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t ABSTRACT
l

In 1988 a new-comer ctenophore Mnemiopsis Leidyi appeared in the
Azov Sea. Within several next years it became the dominating form of
predatory zooplankton, average its biomass during the period of
abundance (august—-september) had changed from 32 up to 106 g/cubic m.

| Ctenophore lives in the Azov Sea only during warm part of year: a
small quantity of Mnemiopsis flows with water from the Black Sea
through the Kerch Channel 1n spring, until August-September it
occupies the whole aquatory of the sea (where salinity not less than
3% ) and then its quantity abrubtly reduces - in the beginning of
winter a very few animals are being observed. It is appears that in
early spring aonly adult large size Mnemiopsis have found out, in the

‘summer and autumn dominate juveniles and small size ctenophore.

Mnemiopsis intrusion has caused damage to existing trophical
interrelations in the ecosystem of the sea, devastated the food stok
(in july—-august biomass of food zooplankton including meroplankton
declined from the level of 330 before invading down to
0.004 mg/cubic m. 1in 1991-1992) and reproduction of indigenous
harvest species of fish (anchovy, kilka, etc.). Catches of mentioned
species reduced from 120-220 thousands tonnes down to 10-30 thousands
tonnes in 1989-1992.

On the data within  the long period observation on the
characteristics of the Azov Sea ecosystem a ctenophore population
dynamics mathematical model has been elaborated. The model describes
real dynamics of population and size structure.
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. Azov Sea are mostly formed by the winds. .’

' _ 2 _ ) . . . " k _‘
The ' Azov Sea is the extreme link in- the Mldeterranean waterbody.

‘From time immemorial it was famous with J.ts fish. stocks''and even not

far ago the Azov Sea was-the most productlve sea the World Ocean over
(Moiseev,1969). It is a very: small sea. 'Its surface area is 37800 .
square . km, greatest ‘ depth is 14 m, average depth is" 8.5 m and its
volume amounts - 320 cubic km. ‘Temperature varies from =0.7 deg C  in

_January- February up to 26*' deg C (off shore regions) and 30 deg C.

(coastal reglons) in July- August annually. Currents m the shallow

-
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" The Azov Sea is a brackish water sea. Salmlty of. the Azov Sea’
changes from almost.  full absence of salts (mineralization 1 g/l in
the estuary of the Don River and the Easten part of. the Taganrog Bay)
up to 15 -17: g/l in the Kerch Straits and- adjacent areas of’ the. Azov,
where influence of water which flows from the Black Sea through the
Kerch Stralts' is observed., Osculatmn of average sal.uuty of this
waterbody is in 1nterva1 of 'S5 g/1 within last. 70 years. During the

. period. of . natural ‘rivers flow (before 1952) its .absolute value

changed from 9.1 to.12.2 g/l. The period after is charecterlzed by
very ‘intensive usage . of contmental runoff for the needs . of

" agriculture, 1ndustry as well as mun.1c1pal and other - anthropogenlc

act1v1ty., average salinity | varied from 10 to 14 -g/l. - Within las*'

decade its value was only 11-12 /1. Nevertheles ~ this oscillation R
of salinity, . despite. of its small value, is of v1ta1 1mportance for -,
the biology of the sea, because it determmes habitats, . taxonomic
composition and productlv.xty of the Azov . Sea biota: (Volov1k at

all1993); .

Biota of the Azov Sea is characterized by rather w1de structure

© -and formed by the representatives of genetxcally different groups -

freshwater,” seawater;” bracklshwater and relict.complexes. The special

. peculiarity of taxonomic structure  is not - a great quantity of
. phytoplankton, = zooplankton, zoobenthos and fish species which form a’

great deal productlon. In spite of’ regulatmg of  rivers flow,
productw:.ty of biota has been staymg on a rather high level even in
nearest past. Less than in former days,: but high- enough Nlthm the'

. period before 1952 . ‘average blomas_s of phytoplankton in off shore
"reglons was 3.0, =zooplankton - 0.34 g/cubic m, _zoobenthos - 321 .
' g/square m, . in 1988-1992 biomass varied.in. intervals: 0.5 — 2.3, 0.2

- 0.4 g/cubic m ‘and 194 — 248 g/square ‘m accordingly. Favourable
hydrological, hydrochemlcal - and feeding conditions as. well as large

surface area of spawnmg grounds of the Azov .Sea basin caused formmg
of wealthy stocks of harvest fish species. Within the period of bloom -
of the Azov Sea fishery (the 30-s) it was caught about 300 thousands

tonnes’  of fish, more than a half 'was anadromous: species’
(sturgeon herring) and seml—anadromous spec1es (plke—perch, .bream,
sea—roach) of fish., After rivers flow regulatmg, ‘dealt - with

.destroymg of reproductlon mechanism of mentioned spec1es, . sea fish -

species became dominating in fish catches (goby, anchovy, - Azov
kilka). The whole catches of fish were. not "more -than 150-250
thousands tonnes. During : last f1ve years a newcomer ctenophore
Nnemlopals Leldyl has been appearmg in the Azov Sea, -its causes the

decrease of cathches down . to 10-30 thousands tonnes. Anchovy and

kilka, which presented earlier 20-95 % of 'catches, practlcally have

‘lost. their fishery moortance.

In 1988 a new organism - ctenophoﬁre’ Mnem10p51s L.Eld)'l - ‘was
found out in the South part of the Azov: Sea, It came from the Black
Sea, where it had been brought in the beginning of B0-s with ballast
water  of thS from the Atlantlc Coast of America. ThlS ctenophore is

.meant as.one kind of blologlcal pollutlon of the Azov Sea .and within

a very short time perxod - .during next 1989 - Mnemlop.:ls caused large
-scale . and manyfold change of pelaglc part of biota of the Azov Sea.

Sustamable study of mentioned newcomer, fmore exactly, the study of

tits spread mechanism over ° the terrltory of . the sea, populatlon

dynamics - and mpact estimation to other levels of trophlc chain. — is

. being carrled out since 1989 on the data recieved _from research

£

Y



i

-3 -

expeditions (6 A times per year) in off- shore regions and conetantly

"'prova.ded coast testmg (from special “coast stations). Ctenophore

catches were carried out by.plankton net (inlet diameter is 0.5 m) on
33 stations situated evenly over the aquatory of the sea. -

ﬂ PENETRATION AND ANNUAL CTENOPHORE DEVELOPMENT CYCLE. Possessed
information allows to affirm that Mnemlops:Ls mhablts in the Azov Sea

only thhln warm year perlod. In 1989-1991. it was found out in April-’

May, 1993~ in the end of June, and it was observed only in the South -

region of the sea adjacent to the Kerch Straits. In July—August it -

‘did spread over almost the whole aquatory of the sea and in ‘the end

of August-September was  found in the Taganrog. Bay. In the end of
September its habitat was maximum (90-95% of the sea); everywhere,
where salinity was not less than 3 g/1. (F:Lg.l) During all the period

of obseration in December—March there was. no a smgle ctenophore

- found out. in all of | the regions free from ice, inspite of its

abundance in previous months. In several cases: 1990, 1992 and 1993 -
Mnemiopsis ~ was not observed even in the end of sring (May 1992) and

! beginning of summer (June.- 1993). A few ‘ reasons are known about -

ctenophore mortality in the Azov Sea during cold year period and
_cons.1dered features of 'its biology . allows to qualify Mnemlops.ls
~Leidyi as- temporary invader what is pot peculiar for Mnem10p51s

native habitat (Miller,1974,Deason,1982). Ctenoohore penetration to .
the Azov Sea takes place with intensive spring water flow through the'
Kerch Straits from the Black Sea. Usually. it happens due to

B long— perlod Southérn winds which cause a bore from the Black Sea or

after strong Nothern or Easten. winds when compensational’ "Black S_ea

water flow takes . place. . Both 51tuatlohs mentioned above are
determined by meteorologlcal .conditions and change from year to year.
Nevertheles - for years of observatlon a.fact is, common that firstly

ctenophore is met on a small aquatory in. the .Southern. part- of the
sea. - Takmg into account that time of. penetratlon is quite drfferent

for every vyear, it is very interes tmg -and 1mportant to consider a
mechanlsm of its spread over the Azov Sea. The dynamics of ctenophore

-spread depends on concrete meteorological condltmns and movement of
the' -sea wate.r, because constant currents are not usual for the Azov

Sea“and dynamics of region. water 7 exchange . is defined. by wind

" activity. That ' is why, some years ctenophore developed very
intensively in June-—begmnmg of July . mostly in' the. Easten part

(1989,1990) or  in the’central part (1991,1992) of the sea and only
afterwards it spread to other: reglone in- September.

Ctenophore usually spread over the terrltory of the Azov Sea
very fast. This property allows it to mpact hardly to summer—autumn

‘plankton _communlty .which is a food for Mnemlopsrs. , Becausée. of sn‘all
' depth of the sea, ctenophore inhabits all layers of water. There is’ .

no  any found peculiarities of vertu:al movement of Mnemlopsrs LEld)'
in the Azov Sea. SR :

. POPULATION SIZE ‘STRUCTURE  very differs thhm a year perlod.
Nhen population development. starts (in spring-summer beginnig), *
mostly adult animals are met. Their size is 20-55 mm: Juveniles and
larvae are usually absent. Quantity of juveniles (less than 5 mm) is .
about 10%. . In the end of summer and in autumn the. base of ctenophore
populatlon 1‘5 small and. middle size (5-15 mm) anxmale, blg ctenophore
is very rarely met thxs time (Flg 2). The max1mum 51ze is not more

" than 70-80 mm.

- CTENOPHORE BIOMASS is rather dlfferent from year' to yéar, as
well as within one year "and depends on region of the sea, Biomass
also, depends on penetration time fr‘om the Black, sea, spread . over‘ the '

.terrltory of the Azov Sea and quantity of avallable food.‘ In common,
.it- is possible to mention two biomass dynamlc:s scenarios: early

(Aprll 1989) and late (May-June 1990 - 1993) penetration -to- the Azov
Sea thruogh the Kerch Straits. In the beginning of its living in the
Azov Sea.a very few animals was observed J.n the - region . adjacent to

the Kerch Straits.
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Fig.1. Distribution and biomass of Mnemiopsis leidyi in

the Azov sea
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| Table 1
Mnemiopsis leidyi biomass in the Azov sea
( g/ cub.m wiws)

- monthg. |
yeers 'y, vir o,  VIII IX : X
o ‘ . the Azov .sea ; o
@®ox 0.1 775 *) 7,0-I9I.I 7,4-283,0 8,0 - 67,3
11,3 - 60,7 106,0 25,2 -
1990 6,0 -I41,0 6,0-I31,0 0,4 -433,0 2,0 -580,0 I,0 - 44,0
43,0 44,0 68,0 39,0 7,0
1991 0,2 - 14,8 3,0 -199,0 3,0 -318,0 7,0 -285,0 4,0 - 37,0
3,1 68,0 - 102,0. 69,2 15,0 ,,
1992 0 1,0 -241,0 1,0 -307,0 1,0-129,0 _I,0 - 74,0
| 57,0 51,0 2,4 15,3
v the Taganrog bay -
1989 0 %) 16,5 58,0 95,5-728,0 4,0 - 95,6
' ~ 38,2 226,0 49,0
@B °° 0 0 5,0 -147,0 45,0 -298,0 23,0-397,0
45,0  I23,0 ' 54,0
1991 0 .0 - 14,0-505,0 40,0-583,0 8,0 - 37,0
‘ E 177,0 154,0 15,0
1992 - 0 0 1,0 -424,0 2,0 -270,0 9,0 - 6I,0
- : 123,0 66,4 32,4

- Footnote: interval/ average; *) - nc data



When Mnemiopsis appears in April (I scenario), the first part of
summer and mid-summer is characterized by very fast increasing of its
biomass (0.07-0.35 in May - 11-43 g wet weight/cubic m in June,
maximum value 1s 78— 141 g wet weight/cubic m. When ctenophore
appears in the end of May-June (II scenario), its abundance has been
observed only in July. By this time ctenophore inhibits only on 40%
of the aguatory (I scenario - 80%). Quantity of Mnemiopsis increases
abruptly in the beginning of summer from 3 g wet weight/cubic m
-biomass to 56-68 g wet weight/cubic m, maximum value 199-241 g wet
weight/cubic m (Tabl.l), average value for the sea is 62 g wet weight
/cubic m. In October biomass reduces 1in the sea as well as
in the Taganrog Bay (16 and 38 g wet weight/cubic m)(Tabl.l). If
ctenophore biomass in any one region is compared, it will be seen
that within one month period Mnemiopsis quantity will reach its
maximum and then will reduce very rapidly (Fig.l). This process with
taking into consideration the absence of natural ctenophore predators
is defined by food dymnamics.

So, maximum of Mnemiopsis biomass has been observed in August or
jeptember. The average biomass produced during vegetation period in
the Azov Sea 1s estimated as 22.6 million tonnes of wet weight.
reatest ctenophore stock (32 million tonnes) was marked in 1989. A
ttend of reducing of year stock is being found out. Average quantity
O Mnemiopsis population for all the regions varies 0.5-7.4 thousands
pr square meter in July and up to 33 thousands in August.

All mentioned above data means that intensity of ctenophore
development 1In the Azov Sea exeeds very much its own habitat -
castal regions of America (3-100/cubic m—-Mounford,1980,Deason and
Smyda,l982, Kremer,1976, Miller,1974) and equals development level
ot the Black Sea (Vinogradov,1989,Shushkina;Musaeva,l990,Shushkina at

al,1991).
Process of ctenophore feeding was not specially studied, but
library data says that its ration does not differ much on

coposition and quantity for the Black Sea from native habitat
(Viogradov,1989,Tsikhon—Lukanina at all,1991, Shushkina at all,1990,
Krener,1976, Larsen 1988,Reeve at all, 1989).

The Azov Sea has its specifical hydrochemical composition. That
1 thy, the data on ctenophore chemical composition recieved during
samling in the Azov Sea is of vital importance. Dry weight is about
27 of wet weight, protein is 0.17% of wet weight, there are 17 amino
acids in it. Among microelements dominate Cr-7.9, Co-0.016, Hg-0.22,
Cu-4(5, Pb-1l.6, Ni-2.8, Ba-7.6, Be—-0.03, Sr-300, Al-56, Fe—45.5
microg-amm/g dry weight.

0 estimate ctenophore feeding out impact to plankton community
ol ths Azov Sea would be possible with the help of data before and
a {ér s invasion (Tabl.2). A fact 1is worth underlining that
i“tensity of zooplankton development in spring has increased due to
y wence of ctenophore and decreased in summer-—autumn (in more than
)0 times) due to its abundance. Decline of taxonomic quantity and
wize struzture of zooplankton has stated during the period of

tenophore ‘'bloom".Comparing season oscillations of population size
tructure, it has become possible to ascertain that the biggest
amage to Azov zooplankton 1is caused by Mnemiopsis juveniles and
arvae.

Wealthy food resources of the Azov Sea were used mostly by
anchovy and tilka which formed production up to 1.8 million tonnes,
biomass of their population together reached 1.7 million tonnes
(Volovik, 19865, After its penetration to the Azov Sea Mnemiopsis
became the main rival on feeding out of food resources and, possibly,
the direct predator on anchovy larvae and juveniles. Within the whole
period of observation only on several stations where: ctenophore was
pointed out some quantity of anchovy spawn and larvae was found. As a
rule, there was no anchovy spawn or larvae in the regions which
Mnemiopsis inhibited. The feeding out of fish (anchovy and kilka)



_ _ - Table 2
Zooplankton biomass before and after Mnemiopsis
introduction to the Azov sea (mg/ cub. m WoWa)

monthg
years Iy .Y 2 VI . VI i s X
the Azov sea
1979-1987 96 298 445 298 . 240 . 107
1989 6 -8 - 2-33 I - 8 0,02-8 0,I-593
162 b 17 9 71
QO 1590 0,2 -862 92 -4792 4-654 0,1 -394 . 0,02 - I2 0,04-59
283 970 159 42 2 11
1991 6 - 620 - 89 -4088 8 - 862 0,0I - I9 0,04 -II
188 1184 %6 I I
1992 I -350 I -5I80 I2I-2390 4 - 408 0,04 -3 I -26
69 1079 844 89 : I 10
the Taganrog bay .
1979-1987 97 269 592 750 637 874
| 1989 20 - 310 5I8-37I3 I0 - 626 0,4 =188 _3 -1944  I4 -998
o ‘ 108 1829 238 46 474 280
| - 1990 56 - 712  63-669 I3 - 571 3 - 485 0,0 -3442 2 - 587
| o9 277 403 132 184 620 = 260
- 1991 6 - 724  10-3284 1I-3284 16-4320 0,4 - I07 0,5-395
| | 196 730 730 1006 40 109 |
i 192 7 - 243 Il -I606 I9-I045 29 -300 2 - 66 3.- 273

48 880 302 1% 27 - 56

Footnotes: interval/ average
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food ~caused a lack of necessary accumulated. energy what did it
impossible for fish to migrate, to winter and to develop sexual
proddc:ts. That is why, strong changes were ‘registrated as well as
destriying of population reproduction, decline’ of their. production
(kilka = 4-5 .times, anchovy - more than 10 tlmes), populatmn bmmass

" and harvest stocks. All mentioned has caused demage -to large—s"ale
. fishery. Losses from Mnemiopsis introduction are appraised at 30-4C

million US$ annually for the Azov Sea. The similar figure for .the. .

Black Sea is 240 'million US$(Caddy,1971).

A Mnemiopsis population " dynamics - model was elaborated . for
development intensity prediction and ctenophore influence to the Azov: -
Sea ecosystem and populations of harvest fishes estimation. The model
describes ctenophore spread along the waterbody, feeding, food
assimilation, respiration and extractmn, reproductlon and mortality,
biomass and population dynamics and other pr‘ocesses (Fig.3). -Firstly

.the model was built on the methodology used by american scientists

(Kremer,1975,1977, Kremer,Reeve,1989, Reeve at all ,1989), but results. »
were wrong for conditions’/of the Azov Sea, because there is no usual
ctenophore food enough. It was necessary to elaborate feeding model
for the Azov Sea conditions. It was done on _existed ' literary data
(Vmogradov at  all ,1989; .Shushkina at all,1990,Tsikhon-Lukanina at
all, 1991, Zaika,1990). An idea that Mnemiopsis feeds on mezoplankton -
organisms _(including meroplankton) proved by mentioned scientists
from the Black Sea Oceanological Institute named after Shirshov was
used. Verification of the model with all the -factors has shown that
ctenophore population oscillations within the period of its living in -
the Azov Sea have two or three maxximum (Fig.3). - For every of them a'
spec1al population size structure is typical. Natural sampling in the
Azo Sea proved- only ‘size © - weight character'lstlcs of Mnemiopsis
populatlon. In - essential habitat Mnemiopsis populatlon has one .
maximum in season population dyr\amlcs (Kremer,1979)., . !
Carried out research convinces in necess;Lty of further study of
Mnemiopsis biology in'the Azov Sea basin. .- This is the: only = way to
solve. the problem of ecosystem protection from harmful 1mpact of thls_

-mvader. '
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