A preliminary study on biometry and size composition of
Mnemiopsis leidyi (Ctenophora:Lobata) in the Black Sea in
space and time (1992-1994)

Erhan Mutlu

Institute of Marine Sciences
Middle East Technical University

0 P.O. Box. 28, Tr 33731, Erdemli
Icel, Turkey

42

41

0 1994

February

[You:g]tll‘:a:s il :dult]

Young Transiton Adult stage

<10 10.30 > 30 mm

Rize

Yesilirmak

Sakarya R.

31 33 35 37 39 a1




A preliminary study on biometry and size composition of
Mremiopsis leidyi (Ctenophora: Lobata) in the Black Sea in space
and time (1992-1994)

Erhan Mutlu
. Institute of Marine Sciences
Middle East Technical University
.0.Box» 28, TR33731 Erdemli, Icel.
Turkey

g

Key words: The Black Sea. Ctenophore. Mnemiopsis, biometry. size

Abstract

Five cruises were carried out to monitor the distribution of
Mnemiopsis leidyi in years January. 1992- April. 1994 in the
Black Sea. From the measurements made on the individuals, length
(oral-to-aboral length; AL: cm)-wet weight (W; g)-displacement
volume (V: ml) relationships were significantly formulized with
the following equations:

v=0.926ALY 987 . w-0.886V-0.249 and w=0.927aL2 227,

Ratio of aboral to auricle and lobate lengths was 1:0.69:0.65 and
auricle-to-lobate length ratio was 0.94. Largest individuals
(aboral length) measured 7 cm in January-1992, 5.6 in July-1992.
6.6 in August-1993, 5.9 in February-1994 and 6 in April-1994.
Larger individuals appeared in the coastal and open waters of the
south-western part of the Black Sea. Base of the lobate
comb--jelly was made up of young specimens (aboral length <10 mm)
in high percentage (15-50% in April,1994 -August. 1993 and
usually 30-50%) in all sampling time. Animals greater than 30 mm
(adult specimens) rarely made up more than 12-13% of the total
ctenophore density. From January to August, percent recruitment
of younger individuals declined slightly within a period of
Jamiary to April, then increased together with numerical
occurrence of adult specimens in August. with the second ocutburst

of Mnemiopsis in the Black Sea.




Introduction

The Mremiopsis leidyi Agassiz, A.. 1865, is an endemic gelatinous
zooplanktoh of the north-western coast of Atlantic Ocean (MAYER.
1912). The first records about Mnemiopsis appearance in the Black
Sea go back to the beginning of 1980s (ZAIKA and SERGEEVA, 1991;:
CADDY, 1993). The welcome of this non-native species to the Black
Sea had been speculated on view concerning with the release of
ballast water from ocean-crossing vessel. Biomass development of
the Mnemiopsis in the Black 5ea started in 1987 when it occupied
only bays and coastal waters. During the summer of 1988
Mreminpsis were introduced also with open areas of the Sea, and
in the autumn its biomass reached a considerable amount as much
as of 1.5 kq/nf (SHUSHKINA and VINOGRADOV, 1991). In 1989 and 1990
the biomass of Mnemiopsis grew so considerably that total value
for the whole Sea attained 8 x 10° (VINOGRADOV, 1990) to 1 x 10°
(ANON, 1994) metric tons of wet weight in August-September. In
several coastal areas its density reached 10-12 kg m 2 (ANON.
1994). In 1991 its biomass decreased and declined 4-6 folds
gradually on a comparison of statistic in 1989. In 1992 and 1993
the biomass of Mnemiopsis remained at same level (100 and 91
million metric tons) (MUTLU. et al 1994) as becoming in autumn-
1991.

During the first appearance, Mremiopsis was strictly asscciated
to the upper mixed layer over the thermocline (VINOGRADOV, 1990),
therefore. its assemblages were often found immediately under the
surface. The young animals were definitely confined to the layer
above the thermocline. Presuming as whether to attain the prey
(Calonus) in the deep water, the large-size ctenophore
individuals went down to lower layer of thermocline as occurred
in autumn 1989 (SHUSHKINA and MUSAYEVA, 1990). The spring

observations of 1991 showed the regqular penetrations of large




quantities of ctenophores beyond the thermeocline down to the
upper boundary of picnocline (BOGDANQVA and KONSOQULQV, 1993). At
controversy case against previous vertical distribution. only a
few individuals were encountered in the surface layer in the
summer of 1991 and 1992. The whole population inhabited the
thermocline layer, sometimes fetched down to the'boundary of

picneocline to feed on copepod.

Population size structure shows differences within year. In the
starting of population development in the beginning of spring-
sunmeyr, mostly adult animals appeared. The size of these
individuals varied from 20-55 mm aboral length. At that time
juveniles and larvae usually disappeared. Percent proportion of
juveniles (less than 5 mm) to adults was about 10%. At the end of
summer and in autumn the base of ctencphore pepulation was made
up of small and middle size (5-15 mm) animals. big ctenophore was
very rare at this time. The maximum size did not exceed 70-80 mm
aboral length (VOLOVIK et al, 1993). Young ctenophores were
predominant in nearshore waters. particularly on the
north-western shelf: intermediate-size and large animals
concentrated in the depth fall area in convergence waters along
the outer margin of the Main Black Sea Current (VOLOVIK et al..
1993). The largest individuals were 75 mm long and 40 mm wide in
the waters of the central circulations (VINOGRADOV et al.. 1992).
Empirical relationship between lobate length (1, mm) and live
weight (W;g) of Mnemiopsis leitdyi, was formulated with the
equation of W=2.361""? for the Black Sea (VINOGRADOV et al,
1989). The carbon content was slightly higher (0.16%) for small
individuals than for large individuals (0.10%) and averaged 0.12%
of live weight.

Mnemiopsis sp. hatch out of their egg envelope as cydippid larvae
about 24 h after being spawned at 22 to 23 “C (MARTINDALE, 1987).

Individuals have reached 10 mm length in 5 days and complete the
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first stage (precociously reproductive young). The transition to




the lobate stages begins at around 5.0 mm (oral-aboral length)
and is complete around 15 mm. Individuals of Mnemiopsis have
attained a size in excess of 90 mm in the laboratory (REEVE et
al, 1978). Adult begins to reproduce at 30 5% mm, at an age of 13
to 17 days. depending on growth rates (BAKER and REEVE., 1974).

Size composition and structure of Mnemiopsis leidyi was one of
guidelines offered at the meeting on the scientific aspects of
marine pollution for the Black Sea (ANON, 1994). This study
represented the detailed biometry and size composition of
Mnemiopsis leidyvi in the Black Sea in years 199271994.

Study Area

All over the world. the Black Sea (423 000 km’) is one of the
large basins having the permanent halocline (80-200 m) and a deep
basin with steep slopes in the order of 4-6". A ma jor shelf area
exists only in its north-western region. comprising 27% of the
total area of the Black Sea. The surface area of continental
shelf in the southern part of the Black Sea is very less
regarding to the northern. especially north-western shelf.
Circulation of surface water consists mainly of two cyclonic
gyres steered by the rim current (Fig. 1). Additionally, there
are several mesoscale anticyclonic eddies. The layer of hydrogen
sulfide occurs below the halecline. The salinity in the layer
from surface to halocline is between 18 and 18.5 in the central
Black Sea, 18 and 17.5 over the continental shelf. but drops
below 16 in nearshore areas of the western Black Sea. In the open

sea in summer the temperatures above the thermocline vary between

23-25 °C, with a maximum of 27 °C. the winter temperatures vary
between 5-7 °C while it falls to 2 °C in winter in the
north-western shelf area (0OGUZ et al,., 1993, 1994 and SUR et al.,
1994) .




Material and methods

Five cruises were conducted in the Turkish Black Sea in
January-1992, July-1992, August-1993, January/February. 1994 and
April/May-1994 to observe the size composition. hence. spatial
distribution of Mnemiopsts stages. The surveys were carried out
with RV Bilim. Samples were collected with the vertical hauls
using Hensen egg net from 55 stations in January-1992., 45 in July
1992. 36 in August 1993. 9 in January/February-1994 and .42 in
April/May—-1994. The investigated.areas of the first four cruises
located in the Turkish Exclusive Economic Zone whereas the last
occcuplied additionally the Bulgarian and Romanian zones. Table 1
gives the overall outline of individual sampling within the

seasons.

Table 1. Data collection scheme for the cruises.

Net type and mesh size Hensen 0.3 mm
Net opening diameter 70 cm,
Hauling speed 1ms
Depth recording Angle and wire length
Sampling depth offshore

by total depth >100 m Anoxic layer-->surface
Sampling depth inshore

by total depth <100 m 2 m above bottom -->surface
Sampling time Jan-92 Jul-92 Aug-93 Feb-94 Apr—-94
Number of stations for

size composition 55 45 36 9 42

Investigated area TEEZ TEEZ TEEZ TEEZ T&OEEZ

TEEZ: Turkish Exclusive Economic Zone
T&OEEZ : Exclusive Economic Zone of Turkey and other reperian countries

Regional classification are as follows: inshore areas (<200 m),
of fshore areas (>200 m), western Black Sea (west of 35 °E),
eastern Black Sea (east of 35 °E) and Turkish Exclusive Economic
Zone (TEEZ: underneath 43 °N in the western Black Sea).

The haul depth was confined to the upper layer of anoxic zone,
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which coincided well with the depth of sigma (theta)=16.2 in the
Black Sea (TUGRUL et al ., 1992;: OGUZ et al, 1993). In the
coastal areas (<100 m depth), net was hauled from depth 2 m above
bottom to surface. After numerating and weighing the specimens of
Mnemiopsis, individuals were sized in the unit of millimeter and
settling volumes (ml) were measured in the fine graded cylinders
onbeocard. Four types of length from each individual were measured.
These are aboral length, lobate length, auricle length and body
width (Fig. 2). In addition to the cruises listed above. another
length measurements experiment were made on individuals in the
lahoratory in Trabzon*. This was used for the establishment of
functional relationship between lengths, settling veolume and live

weight.

Regarding to the apparent biocmetric changes., individuals <10 mm
(aboral length) are defined as a young/juveniles which have a
little capability of spawning, 10-30 mm as transition/lobate
stage and > 30 mm as real reproductive adult individual (BAKER
and REEVE, 1974).

For statistical treatment of morphological and biometric
measurements SYSTAT package software was utilized. Prior to the
calculation of length and weight-volume relationship via
curve—linear regression, raw data was log transfofmed (base 10)
(SOKAL and ROHLF, 1981). No transformation is required for the
regression of weight on displacement velume and cne length to
to length measurements (e.g. lobate length, auricle length.

aboral length Fig.2).

Results
Functional equations of the relationships between some biometric

variables (aboral length, lobate length. auricle length and body

¥ Tarim ve Koy Isleri Bakanligdr Yomra Su Uriinleri Arastirma
Enstitistt (Ministry of Agriculture and Rural Affairs-Yomra
Aquatic Resources Research Institute)




width: cm; Fig. 2) to wet weight (g) and settling volume (ml) of
Mnemiopsis letdvi living in the Black Sea were given in Table 2.
Individual displacement volume and live weight were fitted to
length measurements with the multiplicative model of regression
analysis whereas by applying linear reqgression better concordance
for relations between lengths mentioned above was obtained. All
relationships were found to be highly significant at a level of
P<0.001 (Table 2). Following are the equations which summarize
the relationship between biometric measurements of Mremiopstis
leidyi from the Black Sea. Relationships between all the

measurements in a matrix form is agiven in Figure 3.

Table 2. Functional approximation of length-wet weight-settling
volume relationship (Wet weight W, g; settling volume
V,ml; aboral length AL, cm; lobate length LL. cm:
auricle length ArL, cm: and body width BW. cm).
Empirical equations Correlation Sample Probability
coefficient size (n) level (P)

v=0.926+aL1 " 87 0.94 450 0.00000
v=0.460ArL% 774 0.93 450 0.00000
v=0.292111 867 0.94 450 0.00000
W=0.886*V-0.249 0.98 49 0.00000
w=0.393LL% 163 0.97 213 0.00000
w=0.334BW°> " 237 0.97 92 0.00000
w=0.927aL%" %27 0.95 214 0.00000
w=0.460ArL2 471 0.96 02 0.00000
AL=0.596*LL+0.205 0.97 215 0.00000
AL=0.357*BW-0.866 0.90 04 0.00000
AL=0.883*ArL—0.149 0.98 94 0.00000

Mean ratios between the biometric parameters for all size and for
the separated stages in a matrix form were shown in Table 3-4,.

respectively. Ratio of aboral to auricle and lobate lengths was
1:0.69:0,.65 and auricle-to—-lobate length ratio was 0.94 (Table 3).




Table 3. Matrix of length-volume-weight ratio of the Mnemiopsis

leidyr .
Arl LL BW W Y
AL +0.69 0.65 0.88 0.23 0.11
ArL 0.94 1.27 0.34 0.16
LL 1.36 0.36 0.17
BW 0.27 0.13
w 0.47
n 217 95 216 85 215

About three stages of Mnemiopsis. aboral-to-auricle length ratio
increased with stages from young towards adult. Lobate
length-to-body width ratio was less than 1 (Table 4) only at

young stage as individual has not built-up the lobe, yet.

Table 4. Length-to-length ratio of Mnemiopsis leidyi into three

stages.
Young stage Lobate stage Adult stage
ArL LL BW ArL LL BW ArL LL BW
AL 0.67 0.49 0.46 0.74 0.55 0.62 0.76 0.46 0.77
ArL 0.73 0.69 0.74 0.85 0.61 1.01
LL 0.94 1.14 1.67
n 144 144 144 216 216 216 101 101 101

The spatial and temporal size distributions of Mnemiopsis letdyl
were as follows:

In January 1992, numerical occurrence of adult (> 30 mm

oral-aboral length) to young specimens (< 10 mm) was apparently
higher in the west regarding to the distribution in east (Fiqure
6). Animals greater than 30 mm made up less than 15% of the total
lobate—ctenophore density (Figure 4). Transistory lobate-stage
(10-30 mm) constituted half of the population. 30-35% of the




population in January-1992 was composed of animals less than 10
mm long. Young individuals were higher in the coastal waters of
the eastern part of the Black Sea. where coastal waters run
between the rim current and the coast in the east (Figqures 6 and
1). In coast of the south western Black Sea. particularly area
between Bosphorus and Sakarya eddies, transitory and adult
Mrnemiopsis were predominant. Mnemiopsis appeared to be smaller
with a mean value of the body length of 1.65 cm in the eastern
areas compared with that (2.72 cm) of the western part of the
Black Sea (Table 5) as minimum, mean and maximum values of aboral
length was found to decrease gradually from west towards the east
(Figure 6). While minimum, mean and maximum aboral length of
Mnemiopsis leidvt was siginficantly much higher eastern (1.64,
2.72 and 5.26 cm. respectively) than the western area (0.67, 1.65
and 4.47 cm) of the Black Sea (Table 5) no significant
differences were found between inshore and offshore areas.
Maximum length differred significantly between inshore and
offshore areas of the western part of the Sea whereas mean length
was significantly different between the inshore and offshore
areas of the eastern part of the Black Sea (Table 5). As shown in
size—frequency distribution (Figure 5). the median and mean
values of the distribution were characterized with 1.34 cm and

2.16 cm in January 1992. respectively.

In July 1992, adult specimens were so predominant that young
individuals seems to be disappeared completely in the western
escarpment of the Turkish Black Sea. The eastern basin at which
the surface water warmed up to 23-25 °C was full of young and
transitory lobate individuals (Figure 7). Animals dgreater than 30
mm made up approximately 5% of the pcpulation (Figure 4). Adult
specimens ( >30 mm length) were often observed in the central
areas of the western main gyre near rim current. In the western
part, young individuals were found to be dominant only at two

stations in the east of Bosphorus (Fiqures 7 and 1) where the




warmer water of the Mediterranean Sea undergoc the water mass to
the Black Sea. Overall. significant differences in minimum and
mean lengths occurred between western (2.87 cm) and eastern (1.57
cm) areas while the distribution of mean length for Mnemiopsis
appeared to be more stable between inshore and offshore areas
(Table 5). The minimum length averaged were larger either western
(2.27 cm) than the eastern areas (0.67 cm) or inshore (2.27 cm)
than offshore (1.54 cm) areas. In July 1992, the‘distribution of
mean length from west to east displayed the same fluctuation
decreasing gradually compared with that of January 1992. By July
1992. mean and median aboral lengths of Mrnemiopsie for the entire
Sea were found to attain the higher values of 2.38 cm and 1.39 cm
than those found in January 1992, respectively. The
size—frequency distribution was figured out by a unimodal

gaussian-distributed length (Figure 5).

One year later (Augqust-1993), synoptic size structure was as
similar as that in the previous year of summer. Organisms larger
than 30 mm length constituted of around 15% of the population
(Figure 4). In western half of the Turkish Black Sea, adult
individuals concentrated mostly in the peripheral longshore
waters between the coastline and main ayres and were dispersed
throughout the route of rim current (Figures 8 and 1). Adult
individual were distinguished with a second distinct size class
from the remaining stages (Figure 5). In late summer. the
saplings had joined the population whilst a 2-3% increment 1in
adult stage was observed due to the growing up of transistory
lobate stage (Figure 4). The size-frequency distribution was
figured out by a bimodal gaussian-distributed length (Figure 5).
In size—-frequency distribution of Mnemiopsis, a second cohort was
separated with a second size class mode. This may also suggest
that at this time new and older generation was observed together
in the Sea. In this time, median value was at least to indicate

the evidence of new generation compared with the annual median.




Minimum and mean aboral lengths of Mnemiopsis leidvi were
significantly higher western area (2.27 and 2.87 cm) than eastern
area (1.12 and 1.83 cm. respectively). Only in the eastern area
was the minimum aboral lenath of Mnemiopsis significantly higher

for offshore waters (Table 5).

In February-1994. about 7-8% of the population was constituted of

individuals larger than 30 mm. Specimens of 10-30 mm length
attained a maximum contribution (about 65-70%) among other stages
(Figure 4). There are two modes of size classes (< 35 mm and >40
mm aboral length) of Mnemiopsis leidy’ (Figqure 5). Here.
individuals greater than 40 mim length were defined adult
specimens which were about to die of advanced age. However. the
greatest aboral length (9 cm) was found only in this season.
Cohort II was found not to distinguish exactly from the first
cohort in February 1994 compared with that in August 1993. Median
and mean value of aboral length averaged over only nine stations
were 1.41 cm and 1.77 cm. Compariscon on size statistics either
between eastern and western or between inshore and offshore might
be biased. Because, on the one hand measurements for the
Mnemiopsis was made only at the nine stations in this cruise. On
the other hand Mremiopsis growth is very rapid and the time lag
of 10 days between the collections of east-west would not be

comparable (Figure 9).

May—-1994 was a period of minimum numerical cccurrence (less than
15%) of young individuals constituted the population. Organisms
larger than 30 mm length made up more than 15% of the population.
As seen in Figures 10, adult specimens of Mremicpsis was appeared
to be more numerous in inshore and nearshore waters of the
Turkish Black Sea where there are comparatively warmer waters
associated with high river discharge. Adult specimens were at

rare to almost disappear in the Bulgarian. Romanian and Ukranian




EEZ. These zones might provide favorable condition for the
organisms to reproduce. New individuals might be either
circulated from Turkish coast to other open waters of the Black
Sea with the rim current and the main western and eastern gyres
or trapped the main western gyre after the reproduction on the
northwestern shelf of the Black Sea. Overall. the distribution of
Mnemiopsis stages seemed to follow the incoming new generation.
As young individual grew up, their abundance decraesed while
transition stage increased. Hence, adult stages increased. During
this period. the median length is 1.89 cm and is close to the
value of the mean of 2.20 cm. Size-frequency changed from the
gaussian distribution to the normal distribution (Figure 5). This
cruise comprised only the whole western part of the Black Sea.
Mean length was found to increase gradually from Bulgarian,
Romanian and Ukranian EEZ (1.65 cm) to Turkish EEZ (2.37 cm)
(Table 5). Aboral lenagth averaged over the offshore (2.33 cm) was
greater than inshore (1.81 cm). Significant differences in mean
length of Mnemiopsis leidyt were found either between inshore and
offshore areas or between Turkish EEZ and Bulgarian, Romanian and
Ukranian EEZ (Table 5).

The overall results of size composition of Mpemiopsis leidvi in
year 1992-1994 are given in Table 5. Aboral length did not exceed
7 c¢m. Largest individuals (aboral length) measured 7 cm in
January-1992, 5.6 cm in July-1992, 6.6 cm in August-1993, 5.9 cm
in February-1994 and 6 cm in April-1994. Larger individuals
appeared in the coastal water of the south-western part of
Turkish Exclusive Economic Zone. Smaller length measurements
(1.5-2 cm) were often observed in winter seasons (January-1992

and February-1994). Length grew slightly in a periocd of spring
(2.20 cm in April-1994) to summer 2.38 in July-1992 and it
attained 2.88 cm in August-1993) (Table 5).




Major size of the lobate comb--jelly was made up of the saplings
(oral-to-aboral length <10 mm) in high percentage (15-50% April,
1994-Rugust . 1993 and usually 30-50%) in all sampling time (Figure
4). Animals greater than 30 mm rarely made up more than 12-13% of
the total ctenophore density. Aboral lenath frequency
distributions in the sampling time were shown in Figure 5.
However, two distinct modes of lenath class correspond to
individuals hatched in late winter (January-1992 and
February-1994) and late summer (August-1993: Figure 5). From
January to August, numerical occurrence of the younger
individuals declined slightly within a pericd of January to
April. then increased with numerical occurrence of the adult
specimens in August. due to a second outhurst of Mnemiopsis in
the Black Sea (Figure 4). Contribution of transitory lobate-stage
to the stock was not associated with the young and adult
specimens. In the population. while quantity of adult and
precociously reproductive individuals increased. numerical
occurrence of nonreproductive (transistory) lobate-stage
decreased. Seasonality for the generation of Mremiopsis leidvi
resulted mainly from the spawning in the winter and early summer.
Percent number of newly hatched individuals was minimum in later
spring (April-1993). Young individuals have a increasing trend
with the frequency of occurrence from the west to east whereas
real adult specimens are predominant in scuthwestern part of the
Black Sea. ’

Size structure of Mnemiopsis leidvi in the Black Sea showed
marked seasonal fluctuation. On comparison for the mean length in
years 1992-1994, lower length measurements (1.5-2 cm) were often
observed in winter seasons (January-1992 and February-1994).
Length grew slightly in a period of spring (2.20 cm in May-1994)
to summer 2.38 in July-1992 and it attained 2.88 cm in
August-1993) (Table 5). In a period of January to August

occurrunce of the Mrnemiopsis young stages suggested that it might




spawn continuously, but least in April. Qverall, numerical
cccurrence of young specimens increased in Winter. then declined
in April and rose up again in late summer. in contrast to the

distribution of other stages (Figure 4).

Discussion

In the Black Sea, Mnemiopsis leidyi has a dynamic structure in
size distribution in time since it reaches adult stage within
17-20 days (BAKER and REEVE., 1974). In this study. comparison
samples have represented the instantaneous size composition of
the Mnemiopsis at the locations. Besides fast growth of this
animal. additionally. transportation of specimens with water
circulation and much time (at least 20 days) required for
finishing the cruise. have removed the cpportunity to compare the
simultaneocus size distribution of Mnemiopsis leidyi in the Black

Sea.

Biometric relationships of the organisms change depending on the
growth rate, hence, time, place and availability of food in the
media. In this study, empirical equations (in various metric

units) derived were as follows:

W (g) ve. L (cm) W (mg) ve. L (mm) W (g) vs. L (mm)
W=0.927AL%" 227 W=5.501AL% 227 W=0.005501AL% - 227
w=0.393LL2- 163 w=2.658LL% 163 W=0.002658LL2 " 163

The live weight of Mremiopsis was determined from the size
(mm)-weight (mg) equation W=2.36LL° >° for the Black Sea
(VINOGRADOV et al, 1989). The equation found for the same species

2.36

redefined as Mnemiopsis mceradyi was W=0.001LL where live

weight is gramme and lobate length is millimeter (ZAIKA and

SERGEEVA. 1990). The equations, biometric conversion for the
Mnemiopsis leidy? from Narragansett Bay, KREMER and NIXON (1976)




derived are as follows:

1.B872
1.98

W (g)=0.009LL
W (g)=0.01 AL

UYSAL and MUTLU (1993) who recorded first appearance of
Mnemiopsis leidyi in Mersin Bay. Turkish coast of the
Mediterranean Sea. have established the relationship between

length (cm)-weight (g) with the following equations:

w=0.27762LL% 16839
W=0.599arL2 10223
w=0.87147aL1 - 98969
In this study, average wet weight of Mreminpsis leidyi can be
approximated in terms of displacement volume via the
relationship:

W (g)=0.886*V (ml)-0.249
while KREMER and NIXON (1976) derived the equation of
W (g)=1.017*V {(m1)-0.122 and in the Mediterranean Sea UYSAL and
. MUTLU (1993) found the following functional rearession of the
wet-weight relating to settling veolume (ml);
W (g)=0.981138*V (ml1)-0.944635. This equation may be erroneous
because of the equation found for the same species inhabiting the

salted regions of the Medilerranean.

Ratio of aboral to auricle and lobate lengths was 1:0.69:0.65 and
auricle~to-lobate length ratio was 0.94 (Table 3). The AL/LL
ratio calculated is about 0.65, ZAIKA and SERGEEVA (1990) found
the same ratio (0.6) for the Mnemiopsis mccradyi, synonymous with
Mnemiopsis leidyt, of the Black Sea.

Regarding to three stages of Mnemiopsis, aboral-to-auricle length

ratio has increased at each stage. Lobate length-to-bhody width

ratio was less than 1 only at young stage which was devoid of
’




lobe, but delicate with tentacles as becoming in cydippid

larvae.

In years 1992-1994, only one individual has a aboral length of 9
cm (14.8 ¢cm total=lobate length: February-1994) in the offshore
water of Ordu in the Black Sea. Aboral length did not generally
exceed 7 cm (11.5 cm lobate length). Largest indiQiduals (aboral
length) measured 7 cm in January-1992. 5.6 cm in July-1992, 6.6
cm in August-1993, 5.9 cm in February--1994 and 6 cm in
April-1994. Larger individuals were predominant in the prevailing
area of western gyre of the Black Sea. Lardge ctencophores over 45
mm, sometimes as long as 10-13 cm were dominant in the waters of
the central circulation (VINOGRADOV et al, 1992). The largest
individuals collected in late September of 1988 were about 75 mm
long and 40 mm wide (VINOGRADOV et al. 1989). Comparison on the
mean length in years 1992-1994, smaller length measurements
(1.5-2 cm) were often observed in winter seasons (January-1992
and February-1994). Mean lenath increased slightly in a pericd of
spring (2.20 cm in April-1994) to summer (2.38 in July-1992) and
it attained 2.88 cm in August—-1993). base of the lobate
comb-jelly was composed mostly of youna specimens (15-50% April,
1994—-August, 1993 and usually 30-50%). Animals greater than 30 mm
rarely made up more than 12-13% of the total ctenophore density.
Seascnal observation (VINOGRADOV et al.. 1992) in the Gelendzhik
area showed that young ( <10 mm) occurred in the plankton
practically throughout the year, with the lowest abundance
recorded in late March-April and a sharp peak in July-August.
Seasonality for the generation of Mnemiopsis letidyt resulted
mainly from the spawning in the winter and early summer. Minimum
recruitment of newly hatched individuals was in later spring
(April-1993) when mean biomass of this animal was about 0.15 g
per square meter for the entire Sea (MUTLU et al.. 1994). In the
Azov Sea, size structure of the peopulation differ within pericd

of a year. When population development starts (in the beginning
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of summer). mostly adult animals are predominant. Their size is
20-55 mm. Juveniles and larvae constituted of less than 10% of
the population. Between end of summer and late autumn. the
base-population was made up of small and middle size individuals
(5-15 mm) whereas larger specimens were rare at this time
(VOLOVIK et al., 1993).

Young individuals have a increasing trend with the frequency of
occurrence from west to east whereas real adult specimens
appeared in tremendous amount in southwestern part of the Black
Sea. Such distribution suggested that maior spawning area of the
Mnemiopsis were in the eastern part, which warmed up more than
western escarpment of the Black Sea. For fine size distribution
of the Mnemiopsis. time-series study in the field is considered
at every 15-20 day interval which corresponds to time from birth

of the organism to beginning of adult stage in future.
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1. General circulation of the surface water of the Black Sea
{redrawn from OGUZ et al., 1993). The bold line denotes
the rim current. Gray area: shelf area with depth <200 m.

2. Morphometric measurements performed on the individuals.
(Aboral length., AL: lobate length. LL: auricle length,
Arl.,; and body width, BW).

3. Matrix of existing relationship among bioleogical
parameters of Mnemiopsis leidyi. (Wet weight W, g:
settling volume V,ml; aboral length AL, cm; lobate length
LL. cm; auricle length ArL, cm; and body width BW. cm).

4. Seasonal changes in stage composition of Mnemiopsis
leldyt .

(9]

Length distribution of Mnemiopsi=s leidyt in the Black Sea
in years 1992-1994.

6. Spatial distribution of three stages of Mnemiopsis leidyi
in January-1992. Young stage ( < 10 mm aboral length),
transition lobata stage ( 10-30 mm) and adult stage ( >
30 mm) .

7. Spatial distribution of three stages of Mnemiopsis leidvi
in July-1992. Young stage ( < 10 mm aboral length),
transition lobata stage ( 10-30 mm) and adult stage ( >
30 mm) .

8. Spatial distribution of three stages of Mnemiopsis leidvi
in August-1993. Young stage ( < 10 mm aboral length).
transition lobata stage ( 10-30 mm) and adult stage ( >
30 mm).

0

Spatial distribution of three stages of Mrnemiopsis leidyi
in February-1994. Young stage ( < 10 mm aboral length).
transition lobata stage ( 10-30 mm) and adult stage ( >
30 mm) .

10. Spatial distribution of three stages of Mnemiopsis
leidyi in April-1994. Young stage ( < 10 mm aboral
length), transition lobata stage ( 10-30 mm) and adult

stage ( > 30 mm).
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Table 2.

Empirical equations Correlation Sample Frobability
coefficient size (n) level (P)

v=0.926*aL} 987 0.94 450 0.00000
y=0.460ArL2- 974 0.93 450 0.00000
v=0.292p11 - 867 .94 450 0.00000
W=0.886*V—0.249 0.98 49 0.00000
w=0.3930L2-163 0.97 21 0.00000
=0.334pw>- 237 0.97 2 0.00000
=0,927AL% 247 0.95 214 0.00000
w=0.460ArL2 471 0.96 92 0.00000
AL=0.596*LL+0. 205 0.97 215 0.00000
AL=0.357*BW—0.866 0.90 94 0.00000
AL=0.883%ArL-0.149 0.98 94 0.00000
Table 3.
ArLl LL BW W v
AL 0.69 0.65 0.88 0.23 0.11
ArL 0.94 1.27 0.34 0.16
LL 1.36 0.36 0.17
BW 0.27 0.13
W 0.47
a 217 a5 216 a5 215
Table 4
Young stage Lobate stage Adult stage
ArL LL  BW ArlL. LL  DBW Arl, LL  BW
AL 0.67 0.49 0.46 0.74 0.55 0.62 0.76 0.46 0.77
ArL 0.73 0.69 0.74 0.85 0.61 1.01
LL 0.94 1.14 1.67
Fi 144 144 144 216 216 216 101 101 101




Table 5. Overal results of size composition of Mmemiopsis leidyl in years 1992-1994.

"WEST EAST BLACK SEA

Inshore  Offshore Total inshore  Offshore Total Inshore  Offshore Total
Jan-92
Minimum length (cm) 163:0.15 1462015 1642012 065:004 059+006 067004 1251012 033010 113:009
Mean length {em) 2811018 243:0.16 272+0.16 1.48:0.10 1842011 1664008 225:015 198:011 216:0.1
Maximum length {cm) 54510.19 4632030 526:0.17 427:034 470:026 4474022 4941020 466:020 486015
Mean number of specimens (indim2) 5714 §7:4 573 96+7 16418 12316 1314 127¢7 214
Number of station 20 6 26 13 14 29 36 19 56
Jul-92
Minimum length {cm) 227:045 228:031 227:02% t 067¢007 0674007 227:045 1542021 1672020
Mean length (cm) 259:047 298:024 2871022 + 157¢0.14 157+0.14 259:047 2332019 2382017
Maximum [.{cm) 336049 4281021 4012001 t 3742031 3744031 3364049 403:018 331018
Mean number of specmens {ind/m2) 11¢l 2112 1842 t 4613 4643 111 33+2 29¢2
Number of station 8 20 28 ) 17 17 8 37 45
Aug-93
Minimum length (cm) 3112067 2544045 2794037 230zer  103:043 1.124040 3.01:059 195:034 219:030
Mean length {em) 369+056 3394035 3.48+029 240zer  178:040 183037 353:051 270+030 288:026
Maxmum length {cm) 4484056 466+026 4801024  250sem 4043048 3924046 4231054 433025 436:023
Mean number of specmens {ind/m2) 741 31 81 Sterr 554 5114 1t1 28+3 2412
Number of station 7 16 23 1 12 13 3 28 36
Fab-94
Minimum length (cm} 080+0.10 063+0.18 07424012 060£0.12  0S50semr 0581008 072010 060:0.13 0672008
Mean length {cm) 181013 139:020 135:012 160006 182sem 1662007 1682007 187014 177008
Maximum length {cm) 450:000 5204035 492:+026 423:049  300zer 5432124 4344028 6.15:098 514:053
Mean number of specimens {ind/mz} 7314 70£10° 705 96411 16%+err 114211 87+7 95£12 30+6
Number of station 2 3 5 3 1 4 5 4 9

Turkish EEZ Bulgarian, Romanian, Ukranian EEZ BLACK SEA

Apr-9%4 inshore  Offshore Total inshore  Offshore Total inshore  Offshore Total
Minimum length (cm) 077¢0.11  1.16£0.11 1111010 099:019 076£0.13 067:004 081:013 108+0.10 1042008
Mean length {cm) 1786025 237+009 220:009 183+008 217:0.10 166008 1811010 233:008 220:007
Maximum length {cm) 348:068 408+021 4004020 357+069 388:030 447:022 3541048 404:020 391:0.18
Mean number of specimens {indim2) 49+3 49£2 49+2 58+3 5414 12315 556 50+2 52+2
Number of station 4 25 29 7 6 29 1 19 42




