males (t-test, P<0.05). Females with shell trerigf6 cm expressed the highest frequency
(61.0 %), while males are dominated by the largdividuals — 6-7 cm (47.4 %).
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01 12 23 34 45 56 67 7-8
Size class (cm)
Fig. 1. Length frequency distribution by years.
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Fig. 2. Length frequency distribution of female andle individuals by years.

Weight frequency distribution

Frequency distribution of individuals according ttee weight is given in Figure 3. The
distribution showed that in both sampled yearsviddials of size class 20-30 g dominated with
34.8 % in 2015 and 29.1 % in 2006 in the populasiwacture, followed by those of the size class 30-
40 g — 23.6 % in 2015 and 26.5 % in 2016.

The size structure of the sampled population adegrtb the total weight of females and
males is presented in the Figure 4. The lengthuraqy distribution differed significantly between
females and males (t-test, P<0.05). Females warendbed by individuals with total weight between
20 g and 30 g (36.2 %) while males expressed tvakgpsharing almost equal percentage shares of
size classes 20-30 g and 40-50 g — 25.5 % and%@4€ekpectively (Figure 4).
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Fig. 3. Weight frequency distribution years.
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Fig. 4. Weight frequency distribution of female andle individuals by years.

Length - weight relationship

Length-weight relationship was found to be W=0.1%#f (R°=0.923) for all individuals
(Figure 5). The length-weight relationships showeditive allometric growth (b =3.194). A positive
allometric relationship was also found in otherdsts in different areas - Adriatic (b=3.21) (Saehi
al., 2004), the Rio de la Plata estuary, Argentina-Uayg(b=3.39) (Gibertet al.,2006) and the west
sea of Korea (b=3.21) (Choi & Ryu, 2009).

Allometric analyses of length — weight relationskipwed that the slope (b) was significantly
different from 3 (t-test, P<0.05) in both femalexlanales, indicating a positive allometric growth
pattern for both sexes{Raes3.155, Figure 6; kes3.267, Figure 7). The results from the present
study are comparable with the values of b estimbye8Saglam and Duzgunesh, 2014.

The Fulton’s coefficient of condition factor (K) nad between 2.33 and 9.20, and the average
K of population was 6.44 £ 1.2 SD.
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Gender structure
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From the 278 specimens &. venosa50.7 % were females and 49.3 % were males. The
overall sex ratio did not differ statistically from1 ratio §* = 0.058, P > 0.05). The observed seasonal
and monthly sex ratio of Rapa whelk population mhag sandy sediments of Varna Bay was 1:1 in
all cases.
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