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Abstract

The purpose of this study was the analysis of spatio-temporal variations of length, total mass and the Fulton condition
factor (useful index for monitoring feeding intensity) as well as of the length-total mass relationship, which is an
important parameter, which helps to know the growth pattern of fish populations. A number of 1200 individuals from
the Trachurus mediterraneus species (Steindachner, 1868) that were collected from pelagic trawls and stationary
uncovered pound nets along the Black Sea coastal area in the periods 2013-2015 and 2018-2020 were analysed. The
average lengths and weights were 11.4 + 2.3 cm and 14.0 = 8.3 g, respectively, and the minimum and maximum values
were 3.0 and 19.0 cm in length and 0.6 and 61.2 g in weight. The value of exponent b in the equation is 2.9485,
indicating that the weight increase is allometrically positive. The mean value of the Fulton was 0.84 + 0.11, and the
minimum and maximum values were 0.42 and 1.74. The average length and average weight were significantly
correlated with the Fulton index (r = - 0.069; p = 0.017, respectively r = 0.168; p < 0.0001). The total length and the
Fulton index of horse mackerel varied significantly between stations and between years and months, which is most
likely due to seasonal variations, as well as trophic differences between areas.
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INTRODUCTION The continuing decline in populations of many
fish species, including horse mackerel, is
The ichthyofauna of the Black Sea has  mainly due to the deterioration of the habitats
undergone significant changes in the last 60  necessary for their survival. In a few decades,
years, both in the qualitative and quantitative  the intensification of many human activities,
structure, as well as in the behaviour of the such as agriculture, industry, energy, transport
different species (Nicolae et al., 2018). These  and tourism, has led to the loss or
changes are, most probably, the consequences fragmentation of natural habitats (Yatsu, 2019).
of human activities, both directly through  For centuries, traditional forms of agriculture or
fishing pressure and indirectly through the  traditional fishing activities have represented a
deterioration of environmental conditions. The = way of efficient resource management (FAO,
Black Sea basin is characterised by the fact that 2020). The abandonment of these activities and
most fish occupy large areas in exclusive areas  their application on an industrial scale, without
of the riparian countries and make feeding and studying the resilience limits of natural fish
spawning migrations throughout the basin. In  populations, has led to a depletion of stocks,
this connection, the Romanian coastline  biodiversity and changes in the landscape.
occupies an important place, being known for The horse mackerel Trachurus mediterraneus
its role in feeding and reproduction of the main  (Steindachner, 1868) is a member of the
species, although the biomass of -catches Carangidae family and represents a large part
obtained in this area is quite low. of the amount of fish caught in the Black Sea
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basin (Cocan & Miresan, 2018). Species of the
Trachurus genus are pelagic fishes of economic
importance. A small pelagic species, the horse
mackerel is also important to Romanian
fisheries for economic and social reasons.

The biological characteristics of horse mackerel
have been previously characterised in different
areas of the Black Sea. Prodanov et al. (1997)
studied the growth and estimated the optimum
exploitation level of horse mackerel along the
Bulgarian coast. Yankova & Raykov (2006)
reported data for growth parameters and natural
mortality coefficient of this species in Turkiye.
Ambroaz (1954) investigated the distribution,
migratory patterns, and catch composition. The
biology of this species along the Romanian
coast was reported in 1979 by Cautis & Ionescu
and by Paun et al. (2019a; 2019b; 2020; 2021).
Despite the significant number of studies on
horse mackerel, there is a lack of recent data on
the morphometry and reproduction of this
species on the Romanian coast.

This scientific research analyses a time series
(2013-2015 and 2017-2020) of data from
pelagic trawls and stationary fishing nets found
along the Black Sea coast, with the aim of
analysing the spatio-temporal variations of the
main biological parameters (length and total
weight and the condition factor).

In particular, length-weight relationships have
important applications in fisheries science and
population dynamics, such as length-weight
conversion for biomass estimation, building
stock assessment models and estimating fish
health status (Froese, 2006). In addition, they
allow the monitoring of seasonal variations in
fish growth and the comparison of
morphological traits and life history between
species or populations in different habitats and
regions (Richter et al., 2000). Indices or
condition factors are widely used to study the
biology of fish because they provide relevant
information about the psychological state of
fish, based on the principle that individuals of a
given length that are heavier are in better
condition (Craig et al., 2005).

Environmental fluctuations are thought to
strongly influence the abundance of pelagic
species and can also lead to changes in life
history and growth patterns; therefore, data
collected from long-term studies are essential
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for determining average growth parameters
(Bellido et al., 2000).

This scientific research contributes to
improving information on the biology of horse
mackerel in Romanian Black Sea waters in
order to develop sustainable management
measures for these species (Paun et al., 2021).

MATERIALS AND METHODS

The study area was located in the northwestern
and southern part of the Black Sea (Figure 1).
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Figure 1. Study area (Original by ArcMap)

For this study, 1200 individuals were collected
from pelagic trawls and uncovered stationary
fishing nets along the Black Sea coast in the
northern area (Gura Portitei, Periboina, Vadu,
Corbu, Platforme, Cap Midia, Camp Navodari
Camp, Navodari, Mamaia, Constanta) and the
southern area (Agigea, Eforie Sud, Costinesti,
Olimp, 2 Mai, Vama Veche) in the 2013-2015
and 2018-2020 periods.

The fish caught were immediately refrigerated,
packed in ice packs, and transported to the
laboratory for measurements. Total length
(TL), defined as the distance from the tip of the
snout to the tip of the caudal lobes, was
measured. Total length was measured to the
nearest 0.1 cm and body weight (W) to the
nearest 0.1 g. The instrument used to measure
length was the ichthyometer, and an electronic
scale with increased accuracy was used to
determine weight. For some analyses, indivi-
duals were grouped into 1 cm length classes.
The length-weight relationship was used to
determine the maintenance status of the fish
and the type of growth (isometric or
allometric). A coefficient b = 3 means linear



isometric growth of the fish (length and weight
increase proportionally) (Ricker, 1975).
Statistical processing of the data was performed
with the Statistica V12.7 software. First, stake
data tables were created, bringing together
individual and station codes, geographic
coordinates (latitude, longitude), depth zone
data, survey regions, sampling year and month,
total weight (TW), total length (TL), and the
annual variation of the Fulton index (Kn).
Normality of data was tested using the Shapiro-
Wilk test and homogeneity of variances was
tested using the Levene test.

Depending on the results of these tests,
parametric Anova or Ancova tests (covariance
test) were used to analyse the effect of length
separately from the effect of other factors: sex,
seasons, years and months, Fisher (F) (if
normality and homogeneity of variances were
respected) or non-parametric Kruskal-Wallis
(for more than two samples, H) or Mann-
Whitney (for two samples, Z) tests (if
normality or homogeneity of variances were
not respected).

Significant tests (F, H or Z) and p-values
(probability) have been indicated in the text and
figure legends.

Comparison of pairs of values between sexes,
stations, years and months was performed using
multiple comparison tests of mean ranks or post
hoc tests (Newman-Keuls or Bonferonni).

The Fulton index was calculated for the 1200
individuals sampled.

After taking biometric measurements and
weighing individuals, the Fulton index (K) was
calculated (Beverton & Holt, 1957), according
to the following formula:

K= (W/1?) x 100, where:

W = weight, in grams;

1 = standard length, in cm.

Statistical analyses of individual Fulton index
values were performed using STATISTICA
12.7 to analyse differences between sexes,
stations, years and months.

RESULTS AND DISCUSSIONS

Distribution of sampled individuals

Trawl samples were collected only from the
stations in the northern area i.e.: Gura Portitei,
Periboina, Platforme, Corbu, Navodari Camp,
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Mamaia and Constanta, and the stationary
uncovered pound nets samples were collected
from both the north stations: Vadu, Corbu,
Camp Navodari and from the south ones/
stations: Agigea, Eforie, Costinesti, Olimp, 2
Mai and Vama Veche.

Of the 1200 individuals analysed, 671 were in
the northern area and 529 in the southern area.
The highest number of individuals sampled was
in Corbu station (270) and the lowest number
of individuals analysed was in Mamaia and
Olimp stations (Figure 2).

= Gura Portitei (20)

= Periboina (20)
Vadu (82)

= Corbu (270)

= Platforme (37)
Cap Midia (150)

= Tabara Navodari (33)

= Navodari (20)

= Mamaia (10)

= Constanta (29)

= Agigea (40)

= Eforie Sud (52)

= Costinesti (178)

= Olimp (10)
2 Mai (197)

= Vama Veche (52)
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Figure 2. Distribution of sampled individuals per station

Most individuals were sampled in July 2018,
the month with the highest number of
individuals sampled over the entire study
period, which may also be due to the breeding
period of the horse mackerel (Figure 3).

May Junc July August  Scptember  October  Novembcr

=2013 ®=2014 =2015 =2018 =2019 =2020

Figure 3. Distribution of individuals analysed by years
and months

The lowest number of individuals sampled (10
individuals) was found in May in 2019 and also
in September 2018 (11 individuals).

On the Romanian coast, the horse mackerel
appears when the water temperature exceeds
13°C, usually in the last decade of May, and
remains near the coast until autumn, in
November, when the water temperature drops
below 14°C.



Total length and total mass of horse
mackerel

In this study a number of 1200 individuals were
analysed. The average lengths and weights
(+ standard deviation) were 11.4 £ 2.3 cm and
14.0 £ 8.3 g, respectively, and the minimum
and maximum values were 3.0 and 19.0 cm in
length and 0.6 and 61.2 g in weight.

Their average lengths and weights were
significantly  correlated, the relationship
between total weight and total length being:
W =0.0094 x TL>*5, as it results in Figure 4.

W (=)

Figure 4. Relationship between total length (TL, cm) and
total weight (W, g) in all horse mackerel analysed on the
Romanian Black Sea coast in the period 2013-2020,
males and females

In the case of horse mackerel individuals
analysed for the period 2013-2015 and 2018-
2020, the length-weight correlations had
positive values. Correlation takes values
between 0 and 1 R? (0;1) which can be
converted to percentage values (V R?).

The value of correlation becomes very
important when values can be compared for a
larger set of data and over a long period of
time. Also, the closer the value of R is to 1, the
tighter the correlation is (Fowler et al., 1998).
The length-weight relationship is used to
determine the body condition of the fish and
the type of growth (isometric or allometric). A
coefficient b = 3 signifies linear isometric
growth of the fish (length and weight increase
proportionally) (Ricker, 1975). Thus, for males
the equation is W = 0.0092-TL2.9593 and for
females it is W = 0.0092-TL2.9585, thus
showing a linear isometric growth pattern,
undifferentiated by sex.

The length and total weight of males did not
differ significantly from that of females (p >
0.05), but juveniles had a mean total length and
mean total weight significantly lower than
those of males and females (7.5 + 1.3 cm and
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respectively 3.4+ 1.2 g) (H=146.09; p <0.001
and respectively H = 155.05; p <0.001).

Males and females were grouped as adults
(TL = 11.6 £ 2.0 cm) for statistical analyses of
spatial (between stations) and temporal
variation across years and months.

Overall and for adults, depth of sampling
stations from 2018-2020 was not correlated
with total length and total weight (p > 0.05).
For juveniles only, significant negative
correlations appear, with larger juvenile
individuals of greater size and weight collected
at shallower depths (r = -0.38; p = 0.004 and
r=-0.52; p <0.0001, respectively).

Spatial variation of total length

Horse mackerel total length varied between
stations (H = 160.89; p<0.001). The largest
adults (males and females) were sampled at the
Olimp station (14.4 + 1.0 cm) and the smallest
at the Navodari station (9.5 += 1.5 cm)
(H = 140.35; p<0.001) as shown in Figure 5.
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Figure 5. Spatial variation in total length (TL, cm) in
adults (males and females) (H=140.35; p <0.001) and
juveniles (H=45.07; p <0.0001)

Different letters indicate significant differences for adults
(upper case) and juveniles (lowercase)

In juveniles, the largest were measured at the
Vadu station (8.5 = 0.2 cm) and the smallest at
the 2 Mai station (3.1 £ 0.1 cm) (H=45.07; p <
0.0001).

Annual variation in total length

The total length of horse mackerel showed
inter-annual variations (H = 318.81; p < 0.001).
The largest adults (males and females) were
sampled in 2015 (13.8 £ 1.2 cm) and the
smallest in 2014 (8.8 = 1.5 cm) (H = 331.26;
p <0.001) as shown in Figure 6.



In juveniles, the largest were measured in 2020
(8.0 £ 0.7 cm) and the smallest in 2013 (3.1 +
0.1 cm) (H=331.26; p <0.001).
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Figure 6. Annual change in total length (TL, cm) in
adults (males and females), (H=331.26; p < 0.001) and
juveniles (H =26.82; p <0.0001)

Different letters indicate significant differences for adults
(upper case) and juveniles (lower case)

Monthly variation of total length

The largest adults (males and females) were
sampled in May (13.0 £ 1.0 cm) and the
smallest in November (104 + 1.5 cm) (H =
111.51; p < 0.001). In juveniles, the largest
were measured in August (7.9 £ 1.2 cm) and
the smallest in June (6.5 = 2.1 cm) (H = 20.36;
p <0, 0001), as result in the Figure 7.
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Figure 7. Monthly variation of the total length (TL, cm)
in adults (males and females), (H=111.51; p <0.001)
and juveniles (H =20.36; p <0.0001)

Different letters indicate significant differences for adults
(uppercase) and for juveniles(lowercase)

Fulton index of relative body condition

The mean value of the Fulton index (+ standard
deviation) was 0.84 £ 0.11, and the minimum
and maximum values were 0.42 and 1.74.
Average length and average weight were
significantly correlated with the Fulton index
(r="-0.069; p = 0.017, respectively r = 0.168;
p <0.0001).

The Fulton index in males was not significantly
different from females (p > 0.05), but juveniles
had a significantly lower index than males and
females. (0.82 + 0.22 cm) (H 22.68;
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p <0.0001). Males and females were regrouped
as adults (0.84 + 0.1 cm) for statistical analyses
of spatial (between stations) and temporal
variations of the Fulton index by year and
month.

Globally, for both adults and juveniles, the
depth of sampling stations from 2018-2020 did
not correlate with the Fulton index (p > 0.05).

Spatial variation of the Fulton index

The Fulton's index of horse mackerel varied
significantly between stations (F 9.50;
p < 0.0001), as shown in Figure 8, and as a
function of individual length (F 19.04;
p <0.0001).
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Figure 8. Spatial variation of the Fulton index (K) in
adults (males and females),
(F=17.82; p <0.0001) and juveniles (F = 15.39;
p <0.0001)
The different letters indicate significant differences for
adults (uppercase) and juveniles (lowercase)

In adults (males and females), the highest
values were measured at Eforie station (0.90 £
0.11) and the lowest at Vadu station (0.78 +
0.08) (F = 7.82; p < 0.0001). In juveniles, the
highest Fulton index values were measured at
2 Mai station (1.74 + 0.0) and the lowest at
Vama Veche station (0.73 + 0.03) (F = 15.39;
p <0.0001).

Their length also had a significant influence on
the value of the Fulton index for both adults
(F =7.66; p = 0.006) and juveniles (F = 41.44;
p=0.0001).

Annual variation of the Fulton index

The Fulton index of horse mackerel showed
inter-annual variations (F = 33.73; p < 0.0001),
as well as depending on the length of
individuals (F = 17.12; p < 0.0001).

In adults (male and female), the highest values
were measured in 2018 (0.91 + 0.09) and the



lowest in 2020 (0.79 + 0.1) (F = 32.32;
p <0.0001).

In juveniles, the highest values of the Fulton
index were measured in 2013 (1.74 + 0.0) and
the lowest in 2020 (0.75 + 0.14) (F = 14.84;
p <0.0001) as shown in Figure 9.
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Figure 9. The annual variation of the Fulton index (Kn)
in adults (males and females), (F = 32.32; p <0.0001)
and juveniles (F = 14.84; p <0.0001)

Different letters indicate significant differences for adults
(uppercase) and juveniles (lowercase)

Their length also had a significant influence on
the value of the Fulton index both for adults
(F = 623; p = 0.01) and for juveniles
(F=28.58; p=0.0001).

Monthly variation of the Fulton index

The Fulton index of horse mackerel showed
variations between months (F = 23.02;
p < 0.0001) as shown in Figure 10, as well as
depending on the length of individuals
(F=19.67; p <0.0001).

In adults (males and females) the highest values
were measured in May (0.94 + 0.08) and the
lowest in June (0.77 + 0.08) (F = 26.41;
p < 0.0001). In juveniles, the highest Fulton
index values were measured in June (1.09 +
0.64) and the lowest in August (0.78 £ 0.23)
(F=4.27;p <0.0001).
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Figure 10. Monthly variation of the Fulton index (Kn) in

adults (males and females), (F = 26.41; p <0.0001) and
juveniles (F =4.27; p <0.02)

Their length also had a significant influence on
the value of the Fulton index for both adults
(F=11.1; p=10.001) and juveniles (F = 124.8;
p=0.0001).

The average lengths and weights (+ standard
deviation) 11.4 + 2.3 ¢cm and 14.0 = 83 g,
respectively, and the minimum and maximum
values 3.0 and 19.0 cm for length and 0.6 and
61.2 g for weight differs from those reported by
Yankova & Raykov (2006) from the Bulgarian
Black Sea coast (6.5-19 cm, respectively) and
by Kasapoglu & Duzgunes (2012), respectively
13.53 £ 0.1 cm for the Black horse mackerel
populations from the Turkish Black Sea coast
(7.4-14.5 cm), as shown in Table 1.

Table 1. Comparison of average length and weight of
horse mackerel with other studies in the Black Sea

References Zone Average Average
length weight (g)
(cm)
Kasapoglu Black Sea  13.53+0.1 20.72+3.1
& Duzgunes, (TR)
2012
Ozdemir et Black Sea  13.024+0.02 18.24 0.1
al.,, 2015 (TR)
Kasapoglu,  Black Sea  12..3+2.8 -
2018 (TR)
Paun et al., Black Sea 11.5+2.1 143+83
2021 (RO)
Paun et al., Black Sea 12.6 0.5 19.12+0.5
2019b (RO)
The present  Black Sea  11.4+23  14.0+83
study (RO)
However, there were differences in mean
length  values  between  investigations.
According to Ozaydin et al. (2000), such

differences can be attributed to the sampling
strategy used, such as the sampling period, as
well as temperature variations and likely
differences in the trophic potential of the
various areas.

Regarding the length-weight relationship, the
values of coefficients a and b in other studies
from the Black Sea were analysed and
compared with those in the present study
(Table 2).

The values of coefficient b, for horse mackerel,
highlighted in the present study, do not differ
significantly (p > 0.05) from the values
identified in other studies.

Differences in b values can be attributed to one
or more factors: season and the effects of
different regions, differences in  water



temperature and salinity, sex, food availability,
differences in the number of specimens
examined, as well as in the observed length
ranges of the captured species (Goncalves et
al., 1997, Ismen et al., 2009, Froese et al.,
2011).

In 2019 and 2020, the number of juveniles
increased significantly, this may be due to the
overexploitation of the horse mackerel stock. A
large proportion of immature and juvenile
individuals below the optimum catch length
(discarded catch) were taken by coastal
fishermen from the stock and sold on the
market under the counter or destroyed at sea.
To eliminate this trend, which is an indicator of
increasing overfishing, new fishing methods
and management planning for horse mackerel
stocks are considered necessary (Daskalov et
al., 2012).

Table 2. Values of coefficients a and b in black horse
mackerel (comparative analysis)

References Zone a b

Sahin et al., 2009 Black Sea 0.0089  2.9552
(TR)

Yankova et al, 2010 Black Sea 0.0035  3.3046
(BG)

Yankova et al., Black Sea 0.0050 3.1680

2011 (BG)

Kasapoglu and Black Sea 0.0060  3.1040

Diizgiines, 2012 (TR)

Ozdemir et al., Black Sea 0.0057  3.1249

2015 (TR)

Kasapoglu, 2018 Black Sea 0.0050  3.138
(TR)

Paun et al.,2021 Black Sea 0.0073  3.0546
(RO)

Paun et al.,2019 b Black Sea 0.0121  2.8633
(RO)

Yankova et al., Black Sea 0.078 3.2412

2020 (BG)

The present study Black Sea 0.0094  2.9485
(RO)

Horse mackerel total length varied between
months (H=108.79; p <0.001).

As Borcea (1928) also pointed out, larger
specimens of the black horse mackerel, 13-
20 cm in length, appear on the Romanian coast
in spring; from July, the smaller specimens of
9-12 c¢m approach the coast, and from August,
the youngsters of this species appear.

Similar to the Bulgarian Black Sea coast,
Yankova et al. (2020), in their study found that
the largest individuals sampled were in June
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and August (12.5 cm), and the smallest were
found in November, their proportion dropping
to 9-10 cm, which is due to juvenile individuals
aged 0+.

Regarding the Fulton index, Yankova et al.
(2020), in their study conducted on the
Bulgarian Black Sea coast, found values of the
Fulton index K = 0.804-0.828 in the analyzed
period 2018-2019.

Yankova (2013), in her study, found that the
value of the growth coefficient K increased
(0.64 per year). This may probably be due to
the average annual water temperature in the
Black Sea during summer and partly to the
dominance of age 2+ individuals in the catch.
The sea surface temperature showed high
cooperative values in the range 28-31 degrees
Celsius (Roessig et al., 2004).

Sudden changes in temperature can have
disastrous effects on fish populations (e.g. heat
stress) (Abdulakarim et al., 2005). It is
observed that the K value is higher in young
(juvenile) fish.

CONCLUSIONS

The average lengths and weights in the present
paper differ from those recorded on the
Bulgarian and Turkish coast of the Black Sea.
Such differences can be attributed to the
sampling period as well as to temperature
variations and likely differences in the trophic
potential of the various areas.

Mean lengths and weights were significantly
correlated, with the relationship between total
weight and total length being W = 0.0094 x
TL2.9485. The b-coefficient values, for horse
mackerel, highlighted in the present study did
not differ significantly (p > 0.05) from the
values identified in other studies.

Horse mackerel total length varied between
stations and between years and months. The
largest adults were sampled at Olimp station
and the smallest at Navodari station. This may
be due to the better trophic conditions in the
southern area. The largest adults were sampled
in 2015 and the smallest in 2014. Looking at
the variation between months, we observed that
the largest adults were sampled in May, when
the horse mackerel approaches the Romanian
Black Sea coast and the smallest in November,
when it leaves the Romanian coast.



The mean value of the Fulton index in the
present study does not differ from the one
reported on the Bulgarian Black Sea coast.
Average length and weight were significantly
correlated with the Fulton index. The Fulton
index of males did not differ significantly from
that of females (p > 0.05). The Fulton index
varied significantly between stations, months
and years. For adults, the highest values were
measured at Eforie station and the lowest at
Vadu station, this could probably be due to the
greater availability of food in the southern area
than in the northern one. The highest values
were observed in 2018 and the lowest in 2020.
Regarding the monthly variation, we observe
that the highest values of the Fulton index were
in June, when the reproduction period starts
and the lowest in August. Length also had a
significant influence on the Fulton index value
for both adults and juveniles.

Further research is recommended to improve
the knowledge of horse mackerel population
dynamics, seasonal migration between river
basins (Black Sea, Danube) and influencing
factors. There is a need for wider and more
open communication between specialists,
managers, decision-makers, fishermen, etc. to
improve fisheries management.
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