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Abstract: Bluefish Pomatomus saltatrix (L., 1766) is known to be one of the most voracious predators and as such
is considered very important for the state and functioning of the Black Sea ecosystem. In this study, we
explored the current trends in the feeding and growth of bluefish in Bulgarian waters of the Black Sea. We
compared bluefish growth parameters between the past (1950s-1970s) and modern periods (2013-2015),
based on results from this study and historical data (age-at-length and weight) from the literature. During
the autumn of 2013-2015, bluefish showed poor feeding intensity with 75 % of the examined stomachs be-
ing empty. Small pelagic fishes, such as horse mackerel, sprat and anchovy were found to be the preferred
food of bluefish. The study revealed that sexually mature specimens (age 2 and 3) had significantly lower
size and growth rate than those reported in studies from the 1950s-1970s. We hypothesise that this might
be due to a combination of factors, such as a shift in the bluefish diet, from which larger fishes (mackerel
and bonito) disappeared, and intensive fishing.

Key words: Black Sea, bluefish, diet, growth, feeding intensity, food item

Introduction

Before 1970, the pelagic predatory fish species bo-
nito Sarda sarda (Bloch, 1793), bluefish Pomatomus
saltatrix (L., 1766), Black Sea mackerel Scomber
scombrus (L., 1758) and the large variety of the horse
mackerel Trachurus mediterraneus (Steindachner,
1868) (heterosis hybrid, with higher growth rate)
were the preferred targets of fisheries in the Black
Sea (DaskaLov et al. 2007). By the late 1960s, all
of these important fisheries collapsed mainly due to
heavy, unregulated fishing (Daskarov 2002). The
bonito and bluefish stocks were severely depleted,
while the large variety of horse mackerel and the
Black Sea mackerel became extinct in the Black
Sea (ProDANOV et al. 1991). The landings of bonito
and bluefish increased in the late 1980s and 1990s
in Turkey (mostly in the Bosphorus area), but these
species never recovered in the Northern and Western
Black Sea (PropANOV et al. 1997). The depletion of

top predators has provoked a system-wide trophic
cascade, involving four trophic levels, nutrients and
oxygen (DaskaLovV et al. 2007). During the regime
of high abundance, top predators were controlled
mainly by the abundance and availability of their
food. Later, they were depleted by heavy fishing,
releasing the predation pressure on planktivorous
fish, which themselves increased rapidly after 1970.
As a response to increased planktivory by fish, zoo-
plankton declined and jellyfish and phytoplankton
burgeoned. The excessive catch of immature fish
specimens, the competition between small pelagic
fish and jellyfish on forage zooplankton, as well as
the jellyfish’s predation upon fish eggs and larvae
led to the collapse of small pelagic fish stocks in the
early 1990s. Since then, a partial recovery has taken
place mainly due to decreased fishing capacity and
improving environmental conditions (DASKALOV et
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al. 2007), but this combination of uncontrolled fish-
eries and eutrophication has caused important altera-
tions in the structure and dynamics of the Black Sea
ecosystem (DaskaLov 2002).

Bluefish is targeted by the fisheries over its en-
tire global range but in many cases basic biological,
fisheries and stock assessment information is lacking
(Juanes et al. 1996). The shortage of information re-
duces the effectiveness of the stock assessment and
management of historically viable bluefish fisheries
(Ivanov & BEVERTON 1985, CEYHAN et al. 2007).
Bluefish is a marine, pelagic migratory species found
in most temperate coastal regions of the world except
for the Eastern Pacific (SHEPHERD & PACKER 2006).
The species is known to be sensitive to coastal water
quality degradation (POTTERN et al. 1989) and occurs
in relatively warm waters with sea temperature be-
tween 14 and 30°C (FaHay et al. 1999). Its life cycle,
distribution, seasonal migration and spawning are
dependent upon variations in sea water temperature
(SaBATES et al. 2012). A study based on length-at-
age data from bluefish populations suggests three
groupings with different growth rates and length at
first maturity (JUANES et al. 1996). The ‘fast’ growth
group includes populations off North-Eastern North
America and North-Western Africa and tends to have
large sizes at maturity (43-45 cm, TL). The ‘medium’
growth group includes populations in the Black Sea
and off Eastern South America and has intermediate
sizes at maturity (34-35 cm, TL). The ‘slow’ growth
group includes the South African, Mediterranean and
Australian populations, with relatively smaller sizes
at maturity (25-27 cm, TL) (JUANEs et al. 1996).

The bluefish caught in the Aegean, Marmara
and Western Black Seas is considered to belong
to the same unit stock (IVANOV & BEVERTON 1985,
TUrRAN et al. 2006). Bluefish is not a primary target
of the Bulgarian commercial fishery but as a pisci-
vore it is a significant component of the pelagic food
web (PrRoDANOV et al. 1997). It enters the Black Sea
in spring for feeding and spawning and moves back
to the Sea of Marmara in winter (PRODANOV et al.
1997). In the Black Sea adult bluefish is dominantly
piscivorous and feeds mainly on horse mackerel, an-
chovy, mackerel and other fish species (SToyaNOV et
al. 1963). On rare occasions, in the absence of fish
it consumes bottom invertebrates. Bluefish juveniles
feed on zooplankton, such as molluscan larvae, co-
pepods and mysids, but when the individuals reach
6-8 cm of body length, they switch to a diet domi-
nated by fish (Stovyanov et al. 1963, SCHILLING et
al. 2017, LawsoN et al. 2018). Bluefish is reported
to exert a pronounced selectivity of prey and their
sizes (JUANES & CONOVER 1994). During summer
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and early autumn, the juvenile bluefish grow fast-
er, due to high piscivore feeding rates (JUANES &
CONOVER 1994), and may have significant impact on
prey fish populations (BUCKEL et al. 1999, LAwsoN
et al. 2018). In the Black Sea, the predatory impact
of bluefish strongly affects other commercial stocks
(ProDANOV et al. 1991) and is thought to have con-
tributed to the expiration of the Black Sea mackerel
(IvaNov & BEVERTON 1985, PRODANOV et al. 1991).

A literature review shows little information
about bluefish biology in the Black Sea basin. The
available studies refer to: bluefish age—size struc-
ture; growth and feeding (VINOGRADOV 1949, 1960,
TurGaN 1959, Stoianov 1962, KoLAarRov 1963,
1964, 1970, SvETovIDOV 1964, TARANENKO 1973,
ProbpaNOV et al. 1997, IvaANOV & BEVERTON 1985);
bluefish reproductive areas (IVANOV & BEVERTON
1985, GORDINA & Krmmova 1996) and genetic and
morphological variation of bluefish populations
throughout the Black, Marmara, Aegean and Eastern
Mediterranean Seas (TURAN et al. 2006).

The aim of the present study was to explore
bluefish diet and feeding intensity, as well as data on
age, size and growth rate. We performed compari-
sons between the results of this study (2013-2015)
and bluefish growth model derived from historical
studies (1959-1971) conducted in the Black Sea
(TurkaN 1959, StoyanNov et al. 1963, KOLAROV
1964, TARANENKO 1973).

Materials and Methods

Sampling

Totally, 974 bluefish specimens were collected us-
ing gill nets in September-November 2013-2015
from commercial trawl vessels and artisanal fish-
ing vessels, operating in the Bourgas Bay fishing
area (South-Western Black Sea, Fig. 1). The sam-
ples were chilled on ice and further processed in the
laboratory.

Age and growth

Individual total length (TL) was measured to the
nearest 0.1 cm and individual body weight (W)
was measured to the nearest 0.1 g. Age was de-
termined by reading 933 sagittal otoliths. The ex-
tracted otoliths were soaked in distilled water and
examined, using a reflected light microscope. The
von Bertalanffy growth model (VBGM) was ap-
plied to relate fish length to age, following the equa-
tion: L =L [l-exp (k07" where L, is length-at-
age; L_ is asymptotic length; k is growth curvature
parameter and 7, is the point in time when fish has
length zero. The GuLLAND & Hort (1959) and voN
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Fig. 1. Map showing the area of bluefish samples in the South-Western Black Sea, Bourgas Bay.

BERTALANFFY (1934) (SPARRE &VENEMA 1998) plots
were used for estimating the growth parameters k,
t, and L . Because of the lack of specimens older
than 3 years in our samples, the VBGM was fit-
ted only to pooled historical data from 1959-1971
(TurcaN 1959, StovaNov et al. 1963, KoLAROV
1964, TArRANENKO 1973; Appendix 1). We then
compared the present and historical periods based
on VBGM, growth performance index (MUNRO &
PauLy 1984): ¢’=Log(K)+2Log(L ), population pa-
rameters data (body length and weight) and weight-
length relationship (W=axTL®, where a and b are pa-
rameters) derived from the literature (TURGAN 1959,
StovyaNov et al. 1963, KoLAROV 1964, TARANENKO
1973, CEYHAN et al. 2007). Student’s t-test was used
compare population parameters between 1959-1971
and 2013-2015. In order to transform fork length (FL)
from previous studies to total length (TL), we used
a linear regression model (TL=1.1363FL-0.7094),
based on 295 specimens (R?>=0.98).

Stomach content analysis

The stomachs of all 974 bluefish specimens were ex-
amined. The total weight of the stomach contents was
measured to the nearest 0.01 g, and the food items
(measured to the nearest 0.001 g) were identified to

the lowest possible taxonomic level. The importance
of the different prey types in the bluefish’s diet were
assessed using the Index of Relative Importance,
IRI=(%Cn+%Cw)%F (PINkasS et al. 1971), modified
on a percentage basis %IRI=(IRI/XIRI)100 (CORTESE
1997), where %Cn is the percentage of the number
of each food item divided by the total number of the
food items in all stomachs, %Cw is the percentage
of the wet weight of each prey item divided by the
total weight of stomach contents. Bluefish feeding
intensity (or food consumption) was quantified using
the Gastro-Somatic index, Ga.SI=100(total stomach
content weight/total fish weight) (Dgsa1 1970) and
the Vacuity index, VI=100(number of empty stom-
achs/number of examined stomachs) (BErRG 1979).
The length groups in the samples had differ-
ent numbers of specimens. To explore the variation
of food intake as a function of body size, we calcu-
lated individual consumption as the average number
of ingested prey items CN and the average ingested
biomass CW, which were defined as the total num-
ber and, respectively, the total biomass of food items
found in all stomachs of length group L  divided by
the total number of individuals in that length group.
A correlation analysis between the following
pairs of parameters was performed: weekly mean
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Table 1. Numbers N (%), length TL (cm + standard deviation) and weight (g + standard deviation) at-age of bluefish
in Bulgarian bluefish landings, autumn, 2013-2015. Values are mean (+ standard deviation).

Age group N N (%) TL, cm (SD) W, g (SD)
0 559 51.2 17.3 (£0.9) 56.6 (£9.1)
1 379 42.8 19.7 (£0.6) 76.3 (£8.8)
2 25 2.4 23.8 (43.5) 141.3 (£78.1)
3 10 3.6 31.8 (+0.6) 312.6 (£19.2)
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Fig. 2. Bluefish growth curves estimated by the VBGM &
based on age-at-length observation data in the Black Sea X
for 1959-1971 (black line) (TURGAN 1959, STo1ANOV et al. g 1000 |
1963, KoLAROV 1964, TARANENKO 1973) and for the Mar-
mara Sea for 2003-2004 (grey dash line) (CEYHAN et al. ‘ l o
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values of sea water temperature (SST) and Ga.SI;
SST-VI; TL-Ga.SI; TL-VI; TL-CN; TL-CW. SST
data (September, October and November of 2013-
2015) were obtained from www.stringmeteo.com
and from the Laboratory of Marine Ecology in
Sozopol (www.iber.bas.bg). The nutritive values of
the main bluefish food items in terms of crude pro-
tein and total lipid content were calculated (g per g
fish body weight) using data from www.FISHBASE.
ORG, WWW.FAO.ORG, WWW.NDB.NAL.USDA.GOV,
MERDJANOVA (2014).

Results

Age-size and growth parameters

In 2013-2015, four age groups (0-3) were found
in the samples (Table 1). The young individuals of
age 0 years (51%) and 1 year (42%) were the most
abundant in the bluefish landings, while 2- and
3-year-old specimens contributed with less than
10% to the catches.
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Fig. 3. Boxplots of average body length (a) and weight
(b) values in bluefish landings determined by different
authors in the Black Sea. Two-sample t-test analyses
showed that the average body lengths (p<0.0001) and
weights (p<0.0001) at age 2 and 3 in the modern period
differed significantly from historical studies.

In the period 1959-1971, specimens aged 2-7
years were dominant (87.9%) in the landings, and
age class 0 was absent. The estimated von Bertalanffy
growth parameters (1959-1971) were L _=85.4 cm,
k=0.26, t,=- 0.11 (Fig. 2).

The length at age 0.6 years (14.4 cm TL), pre-
dicted by the VBGM (the approximate age of blue-
fish juveniles), was lower than the average value reg-
istered in this study (17.3 cm, TL, Fig. 2). The von
Bertalanfty growth parameters reported in the recent
period in the Marmara Sea (CEYHAN et al. 2007) are
lower than those estimated based on the data from
1959-1971 (Fig. 2). The average body lengths and
weights at age in the recent period differed signifi-
cantly from historical data (Table 2, Figs. 2, 3A, B).
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Table 2. Results of two-sample t-test based on population data (total body length TL at age, weight W at age) from
2013-2015 (this study) and 1959-1971 based on data from TURGAN (1959), Sto1aNoV et al. (1963), KoLarov (1964)

and TARANENKO (1973).

Age group 1 year 2 years 3 years
TL at age, cm (2013-2015; 1959-1971) 19.7;21.9 23.8;35.7 31.8;47.2
Observations (2013-2015; 1959-1971) 25;10 12; 12 4;12
Df 9 22 13
T Stat 1.94 8.67 18.04
P(T<=t) two-tail 0.08 <0.0001 <0.0001
T Critical two-tail 2.26 2.07 2.16
Age group 1 year 2 year 3 year
W at age, g (2013-2015; 1959-1971) 76.3; 105 141.3;557.4 312.6; 942.2
Observations (2013-2015; 1959-1971) 25;3 12;5 4;5
df 2 6 6
T Stat 0.90 7.70 29.41
P(T<=t) two-tail 0.46 <0.0001 <0.0001
T Critical two-tail 430 245 2.45
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Fig. 4. Bluefish prey consumption expressed as food item proportion (biomass) by bluefish size category in autumn
2013-2015, Bulgarian landings. The white colour marks the absence of food items in these length classes. The total
number of bluefish specimens in each length group for the sampling period is shown above each bar.

These differences were especially pronounced
in specimens at age 2 and 3 years, where length and
weight were, respectively, 30% and 70% lower in the
current study than the historical data. The weight—
length relationship calculated for 0-3-year-old in-
dividuals showed that in 2013-2015 the bluefish
had positive allometric growth (a=0.007; b=3.093),
whereas in 1967-1971, it had negative allometric
growth (a=0.025; b=2.735).

Diet and feeding intensity

During the study period (2013-2015) most of the ex-
amined bluefish stomachs were empty; food items
were found in only 25% of the analysed stomachs.

Representatives of six families of bony fishes were
found in bluefish stomachs: Clupeidae (Sprattus
sprattus (Linnaeus, 1758)), Engraulidae (Engraulis
encrasicolus  (Linnaeus, 1758)), Carangidae
(Trachurus mediterraneus (Steindachner, 1868)),
Gadidae (Merlangius merlangus (Linnaeus, 1758)),
Mullidae (Mullus barbatus (Linnaeus, 1758)) and
Gobidae (Mesogobius batrachocephalus (Pallas,
1814) and Zosterisessor ophiocephalus (Pallas,
1814)) (Appendix 2). A caridean shrimp, poly-
chaetes and a scyphozoan medusa were also found
in the stomach content. The most important food
items in the bluefish’s diet were the horse mackerel
(%IRI=58) and the Black Sea sprat (mostly early
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juveniles; %IRI=36). The horse mackerel was the
preferred food, while the sprat was the most numeri-
cally abundant prey in the analysed bluefish stom-
achs (%Cn=53) — almost twice as numerous as the
horse mackerel (%Cn=28). The Black Sea anchovy
was found to be a prey of secondary importance
(%IRI=5, %Cn=9) and all the other registered prey
species were rare in the bluefish diet. In the stomachs
of the largest bluefish (TL>23.5 cm), the only reg-
istered victim was the horse mackerel, while in the
stomachs of the smallest bluefish groups (12.5-16 cm
TL), mostly sprat and anchovy were found (Fig. 4).

During 2013-2015, there were strong positive
correlations between SST and Ga.SI values (0.795 —
Pearson correlation; 0.679 — Spearman correlation),
strong negative correlations between SST—VI values
(-0.863 — Pearson correlation; -0.893 — Spearman
correlation; 0 (Figs. 5A, B) and medium to weak
negative correlation between TL— Ga.SI (-0.359 —
Pearson correlation; -0.402— Spearman correlation)
and TL—VI values (-0.263 — Pearson correlation;
-0.203 — Spearman correlation).

The bluefish feeding intensity (indicated by
the VI and Ga.SI) tended to decrease with the cool-
ing of the sea water and when fish grew (as indi-
cated by the decrease of the Ga.SI and increase of
the VI in the larger length classes, Figs. 6A, B). An
exception was 2015, when higher Ga.SI values in
the biggest size group (23.5 cm TL) were record-
ed. However, in this year’s samples, no specimens
greater than 23.5 cm were found. By contrast, in
2013 and 2014, the fish in the largest groups (>29
cm TL) mainly had empty stomachs. The individual
food consumption (CN and CW) with respect to
body length showed a tendency of decrease in the
largest fish, as the number (CN) of ingested food
items decreased more sharply (-0.492 — Pearson
correlation; -0.381— Spearman correlation) than the
biomass (CW) intake (-0.225 — Pearson correlation;
-0.198 — Spearman correlation (Fig. 7).

As a high rank predator, bluefish hads high
crude body protein and lipid contents (Table 3).

Discussion

The body size of bluefish during the study period
(2013-2015) differed significantly from the body
sizes reported in previous decades. The length-weight
relationship indicated that in 2013-2015, the bluefish
grew faster in weight than in length, whereas in 1967-
1971, it grew faster in length than in weight. Turkish
studies from the Black and Marmara Seas have also
reported lower sizes than those measured in the 1959-
1971 period (TuraN et al. 2006, CEYHAN et al. 2007).
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Table 3. Crude body protein and total lipid contents (g per g fish body wet weight) for bluefish and its main prey items

Species Protein content Data source Lipid content Data source
S. sprattus 0.146 WwwWW.FISHBASE.ORG 0.054 MERDJANOVA (2014)
E. encrasicolus 0.153 WWW.FISHBASE.ORG 0.122 WWW.FAO.ORG; MERDJANOVA (2014)
T. mediterraneus 0.169 WwwW.FISHBASE.ORG 0.08 WWW.FAO.ORG; MERDJANOVA (2014)
S. scombrus 0.173 wwW.FISHBASE.ORG 0.125 NDB.NAL.USDA.GOV
S. sarda 0.179 WWW.FISHBASE.ORG 0.151 WWW.FAO.ORG
P, saltatrix 0.182 WWW.FISHBASE.ORG 0.158 WWW.FAO.ORG; MERDJANOVA (2014)
e 3 mature fish are dominant in the catches. The dramat-
] . ic decrease in bluefish body size over the last few
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Fig.7. Individual bluefish food intake, expressed as av-
erage prey number CN (grey bars) and average prey bio-
mass CW (black line) consumed per fish in each length
group, Bulgarian landings, 2013-2015. The total number
of bluefish specimens in each length group for the sam-
pling period is shown above each bar.

Bluefish spawning occurs in late spring and
summer. Our sampling period covered mainly the
autumn months because no fishing was carried out
in Bulgarian waters in spring and summer in the last
years. Our research on literature did not found re-
cent information on bluefish maturity-at-age/length
in the Black Sea. Previous studies have reported that
bluefish reaches sexual maturity during the second
year (STOYANOV 1963, TARANENKO 1973, POTTERN
et al.1989, CEYHAN et al. 2007). During the 1950s-
1970s, the oldest recorded specimens in the Black
Sea were 7 years old, while in the recent period the
oldest registered fish was 3 years old. Immature
individuals dominante the landings in the Black,
Marmara and Aegean Seas (CEYHAN et al. 2007),
which is consistent with the global tendency that
35% of the landed bluefish individuals are juvenile
(IUCN 2011). In 1959-1971, the main share of the
Bulgarian landings (90%) consisted of mature fish
caught in May-July (reproductive season, KOLAROV
1970). In recent years, the Bulgarian landings are
concentrated in September-December (96% of the
annual landing, NAFA 2016), when small and im-

decades in the Black Sea landings (IUCN 2011) and
the predominance of young individuals may be a re-
sult of growth overfishing of this highly valued fish
(5 euro the kg, GOULDING et al. 2014).

The most important prey items for bluefish in the
Black Sea have historically been the mackerel, horse
mackerel and anchovy (Stovanov, 1963, KoLAROV
1970). The importance of mackerel in bluefish diet
has been reported by various authors (BIGELOW &
SCHROEDER 1953, WiLK 1977). Bluefish has extreme-
ly strong and sharp teeth which are present in fishes
of all sizes, allowing prey larger than the predator’s
mouth to be bitten and swallowed (Bemis et al. 2005).
It is also possible that young bonito has been con-
sumed by bluefish (PRoDANOV et al. 1991).

Korarov (1970) has reported slower growth of
bluefish due to insufficient amounts of horse mackerel
and mackerel. Currently, larger fish such as mack-
erel and bonito are not found in bluefish stomachs.
Therefore, the slower growth rate and low feeding in-
tensity in our study might be due to low food supply.

Juvenile fish has higher feeding intensity but a
smaller individual consumption in weight (LAWSON
et al. 2018). The high consumption rate of juveniles
is a result of consuming prey items containing less
energy (BARTELL et al. 1986, BEAUCHAMP et al.
1989, LawsoN et al. 2018). The larger individuals
have greater total metabolic costs due to the repro-
duction processes (ENBERG et al. 2012). Their food
requirements are generally higher and their feeding
is also stimulated by larger prey size (OLLA et al.
1970, WiLk 1977, ENBERG et al. 2012). Therefore,
larger fish tend to choose fewer large preys, rather
than abundant but less energetically valuable smaller
preys (OLLa et al. 1970, WiLK 1977).

The quantity and the nutritive quality of the
food also affect the growth parameters (KoLAROV
1970, VALIELA 1995, SANTIC et al. 2002, ENBERG
et al. 2012). Different food items are assimilated to
a different degree that affects the amounts of ener-
gy provided by them (MACHOVSKY-CAPUSKA et al.
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2016). For example, yellowfin tuna Thunnus albac-
ares needs to consume 66% more prey to maintain
growth rates if feeding solely on cephalopods rath-
er than fish (WEXLER et al. 2003). In fact, growth
is not sustained below a certain nitrogen content
of the food and it is optimal when relatively large
prey is available, even if it is rare (VALIELA 1995).
Thus, for instance, the northern silverside popula-
tions may increase their growth rate by voluntarily
ingesting larger meals (LANKFORD et al. 2001). This
theory may explain the tendency of decrease of the
ingested prey numbers (CN) observed in this study
and the absence of such a modifying trend in the
consumed biomass (CW) with the predator’s body
length increments. Although the bluefish is reported
to be an opportunistic generalist predator in other
areas (POTTERN et al. 1989, SCHILLING et al. 2017,
Lawson et al. 2018), in the Black Sea we found
their diet to be restricted to fish with sprat and horse
mackerel as dominant preys (Apendix 2, Fig. 4). The
only species registered in the stomachs of large size
groups was horse mackerel, which is the largest and
most nutritive of all food items in the present day
bluefish diet (see Table 3). The decrease of size and
growth in 2013-2015 relative to 1959-1971 may be
due to reduction of large prey in the bluefish diet,
as nutritional value of larger fish is clearly higher.
In the present-day ecosystem, where mackerel has
disappeared and stocks of bonito and horse mackerel
are low, the balance of energy might have shifted
toward costly metabolic expenditures (in terms of
hunting time) to gather the necessary food intake
from smaller preys. The nutritional value of the ju-
venile sprat, which nowadays constitutes a signifi-
cant part of the bluefish diet, may be insufficient to
provide energy for growth rate comparable with the
one in the previous period.

OLLA & STUDHOLME (1975) reported that the
bluefish feeding was relatively stable until the tem-
perature dropped to 13.7°C, while at 12°C the fish
showed little interest in food. In 2013-2015 autumn
seasons, the average sea water temperatures in
Bourgas Bay were higher than these critical levels.
However, the low feeding intensity observed in the
current study cannot be fully explained by the reduc-
tion of the sea water temperature but is likely caused
by the low prey abundance of 7. meditteraneus and
E. encrasicolus. These stocks have dropped con-
siderably after 1990 (DaskaLov et al. 2007) and
although anchovy has partially recovered, its north-
ward migrations in the Bulgarian shelf area are much
less pronounced than before 1990 (STECF 2015).

Intensive fishing may induce changes in fish life
history traits, in both ecological and on evolutionary
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time-scales (ENBERG et al. 2012). Such changes in
response to fishing are the slower growth rate and
the small body size of top predators (BiaNcHI et al.
2000, ENBERG et al. 2012). As a consequence of the
declined body size, a weakened predation impact
may lead to strong trophic cascades (SHACKELL et
al. 2010). SHACKELL et al. (2010) noted that a higher
fraction of the production of the smaller-sized top
predators will be lost to respiration rather than accu-
mulated as biomass that may result in less energeti-
cally efficient populations. It is likely that the slow
growth rate and feeding activity of bluefish in 2013-
2015 are a consequence of a combination of factors,
such as disappearance of mackerel, reduction of
horse mackerel and anchovy and heavy fishing.

In the Black Sea, the commercial fish stocks
are shared between the riparian countries and an im-
plementation of a cooperative fishery management
system is needed to achieve sustainable exploitation
of the fish recourses (CADDY 2008). According to the
Bulgarian legislation, there is no minimum lending
size (MLS) for bluefish (Fisheries and Aquaculture
Act 2017). Conservation measures to reduce the fish-
ing mortality of the juvenile bluefish are applied in
terms of MLS of at least 20 cm (TL) as was initi-
ated by the Turkish Ministry of Food, Agriculture
and Livestock (2011) for the Turkish Black Sea. A
science-based monitoring of landings, discards, size/
age structure and regular international stock assess-
ments of the bluefish in the Black Sea are needed in
order to create conditions for science-based manage-
ment of this important fish resource.

Acknowledgements: The authors acknowledge partial funding
from the EC FP7 projects PERSEUS (GA no: 287600) and CO-
CONET (GA no: 287844).

References

BARTELL S., BRECK J., GARDNER R. & BRENKERT A. 1986. Individual
parameter perturbation and error analysis of fish bioener-
getics models. Canadian Journal of Fisheries and Aquatic
Sciences 43: 160-168.

BEAUCHAMP A., STEWART J. & THOMAS G., 1989. Corroboration of
a bioenergetics model for sockeye salmon. Transactions of
the American Fisheries Society 118: 597-607.

Bemis E., GiuLiaNo A. & McGUIRE B. 2005. Structure, attachment,
replacement and growth of teeth in bluefish, Pomatomus
saltatrix (Linnaeus, 1766), a teleost with deeply socketed
teeth. Zoology 108: 317-327.

BERG J. 1979. Discussion of methods of investigating the food
of fishes, with reference to a preliminary study of the food
of Gobiusculus flavescens (Gobiidae). Marine Biology 50:
263-273.

BiancH1 G., GisLasoN H., GRaHAM K., HILL L., JIN X., KORANTENG
K., MANICKCHAND-HEILEMAN S., Paya I., SAINSBURY K.,
SANCHEZ F. & ZWANENBURG K. 2000. Impact of fishing on



Shift in Growth of an Apex Marine Predator: Bluefish Pomatomus saltatrix in Relation to Changes in Feeding

size composition and diversity of demersal fish communities.
Journal of Marine Science 57: 558-571.

BiGELOW H. & SCHROEDER W. 1953. Fishes of the Gulf of Maine.
Fishery Bulletin of the Fish and Wildlife Service 53 (592):
316-383.

BuckeL J., CoNOVER D., STEINBERG N. & McKownN K.1999.
Impact of age-0 bluefish (Pomatomus saltatrix) predation
on age-0 fishes in the Hudson River estuary: Evidence for
density-dependent loss of juvenile striped bass (Morone
saxatilis). Canadian Journal of Fisheries and Aquatic Sci-
ences 56 (2): 275-287.

CapDY J. 2008. Recent experience and future options for fisheries
assessment and management in the Black Sea: a GFCM
perspective. In GFCM 32 session. Strengthening Coopera-
tion in the Black. Sea. Rome, Italy 25-29 February 2008.

CeyHAN T., AkyoL O., Avaz A. & Juangs F. 2007. Age, growth,
and reproductive season of bluefish (Pomatomus saltatrix)
in the Marmara region, Turkey. ICES Journal of Marine
Science 63 (3): 531-536.

CortesE E. 1997. A critical review of methods of studying fish
feeding based on analysis of stomach contents: application
to elasmobranch fishes. Canadian Journal of Fisheries and
Aquatic Sciences 54:726-738.

DaskarLov G. M. 2002. Overfishing drives trophic cascade in the
Black Sea. Marine Ecology Progress Series 225: 53-63.

DaskaLov G. M., GRISHIN A., RODIONOV S. & MIHNEVA V. 2007.
Trophic cascades triggered by overfishing reveal possible
mechanisms of ecosystem regime shifts. Proceedings of
the National Academy of Sciences of the United States of
America 104 (25): 10518-10523.

DaskaLov G. M., PRopaNoV K. & ZENGIN M. 2007. The Black Sea
Fisheries and Ecosystem Change: Discriminating between
Natural Variability and Human-Related Effects. American
Fishery Society Symposium 49: 587—602.

DEsar V. 1970. Studies on the Fishery and Biology of Tor tor (Ham)
from River Narmada. Journal of the Inland Fishery Society
of India 2: 101-112.

ENBERG K., JORGENSEN C., ERIN S., DUNLOP E., OYSTEIN, VARPE
0., DaviD S., BOUKAL D., BAULIER L., ELIASSEN S. & HEINO
M. 2012. Fishing-induced evolution of growth: concepts,
mechanismsand the empirical evidence. Marine Ecology
33 (1): 1-25.

Euzen O. 1987. Food habits and diet composition of some fish
of Kuwait. Kuwait Bulletin of Marine Sciences 9: 65-85.

FaHAY M., BERRIEN P., JOHNSON D. & MoRSE W. 1999. Essential
Fish Habitat Source Document: Bluefish, Pomatomus salta-
trix, life history and habitat characteristics. NOAA Technical
Memorandum 144, 68 p.

FISHERIES AND AQUACULTURE AcCT. 2017. Chapter 4. Section II.
Art. 38. Annex 2

GORDINA A. & KLivMova T. 1996. On Bluefish (Pomatomus sal-
tatrix) Spawning in the Black Sea. Marine and Freshwater
Research 47: 315-318.

GOULDING 1., SToBBERUP K. & O’ HIGGINS T. 2014. Potential eco-
nomic impacts of achieving good environmental status in
Black Sea fisheries. Ecology and Society 19 (3): 32.

GRANDISON C., PIPER W. & PARTRIDGE L. 2009. Aminoacid imbal-
ance explains extension of lifespan by dietary restriction in
Drosophila. Nature 462: 1061-1064.

Ivanov L. & BEVERTON R. J. H. 1985. The fisheries resources of the
Mediterranean. 2. Black Sea. GFCM Studies and Reviews
60, 135 p.

Juangs F. & CoNOVER D. 1994. Rapid growth, high feeding rates,
and early piscivory in young-of-the-year bluefish (Pomato-
mus saltatrix). Canadian Journal of Fisheries and Aquatic
Sciences 51: 1752-1761.

JuaNEs F., HARE J. & MiskiEwicz A. 1996. Comparing early life
history strategies of Pomatomus saltatrix: a global approach.
Marine and Freshwater Research 47: 365-379.

KoLARoV P. 1964. Size and age composition of bluefish (Pomato-
mus salratrix) of the Bulgarian Black Sea coast. Proceedings
of'the Institute of Fisheries, Varna 4: 207-220 (In Bulgarian).

Korarov P. 1970. Some biological aspects on bluefish of the
Black Sea. Proceedings of the Institute of Oceanography
and Fisheries, Varna 10: 91-98 (in Bulgarian)

LANKFORD E., BILLERBECK M. & CoNOVER O. 2001. Evolution of
intrinsic growth and energy acquisition rates. II. Tradeoffs
with vulnerability to predation in Menidia menidia. Evolu-
tion 55: 1873-1881.

LawsonN L., SUTHERS A., SMITH T., SCHILLING J., STEWART J.,
HuGHEs M. & BRODIE S. 2018.The influence of ontogenetic
diet variation on consumption rate estimates: a marine ex-
ample. Scientific Reports 8 (1): 10725.

MACHOVSKY-CAPUSKA E., SENIOR M., SIMPSON J. & RAUBENHEIMER
D. 2016. The multidimensional nutritional niche. Trends in
Ecology & Evolution 31: 355-365.

MERDJANOVA A. 1994. Fatty acid composition of fish species from
Bulgaria. Synopsis of PhD Thesis. Medical University of
Varna, 51 p. (in Bulgarian).

OLLA B. & STUDHOLME A. 1975. The effect of temperature on the
activity of bluefish, Pomatomus saltartix L. The Biological
Bulletin 141 (2): 337-349.

OLLa B., Karz H. & STUDHOLME A. 1970. Prey capture and feed-
ing motivation in the bluefish, Pomatomus saltatrix. Copeia
2:360-362.

Paury D. & MuNro J. 1984. Once more on the comparison of
growth in fish and invertebrates. Fishbyte 2(1): 21.

PINkAS L., OLIPHANT M. & IVERSON 1. 1971. Food habits of albacore,
blue fin tuna, and bonito in Californian waters. California
Department of Fish and Game Fish Bulletin 152: 1-105.

PotTERN G. B., HuisH M. T. & KerBY J. H 1989. Species profiles:
life histories and environmental requirements of coastal
fishes and invertebrates (mid-Atlantic) — bluefish. U.S. Fish
Wildlife Service. Biological Report 82 (11.94) .U.S. Army
Corps o f Engineers, TR EL-82-4, 20 p.

ProbpaNov K., MikHAILOV K. & DaskaLov G. M. 1991. On the
problem of commercial fishing influence on the abundance
and biomass of mackerel (Somber scombrus), bonito (Sarda
sarda) and bluefish (Pomatomus saltatrix). In: Proceedings
of the Black Sea Symposium. 16-18 September, Istanbul,
pp. 167-174.

PropaNov K., MIKHAILOV K., DAskALOV G., MAaxiM C., CHASH-
CHIN A., ARKHIPOV A., SHLYAKHOV V. & OZDAMAR E. 1997.
Environmental management of fish resources in the Black
Sea and their rational exploitation. GFCM Studies and
Reviews 68: 126-127.

SABATES A., MARTIN P. & Raya V. 2012. Changes in life-history
traits in relation to climate change: bluefish (Pomatomus
saltatrix) in the northwestern Mediterranean. ICES Journal
of Marine Science 69 (6): 1000—1009.

SANTIC M., JARDAS . & PALLAORO A. 2002. Age, Growth and
Mortality Rate of Horse mackerel Trachurus trachurus (L.)
Living in the Eastern Adriatic. Periodicum Biologorum
104:165-173.

ScIENTIFIC, TECHNICAL AND EcoNomIC COMMITTEE FOR FISHERIES.
2015. Black Sea assessments (STECF-15-16). Publications
Office of the European Union, Luxembourg, EUR 27517
EN, JRC 98095, 284 p.

SHACKELL N., FRANK K., JONATHAN A., FISHER J., BRIAN PETRIE
B. & LEGGETT W. 2010. Decline in top predator body size
and changing climate alter trophic structure in an oceanic
ecosystem. Proceedings of the Royal Society of London.
Series B, Biological Sciences 277: 1353-1360.

71



Georgieva Y. G. & G. M. Daskalov

SHEPHERD G. R. & PACkER D. B. 2006. Essential Fish Habitat
Source Document: Bluefish, Pomatomus saltatrix, Life His-
tory and Habitat Characteristics, 2" Edition. NOA A Techical
Memorandum 198, 89 p.

ScHILLING T., HUGHES M., SMITH A., EVERETT D., STEWART J. &
SuTHERS M. 2017. Latitudinal and ontogenetic variation in
the diet of a pelagic mesopredator (Pomatomus saltatrix),
assessed with a classification tree analysis. Marine Biology
164(4): 75.

SPARRE P. & VENEMA S. 1998. Introduction to tropichal fish stock
assessment.Part [. Mannual. Fisheries Technical Paper, Rev.
2, Rome, FAO, 306.1, 240 p.

Stovanov S., GEORGIEV H., Ivanov L., NikoLov P., KoLAROV
P., ALEXANDROVA K. & KARAPETKOVA M. 1963. Fishes of
the Black Sea. Varna: State Publishing House, 106 p. (in
Bulgarian).

SveETovIDOV A. 1964. The fish in the Black Sea. In: Key to the fauna
of'the USSR. Vol. 86. Moscow: Nauka. 553 p. (In Russian).

TARANENKO N. 1973. Some biological and fishery data of bluefish
in the Black Sea. Proceedings of Russian Federal Research
Institute of Fisheries and Oceanography 93: 149-162. (In
Russian).

TURGAN G. 1959. Recherches preliminaires sur la biologie des
Temnodon saltator (tassergal) qui font leur migration par
les detroits des Dardanelles et du Bosphore. International
commission for Scientific Exploration of the Mediterranean
Sea 15: 409-420.

TuraN C., OrRAL M., OzTURK B. & DuzGUNEs E. 2006. Morpho-
metric and meristic variation between stocks of Bluefish
(Pomatomus saltatrix) in the Black, Marmara, Aegean and
northeastern Mediterranean Seas. Fisheries Research 79:
139-147.

TURKISH MINISTRY OF FOOD, AGRICULTURE AND LIVESTOCK 2011.
The Black Sea fisheries approach of Turkey. https://www.
yumpu.com

VALIEVA L. 1995. Marine ecological processes. 2™ edition. New
York: Springer-Verlag and Heidelberg, 686 p.

VINOGRADOV K. 1949. List of fish of Crimea. Proceedings of the
Karadag Biological Station 7: 76—105. (In Ukrainian).

VINOGRADOV K. 1960. The ichthyofauna of the Northwestern Part
of the Black Sea. Monograph. Institute of Hydrobiology,
Proceedings of the Ukrainian Academy of Sciences. 59 p.
(in Ukrainian).

WIiLK S. J. 1977. Biological and fisheries data on bluefish, Poma-
tomus saltatrix (Linnaeus). US National Marine Fisheries
Service, Northeast Fisheries Science Center. Sandy Hook
Lab. Technical Series Report 11: 17-56.

HTTP://WWW.IUCNREDLIST.ORG/DETAILS/FULL/190279/3

HTTP://WWW.FAO.ORG/INFOODS/INFOODS/TABLES-AND-DATABASES/
FAOINFOODS-DATABASES/EN/

HTTP://WWW.FISHBASE.ORG

HTTP://WWW.STRINGMETEO.COM

Received: 05.04.2018
Accepted: 11.10.2018

APPENDIX 1. Average body length at age (TL, cm) input data used for the VBGM. The shown TLs are calculated based
on FLs from TURGAN (1959), STtoyanov (1963), KoLarROV (1964) and TARANENKO (1973).

Age group/Year | 1959 | 1959 | 1960 | 1961 | 1962 | 1962 | 1963 | 1967 | 1968 | 1969 | 1970 | 1971
1 21.4 19.9 25.2 26.7 - 16.0 21.3 18.3 26.1 - 23.5 20.3
2 37.1 30.9 34.5 394 31.9 33.9 324 38.4 37.4 40.8 38.0 34.1
3 51.8 47.6 43.4 46.7 49.2 47.4 41.1 48.2 49.9 47.4 47.4 46.4
4 62.1 53.7 - 52.9 53.6 58.0 56.5 56.3 52.6 54.7 57.4 -
5 64.7 59.4 66.1 62.2 58.2 62.4 61.8 - 62.0 65.1 62.4 63.4
6 70.1 65.4 69.4 - - 66.2 66.6 - 67.9 72.5 66.2

Appendix 2. Average values of the indices Numerical abundance (%Cn), Gravimetric composition (%Cw) and Index
of Relative Importance (%IRI) for prey items found in the bluefish stomachs in the Bulgarian Black Sea in September-

November, 2013-2015.

Food item Cn (%) Cw (%) IRI (%)
M. barbatus 2.9 4.0 0.5
T meditteraneus 28.0 54.7 58.2
E.encrasicolus 9.4 15.8 4.5
S.sprattus 52.8 19.6 36.2
M. batrachocephalus 0.4 1.8 +
Z. ophiocephalus 0.2 0.5 +
M.merlangus 0.4 0.1 +
Gobidae 0.2 0.2 +
Pisces 3.1 1.5 0.4
Caridea 2.0 1.5 0.2
Polychacta 0.2 + +
Scyphozoa 0.2 0.1 +

Values less than 0.1 are marked with “+”
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