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‘A peculiarity of some Black Sea benthic
animals is the extremely high biofiltration
rate. 3 e n x e B u 4 (1947) focuses on the
significance of mussels in sea water circu-
lation processes, the most important being the
species Mytilus galloprovincialis occupyig the
littoral zone as a ring-shaped strip. According
to the same author this powerful biofilter is
of enormous capacity with direct impact on
Black Sea coastal waters.

The first investigations along the Bulgarian
coast figure out a total mussel (Mytilus
galloprovincialis) biomass of 100000 t (H e -
yaesn, YepHesn, 1938) and later on K »-
Hesa -AbGagxuesaand Mapu-
H o B (1967) — 300 Q00 t. There is enough
evidence now that the mussel natural
resources have suffered serios changes as a
result of the mass devepolment and distri-
bution of their predator Rapana thomasiana
during the early forties. Registered for the
first time in Novorosiysky Bay in 1946
(I pamnmxkiuwu 1953) it has spread along
Kavkaz coast (M B an o, 1961a, 1962; Yy
X 4K N, 1961), Crimea (Bop o HIoB, 1954)
along the north-western Black Sea coast
(H B aHos, 1961b) down to the Bulgarian
coast(ABanwuena— KbHesna, 1957)
and Turkey (Fisher, 1960). In some regions
of high Rapana thomasiana density along ICC
coast it has already been registered areas of
_ totaly destroyed oyster banks and areas of

seriously reduced both oyster and mussel
natural resources.

Acording to Mapuwor (1978) in compa-
rison with 1967 the mussel abundance along
the Bulgarian Black Sea shelf has undergone
about 10 fold reduction the main reason being
the R. thomasiana invasion together with the
oxygen defficiency at the bottom layers in the
post blooming periods. As it is known up to
now the exploration of mussel natural reso-
urces along the Bulgarian shelf were aimed to
study the opportunities for commercial explo-
itation. The present high level of eutrophi-
cation and pollution resulting in a disturbance
of the biological equilibrium in some eco-
systems stress the necessity of clarifying the
mussel patural resources in relation to R.
thomasiana stock abundance, distribution and
size composition. The latter being the first
goal and the second — to establish the main
trends in the evolution of predator/pray rela-
tionship, a serie of investigations have been
undertaken located in one of the most impor-
tant for commercial catch region — e.g. be-
tween Cape Kaliakra and Varna.

Material and methods. The results are based on
55 dredging operations of 15 min. each in June (14, 15
and 16th) 1984 on board of RV ,Proff. Al. Valkanov".
Mussel abundance is estimated in kg per dredge (afiera
prefiminary test one plastic box of mussels is considered
20 kg) and R. thomasiana density — in exemplars per
dredge. In order to make the results comparable to
former investigations (M a p 1 1 o g, 1978) the following
standart groups were outlined: for mussels — up to 100
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kg (per dredge), from 100 to 200 kg (per dredge) and
from 200 to 400 kg (per dredge)} and for R. thomasiana
— up to 100 exemplars {per dredge), from 100 to 1000
exemplars {per dredge) and over 1000 exemplars (per
dredfie) respectively. The size composition was
measured on board on 10 mussel and 4 R. thomasiana
samples of 100 exemplars each. Three musse! sampies
were processed in laboratory for weight measurments
and quantifying the shell:meat:intervalval liquid ratio.

Results and discussion. From a total
number of 55 dredges 8 were empty, in 17 —
only R. thomasiana, in 12 — only mussels and
in the rest 18 — both R. thomasiana and
mussels were registered. The highest
abundance of both species was established in
the homogeneous monospecies catches — up
to 400 kg per dredge and 1720 exemplars per
dredge respective]ly'. The mussel dredges are
dominated by the lowest standart group
catches — up to 100 kg. They comprise 67%
of the total dredges with mussels registered
in them of mean value — 32,5 kg. In 20% of
the dredges the weight varies between 100
and 200 kg (on average 142 kg) and only in
13% - from 200 to 400 kg (mean 262 kg)
(Fig.9-a).
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Fig.1. Mussels (kg per dredge) and Rapana thoma-
siana {(cxeplars per dredge} distribution with depth
increase (m)
a — overall dredge average valug; b — in the
homogeneous mussel caiches; ¢ — in the homogeneous

R.thomasiana catches; / — mussels; 2 — R. thomarsiana
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The quantitative R. thomasigna catches
assesment reveal that they are dominated by
the middle abundance group catches — in
60% their number is between 100 and 1000
exemplars (on average 490 exemplars). In
about 26% of the dredges they amount to less
than 100 exemplars (mean abundance .33
exemplars) and in 14% — to over 1000

exemplars (mean value 1334 exemplars)
(Fig.9-b). .

It has been established that the shallowest
stations (10 m) are dominated mainly by R.
thomasiana increasing its density towards 13-
15 m depth with maximum abundance at 14
m isobath and decreasing towards 18-19 m
depth up to total extinction in the deepest off-
shore horizons (Fig.1)
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Fig.2. A scheme of mussel nalural resources
quantitative characteristic and distribution in the
region investigated

[ — up to 100 kg per dredge; 2 — from 100 to 200
kg per dredge; 3 — from 200 {o 400 kg per dredge

Mussel abundance at 12 to 19 m depth
varies almost in inverse proportion to that of
R. thomasiana with relatively high values at
13, 16 m {the depth where the highest density
of 400 kg is registered) and 19 m. With the
increase in depth along with the R. thoma-
siana predator press decrease a progressive
restoration of mussel population is obvious —
from a minimum value (20 kg) at 24 and 33
m up to 100 kg at 40 m depth (Fig.1). It is
necessary to explain that the depths pointed
in this figure (24, 28, 33, 40 and 43 m) are in
fact estimated as a mean between the initial
and final depths, e.g. the dredging covers
areas with progressively increasing depths be-
tween 17 to 40 —50 m but nevertheless no R.
thomasiana was registered in the catches.

The mussel field between Balchick and
Varna proves to be the best preserved and of
highest mussel abundance (Fig.2). In this
shallowest part near the shore (15 m depth,
st. 20) the density of mussels is relatively high
(240 kg). As it is typical for the predator (594
exemplars, Fig.3 and 4) to prefer the large size

* As all data (kg — for mussels and exemplars — for R. thomasiana) are given per dredge, only kg and

exemplars will be marked in the text.



exemplars, even to pray on mussels often
exceedipg its ownsize(Msanos Py-

n e u ¥ o, 1969) the mussel population is
dominated by small-size individuals of 20 to
40 mm (mean lenght 31,7 mm). In the north-
eastern part of the bank (16-17 m depth) the
mussel abundance decreases to 40 kg. In
some cases (5t.22) the small number of the
pray coincides with a small density of the
predator (12 exemplars) while in others (st. 7)
— the same mussel quantity is registered
together with a high R. thomasiana abun-
dance (898 exempiars). The main share in the
size composition of mussels in the first case
is presented by large-size individuals (40-60
mm} resulting in a comparatively high mean
lenght — 46,3 mm, while in the population

Balchick
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Fig.3. A scheme of R. thomasiana nalural resources
quantitative characteristic and distribution in the re-
gion investigated

! — wup to 100 exemplars per dredge; 2 — from
100 to 1000 exemplars per dredge; 3 — over 1000
exemplars per dredge

under the predator press the average lenght
is 35,6 mm, dominated by individuals of 30-
40 mm size group. The mean R. thomasiana
lenght is 74,15 mm (Fig.4). In the southern
part of the mussel bank (st. /7 and 30) another
type of predator/pray abundance ratio is
registered — in both stations the mussels are
of relatively high biomass (220 and 160 kg
respectively) while the R. thomasiana density
in the st. /7 is high (604 exemplars) but in the
st. 30 — very low (only 6 exemplars). Again
the predator mass development (mean lenght
68,5 mm) is the reason responsible for the
absence of large-size mussels (40-60 mm) at
st. /7 and mere abundance — for their
presence at st. 30 (mean lenght 43,8 mm)
(Fig. 4).

The bank located in the most southern part
of the region being at the same time the
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Fig.4. Size composition of mussclts (/Y and R. tho-

rmuasigrd (2) populalions in the bank localed between
Balchick and Varna

deepest one, takes the second place
considering the mean overall dredge biomass
(Fig.2). The depth increases from 15 to 40 m
to the east, the highest mussel abundance in
the dredges being registered at the centrat
part of the field, where R. thomasiana is found
only in one station with a low number (56
exemplars) (Fig. 3).

At Cape Kaliakra the shallow coastal zone
to northeast is very density inhabited by R.
thomasiana , reaching its maximal value (st.
13, Fig. 3) of e mean lenght 70,7 mm (Fig. 5).
The field in the deeper paris of the region is
of average biomass 60 kg and is inhabited by
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a mussel population of lowest mean lenght —
26.9 mm (st. 38, Fig. 2). The relatively high
percent of young exemptars (10-18 mm) in
- the size composidon give greund to consider
this an indicator of mussel recovering after
the R. thomasiana invasion in the previous
years {Fig. 6). . 0
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Fig.5. R. thomasianu population size coriposition
from the ficld of maximal density (1720 exciplars per
dredge)

I3 5638

Fig.6. Sive composition of mussels from Cape
Kaliakra bank

The bank located between Baichick and
Cape Kaliakra is of lowest mussel biomass
(average 51 kg) being tally with R. thomasiana
bank of highest density (601 exemplars), The
mussel mean lenght does exceed 34-38 mm
even at the deeper stations (st. 2 and /3)
where the predator is very rare (48-61 exem-
plars) (Fig. 2 and 3). The large-size mussels
(40-60 mm) are merely present but in com-
parison with that part of the population inba-
biting the field between Balchick and Varna
they are of greater share (Fig. 7). Possibly it
can be related to the fact that in the former
investigations (M apuH onB W ap., 1976)
here the highest mussel biomass has been
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registered thus supporting the survival of a
part of the population overriding the predator
press,

The individual weight and yield of mussels
depend mainly on their size. So at st. 7 where
no exemplars of lenght over 50 mm are found
mean individual weight is low — 4,3 g while
at st. 115 it increases up to 6,0 g (Fig. 4 and
7). The yield variation trend is inverse to that
of the weight: it is higher for the small-size
mussels, e.g. 21,8% (row meat) at st. /5 and
24,5% at st. 7 respectively,

The comparison between the present data
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Fig.8. Share of homogenecus and heterogencous
(mussels and R. thomasiana) catches according to 1976
and 1984 data

! = mussels only, 2 — R. thomasiana only; 3 —
mussels and R. thomasiana

and that of M a p w 1 0 B w zp. (1976) for the
same region reveal that on one hand the per-
centage share of the homogeneocus mussel
catches has increased mainly on the acount
of a corresponding increase of the homoge-
neous R. thomasiaha catches (Fig. 8). on the
other hand considering the percentage share
of the catches with different quantitative
characteristics (e.g. the main standart groups)
totaly opportunistic trends are outlined for
the mussels: in 1976 prevail the higher hio-
mass catches, while in 1984 — the tower (Fig.
9-a). At the same time the R. thomasiana
catches are dominated by the mean abun-
dance standart group in both periods despite
the fact that in 1984 the average quantitative
characteristic of the different groups is higher
(Fig. 9-b). '

All this data reveal that the rate of mussel
banks destruction and the dominant species
of this zoocoenose M. galloprovincialis stock
reduction has far exceeded the rate of R.
thomasiana density increase. Consequently if
we assume that the first stage of a preda-
tor/prey relationship development is charac-
terised by a birst of R. rhomasiana density,
the second — by a dynamic equilibrium with
the components of the M. galloprovincialis
zoocoenose (a fact registered already along
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Fig.9. Mean value and percentage share of mussels
(kg per dredge) (@) and R. thomasiana (exemplars per
dredpe) (b} different standard groups from the total
catches in the 1976 (/) and 1984 (2)

1CC coast in the early 60, U a a u o B, 1961)
it can be considered that the region under
investigation goes into the second stage — a
typical restoration of the mussel population
mainly in the deepest zones. On the other
hand the R. thomasiana agregation towards
the shore in the shallow waters as a result of
food insufficiency corresponds to one of the
peculiarities of the third stage — a supressed
predator status. Usually the latter is accom-
panied by a clearly expressed size reduction
and shell fouling with Briozoa, Algae and
other epifaunal organisms — features not
registered during the present observations,
wich proves that the predator is not yet in a
supressed status.

Conclusions. R. thomasiana presence and
density is of basic significance for the abun-
dance and size composition of natural mussel
pepulation in the area investigated.

R. thomasiana inhabits mainly the shallo-
wer zone of the region and is of 71,1 mm
mean lenght. The decrease of the predator
press with depth results in a progressive
mussel stock restoration.

In comparison with 1976 data the present
results reveal that the" mussel field dete-
rioration rate far exceeded the rate of R. tho-
masiana density increase.



The development of predator/pray rela-
tionsHip goes into a stage of dynamical equi-
librium but the registered peculiarities give
ground to admit that during the next few
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years R. thomasiana will enter the stage of
depression mainly because of insufficient
food suply.
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Cvcmosnue Ha ecmecmBeHume Haxoguwa om YepHa Muga (Mytilus
galloprovincialis |. a m) B ceBepnama yacm Ha 6bazapckun
yepHoMopcku wead BB Bpwvaka ¢ pasBumuemo Ha panaHa

(Rapana thomasiana Gros s e)

Lienka X. KoncyroBa
(Peawome)

B Taau crartua ce uHTepnperHpaT peayi-
TATHTE OT 55 NparvupaHHA 8 paliona Memay
Hoc Kannaxpa u Bapua 3a wacnensawe pasn-
peleneHHeTO, KONHYECTBEHATA XADAKTEPHC-
THK2 M DAIMEPHHA ChCTAR HA €CTECTBEHATA
TOMYJALMA MUK H PAaNaHH. YCTAaHOBEHO e,
4¢ KOJHYECTBOTO M DAIMEPHMAT CBCTAB HA
MHIHTE 34BHCAT OCHOBHO OT HaNWIHETO M
I'BCTOTATA HA PANAHHTE, KOHTO €4 pa3npoct-
PaHEHH NMPEJIMMHO B MO-TUTHTKHTE YYACTHIH
Ha PAHOHA W HMAT ¢pelina TbmkHHa 71,1 mm.
B awnbounna ce uabmarwopzea nocremenuo
BB3CTAaHOPABAHE HA MMJIMTE H H3YEIBAHE Ha
panaxa.

B cpasnenngc nanum ot 1976 1. 3a chIKA

PAHOH PEIYATATHTE OT TE3H MICIHEIBAHHA T10-
Ka3BaT, Y€ NpouechT HA HECTPYKTHPaHE HA
MH/IEHUTE TIONIETA H HAa PejIYLUHPAaHE HA 3ana-
CHTE Ha OCHOBHHA BHJI B Ta3H 300LEHO3d —
Mytilus gallaprovincialis, ce e ocpmecTrapa-
NG ¢ MHOre no-6sp3u Temnone, OTKOAKOTO
HAPACTBAKETO YHCNEHOCTTA HAa panaua.
Pa3sBHTHETO Ha B3aWMOOTHOMIEHHATA XHLLl-
HYK-KEePTBA HABRIH3A BbB (asa HA YCTAHORN-
BaHe Ha JIMHAMHYHO PABHOBECHE MEXIY THX,
HO HAKOM XapakTepHu Oenesw NaBaT OCHOBA-
HHE 1A Ce NONycHe, 4e B BNU3KKHTE rouuHu
pPanaHsT e C& OKaxXe B cueBawara gpala —
YTHETEHO ChCTOSHHE, [JIABHO MOPAH HEHOC-

TaTbyHaTa Tpoduyna obesneyenocr.
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