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Abstract:

Mesozooplankton organisms, due to their very important role in the nutrition of fish larvae and juvenile fish,

influence the state of fish stocks and have long-term effects on the demographics as well as composition and
productivity of fish populations. In the autumn season, an expedition was carried out to collect data about
the mesozooplankton community and Alosa tanaica fish population. The mesozooplankton component was
represented by 19 taxa, with the fodder component being dominant. The group of Copepoda was best repre-
sented and had the highest density, followed by the meroplanktonic component. Totally, 120 Black Sea shad
individuals were analysed in order to identify the mesozooplanktonic organisms that this species consumes.
Seventeen taxa belonging to the mesozooplanktonic community were identified in the stomachs of 4. tanai-
ca. The identified items were species of Copepoda, Cladocera and meroplankton, the last being the one that
had the major contribution to the fish diet. The stomach content analysis of 4. tanaica revealed that the most
frequently consumed mesozooplanktonic items were Decapoda larvae, especially those at the mysis stage.
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Introduction

Zooplankton, as an assemblage of the major grazers
in marine food webs, provides the principal energy
pathway from phytoplanktonic primary producers
to consumers at higher trophic levels (RICHARDSON
2008). Most fish species have a pelagic larval phase,
which depends on the zooplankton as an important
food source. Therefore, and because of their abun-
dance, high diversity and vital ecosystem functions,
zooplankton communities are crucial in the marine
food web (RicHARDSON 2008). Availability of suit-
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able zooplankton affects growth and survival of fish
that feed on it; variations in zooplankton abundance
and community composition influence the recruit-
ment of important commercial fish species in both
open and coastal waters (Diaz-GiL et al. 2014).
Research on fish food habits and feeding ecol-
ogy are essential for understanding the roles within
the ecosystems. The knowledge of feeding behav-
iours at marine fishes is essential for assessing fish
stock, ecosystem modelling, prey selection, relation-
ships between predator-prey size, feeding distribu-
tion and selection of habitats (THOMAS et al. 2018).
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Mesozooplankton is a size-based fraction of
the zooplankton community that includes taxa and
stages with body length between 0.2 and 20 mm.
Being the major consumer of the primary produc-
ers, mesozooplankton constitutes the food source of
organisms at higher trophic levels, some of which
are of high economic value (KovaLEv et al. 1998).
Therefore, mesozooplankton can be divided into
two components: the fodder (edible) component,
which has nutritive values, and the non-fodder com-
ponent, which is represented by only one species —
Noctiluca scintillans.

Alosa tanaica (Grimm, 1901), known as Black
Sea shad or Azov shad, is a marine anadromous spe-
cies, which migrates for spawning from sea into
freshwater lakes and rivers (TicaNov et al. 2016).
It feeds on a wide variety of zooplankton (crusta-
ceans), insect larvae and small fish.

The aim of the study was to provide an over-
all description of the mesozooplankton community
as well as its biomass and density being relevant
for fisheries. The analysis of the gut contents of 4.
tanaica provided necessary information regarding
the Black Sea shad feeding, emphasising the impor-
tance of the mesozooplankton community in the fish
diet and thus being helpful in understanding interac-
tions between organisms at different trophic levels.

Materials and Methods

Both mesozooplankton and Black Sea shad samples
were collected in October 2019 from 15 stations lo-
cated along the Northern part of the Romanian Black
Sea waters (Fig. 1). The collected samples were pre-
served in 4 % formaldehyde for further analysis in
the laboratory. A total of 15 zooplankton samples
were collected by vertical tows using a Juday net (0.1
m? mouth opening area, 150 pm mesh size) equipped
with a flow meter in order to estimate the filtered wa-
ter volume. The sampling column depth was 0-20
m, selected taking into account the reported high oc-
currence of pelagic fish in shallow waters (MULKANA
1966) and because the 020 m sampling column is
characterised by the greatest abundance of both fish
and mesozooplankton. Following ALEXANDROV et
al. (2014), the mesozooplankton sample was homog-
enised and quantitative and qualitative processing
was performed in a Bogorov chamber under Olym-
pus SZX10. In the subsamples, all plankters were
counted until each of the three dominant taxonomic
groups reached 100 individuals. For estimation of
the number of large animals, the whole sample was
examined in a Petri dish. The number of individuals
and mean individual weights were used for estimat-
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Fig. 1. Map of sampling stations located along the North-
ern part of the Romanian Black Sea waters.

ing the density as ind.m, respectively the biomass
as mg.m wet weight (ALEXANDROV et al. 2014).

Sampling of 4. tanaica was made using a pelag-
ic trawl of 36 m length, with the horizontal and verti-
cal trawl openings being 24 m and 12 m, respectively.
The collecting bag was of 7 mm mesh size.

The food array study on A. tanaica was per-
formed by analysing the gastro-intestinal content.
The length of each specimen was measured, each fish
was weighted and, after dissection, the stomach was
removed by longitudinal cut and weighted. The con-
tents of each stomach were transferred to a Petri dish
and identified under a stereomicroscope. The quali-
tative analysis consisted of an identification of the
organisms in the gut contents. Food remains, which
were not recognisable due to an advanced stage of
digestion, were recorded as semi-digested food.

PRIMER software was used for statistical anal-
yses, using the non-metric multidimensional scaling
(NMDS) (KrRUSKAL et al. 1978) to examine the rela-
tionships between the mesozooplankton community
and the sampling stations. PRIMER was also used
to assess species-specific contributions (SIMPER),
similarity percentage values indicating the contribu-
tion of a particular species to the 4. tanaica food
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preference. Shade plots which represent multivari-
ate analysis that sometimes can fashion clear com-
munity structures, characterising responses of in-
dividual (or groups of) species across the sample,
were also obtained by using the PRIMER software
(CLARKE et al. 2015).

To find out the feeding rhythm of the fish, Gas-
tro-somatic index (GSI) was calculated using the
formula:

GSI = 100 x Weight of the stomach / Weight
of the fish

Feeding intensity (FI) was studied by deter-
mining the stomach fullness degree and expressed
by the following formula defined by Hy~es (1950):

FI = 100 x Weight of ingested food / Weight
of fish

Frequency of occurrence (% FO,), representing
the number of stomachs, in which each item occurs,
was recorded and expressed as a percentage of the
total number of stomachs examined:

% FO, = (N,/N) x 100

where % FO, is the frequency of occurrence of
given food I, N is the number of stomachs contain-
ing prey I, N is the total number of stomachs with
food (MAHESH et al. 2019).

Results

Spatial distribution of the mesozooplankton
community

Nineteen taxa were identified in the mesozooplank-
ton community (Fig. 2). The copepods represented
the bulk of the community, followed by the mero-
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planktonic component. Out of the seven species of
Copepoda, Oithona similis exhibited the highest
density values, with a peak in the station SINOE 1,
followed by CHITUC 2 and SULINA 3. Oithona
davisae dominated in the stations ZATON 1, ZA-
TON 2 and CHITUC 3 (Fig. 2).

Out of the five meroplanktonic taxa, Bivalvia,
Balanus and Polychaeta reached the highest den-
sity values. Balanus and Polychaeta were the most
abundant at the station SINOE 1 while Bivalvia
dominated at SF. GHEORGHE 3. The Decapoda
and Gastropoda were registered with lower den-
sity values (Fig. 2). Oikopleura dioica reached the
highest density values at the stations ZATON 2,
SINOE 1, PORTIA 2 and ZATON 2 while Par-
asagitta setosa was recorded with low density values
(Fig. 2).

Regarding the quantitative structure of the
mesozooplankton community, variations were re-
corded. The fodder component of the community
was dominant, reaching high values of density
and biomass at most of the analysed stations, with
a maximum at the station SINOE 1 (Fig. 3). The
non-fodder component was represented by Nocti-
luca scintillans and exhibited low density and bio-
mass values.

The non-metric multidimensional scaling
(NMDS) performed for fodder and non-fodder bi-
omass values revealed that the mesozooplankton
community in the Northern part of the Romanian
Black Sea area was significantly similar (80 %),
apart from two stations SF. GHEORGHE 1 and
SF_ GHEORGHE 3 (Fig. 3), which were charac-
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Fig. 2. Shade plot showing the density (ind.m) of the mesozooplankton taxa.
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Fig. 3. A diagram of a NMDS analysis of fodder and non-fodder density values (ind.m™).

terised by very low zooplankton diversity and bio-
mass.

As far as the fodder component is concerned,
the group of the Copepoda was best represented,
reaching the highest values of density at the stations
ZATON 2 (110 ind.m?) and SINOE 1 (95 ind.m™)
(Fig. 4a). Another fodder component with high den-
sity values was represented by the meroplanktonic
component, with a peak at SINOE 1 (71 ind.m?)
and CHITUC 1 (55 ind.m?). The group of the Cla-
docera and “Other groups” showed lower density
values (Fig. 4a).

Based on the density values, the Bray-
Curtis similarity showed that the stations SI-
NOE_1 — ZATON_2, CHITUC_3 — PORTITA 1,
ZATON 1-SULINA 3, SULINA 1-SF GHEO-
RGE 2 and SULINA 2 — SF GHEORGE 3 had a
resemblance of over 90 % (Fig. 4a).

The biomass values for the fodder component
varied, with the Copepoda and “Other groups” ex-
hibiting the highest biomass values. The Copepoda
reached its maximum at the station SULINA 3 (9
mg.m~) and “Other groups” at ZATON 2 (19 mg.m
%) (Fig. 4b). The Bray-Curtis similarity showed a re-
semblance of over 90% for SINOE 2 — SULINA 1,
PORTITA 2 — SULINA 2, ZATON 2 — POR-
TITA 1, SF GHEORGE 2 - ZATON 2 and
CHITUC 3 — SULINA 3 (Fig. 4b).

Stomach content analysis of Alosa tanaica

Totally, 120 specimens of A. tanaica were analysed.
The range of the length of the specimens varied be-
tween 9.8 and 23.4, with the length class of 13.2—
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Table 1. The numerical composition of food items identi-
fied in the stomach content of Alosa tanaica.

Total number of o
Mesozooplankton identified items %

Copepoda 34
Cladocera 164 7
Meroplankton 2263 92

Table 2. GSI& Feeding intensity for the specimens of
Alosa tanaica.

Sampling station GSI Feeding intensity
CHITUC_1 2.1 0.6
CHITUC 2 2.2 0.6
SINOE_1 1.8 0.5
PORTITA 1 2.1 0.6
CHITUC 3 2.1 0.6
PORTITA 2 2.1 2.1
ZATON_2 2.0 0.6

14.9 being frequent in the analysed samples (Fig.
5). The size-frequency distribution of females and
males also significantly differed; in females (72), the
dominant size was 11.8-13.8 cm while it was 12.4-
14.8 cm in males (48). Seventeen taxa belonging
to the mesozooplanktonic community were found
in stomachs of A. tanaica, belonging to Copepoda,
Cladocera and meroplankton (Table 1). The mero-
plankton component was the one that had the major
contribution to the fish diet, with a total number of
2263 items, representing the main source of food,
with a percentage of 92 %.
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Fig. 4. Shade plot showing the density (ind.m*) (a) and biomass (mg.m) (b) of fodder mesozooplankton.

The gastrosomatic index fluctuated throughout
the sampling stations, with the maximum value at
CHITUC 2 and the lowest at SINOE 1 (Table 2).
The fullness index varied between 0.5 and 2.1, with
the maximum value in PORTITA 2 and the mini-
mum in SINOE 1 (Table 2).

The stomach content analysis of A. fanaica
revealed that the most frequent consumed meso-
zooplanktonic items were larvae of the Decapoda,
especially those of the mysis stage. These mero-
planktonic organisms were consumed at all sta-
tions, with the highest frequency of occurrence
at individuals at stations PORTITA 1 (89 %) and
CHITUC 2 (79 %) (Fig. 6). Another considerable
consumed item was Balanus cypris, with the high-

Frequency
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[98,115] (1151321 (132,149) (142, 166] (166, 183] (183,201 (20,217 (217,234
Length (cm)

Fig. 5. Size-frequency distribution of Alosa tanaica.
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Fig. 7. A diagram of a NMDS analysis based on meroplanktonic components from the stomach content of Alosa tanaica.

Table 3. Species-specific contributions, similarity percentage (SIMPER) for items consumed by Alosa tanaica.

Species Average {&V?rage Sim/SD Contribution Cul.nulﬁttive
abundance similarity % contribution %
Decapoda larvae: mysis 3.87 16.65 1.86 31.66 31.66
Balanus larvae: cypris 1.67 9.45 3.01 17.96 49.62
Balanus larvae: nauplii 1.57 7.26 1.42 13.8 63.42
Bivalvia larvae 1.55 6.96 1.44 13.24 76.66

est frequency of occurrence in stations CHITUC 2
(37 %), CHITUC 3 and SINOE 1 (32 %). Zoea lar-
vae of Decapoda had the highest occurrence in POR-
TITA 1 (47 %) and CHITUC 2 (42 %). Balanus
nauplii were consumed in CHITUC 2 (63 %) and
PORTITA 1 (47 %). Bivalvia larvae had the high-
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est frequency occurrence in PORTITA 1 (23 %) and
CHITUC 2 (21 %) (Fig. 7).

Among the copepods, Acartia clausi was pre-
ferred at the stations CHITUC 1 and CHITUC 2
but with low frequency values. Penilia avirostris
was highly consumed by individuals in station
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CHITUC 2, with a frequency of occurrence of
47 % (Fig. 7).

The non-metric MDS performed for stom-
ach contents of A. tanaica revealed a similarity of
60 % between stations CHITUC 1, PORTITA 2,
SINOE 1 and CHITUC 2. These stations formed a
single cluster due to the approximate average val-
ues of the meroplanktonic component, which was
highly preferred as food item.

Based on the SIMPER analysis, it is obvious
that the Decapoda larvae (mysis larvae) contributed
most to the average similarity, being followed by
Balanus and Bivalvia (Table 3).

Discussion

In this study, the spatial distribution of the mesozo-
oplankton community and its relation to the diet of
A. tanaica individuals were investigated. The meso-
zooplankton community was mainly represented by
Copepoda together with the meroplanktonic com-
ponent, which are part of the fodder component.
From the ecological point of view, copepods are
important links in the aquatic food web, consuming
microscopic algal cells of the phytoplankton and
being eaten by juvenile fish and other planktivores.
Meroplankton can represent a substantial part of the
zooplankton community, its contributions to the to-
tal mesozooplankton density being higher in estuar-
ies areas (STUBNER et al. 2016).

In stations closely associated with the fresh-
water input which is higher in station SF_ GHEO-
RGHE 1 and SF_GHEORGHE 3, the mesozoo-
plankton component was poorly represented from
the quantitative point of view, variations in fresh-
water discharge affecting the abundance and dis-
tribution of mesozooplankton (OGHENEKARO et al.
2019).

The non-fodder component of the community,
represented by Noctiluca scintillans, was poorly
represented from the quantitative point of view, this
being an advantage for both fish populations and
mesozooplanktonic organisms. The outburst of .
scintillans is marked by a reduction in the other zo-
oplankters, especially the copepods and can affect
the clupeids, too. This may be due to the fact that
the fishes belonging to the family Clupeidae feed
mostly at the surface, where N. scintillans concen-
trates in high amounts (PrRASAD 1958).

The size distribution graph of A. tanaica in-
dividuals shows a drastically reduced amount of
large-sized specimens (over 14.9 cm). This might
be due to the fact that samples for stomach analysis
were selected randomly from the total catch and,

therefore, the overall representation of the popula-
tion length frequency could be affected.

Values of Gastro-Somatic-Index (GSI) showed
variations in each sampling station, depicting the
medium feeding activity of the fish species during
this time, which may be in correspondence with
the breeding period (TiGaNov et al. 2016). During
spawning season, the ovaries are substantially larg-
er, filling the body cavity and transferring the energy
content of the body to gonads, displacing and limit-
ing the size of the digestive tract, thus limiting fish
feeding (VALINASSAB et al. 2011). There is a clear
variation in the feeding intensity, pattern of feeding
intensity depending on the seasonality of prey abun-
dance and the qualitative species composition (GAR-
RIDO et al. 2008).

Individuals of A. tanaica consumed mero-
planktonic items in high quantities, especially larvae
of Decapoda, Balanus and Bivalvia. The Copepoda
was scarcely preferred as food source, being con-
sumed only at a few sampling stations. Particulate-
feeding planktivores are size-selective predators,
visually detecting, locating and attacking a single
zooplankton individual. During ontogeny, fish often
change their diet, exploiting a series of prey sizes,
from phytoplankton and small zooplankton to larger
prey, foraging mainly on holoplankton and mero-
planktonic items (MADKOUR 2012), as also shown
by the present study.

Clupeids have long been recognised as oppor-
tunistic foragers that feed on suitable food, as encoun-
tered in the habitat. This leads to flexible results in
feeding cycles depending on local conditions (JAMES
1988). It has been commonly recognised that the diets
of these fish reflect the composition of the ambient
plankton communities (NYUNJA et al. 2002).

Taking into consideration that the mesozoo-
plankton community was mainly represented by
Copepoda and meroplankton, we can say that the
analysis of the stomach content of Alosa tanaica is
strongly related to the plankton community, exploit-
ing the feeding resources that were available in the
water column.

Conclusions

The fodder component of the mesozooplankton
community was dominant, reaching high values of
density and biomass in all the analysed stations.
The non-fodder component, which is represented by
Noctiluca scintillans, showed low density and bio-
mass values. The abundance and richness of fodder
mesozooplankton in the study area explain why this
region can represent a growth and feeding zone.
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Variations in mesozooplankton abundance,
biomass and community composition may affect
recruitment of important commercial fish species.
Knowledge of zooplankton dynamics is therefore
essential for understanding the pelagic ecosystem,
especially the lack of suitable mesozooplankton af-
fecting the fish growth and survival and leading to a
decline in fish catches.

The stomach content analysis at A. fanaica
revealed that the most frequently consumed meso-
zooplaktonic items were larvae of Decapoda, espe-
cially the mysis stage, with the highest frequency of
occurrence at individuals in stations PORTITA 1.
Another item highly consumed was Balanus cypris,
with the highest frequency occurrence in stations
CHITUC 2, CHITUC 3 and SINOE 1. Zoea lar-
vae of the Decapoda had the highest occurrence at
PORTITA 1 and CHITUC 2. Balanus nauplii were
consumed at CHITUC 2 and PORTITA 1, and Bi-
valvia larvae had the highest frequency occurrence
at PORTITA_1 and CHITUC 2.

The analysis of fish stomach content provides
information regarding the feeding patterns, repre-
senting an important aspect for fisheries manage-
ment, being the basis for understanding trophic in-
teractions in aquatic food webs

Acknowledgement: The study has been supported by the proj-
ect POIM 123322 ,Revision of the Management Plan and Reg-
ulation of The Danube Delta Biosphere Reserve”.
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