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BJIMAHUE 3P PEKTA ITIOBAJIBHOT'O ITOTEIVIEHM A HA KAYECTBEHHBIE
XAPAKTEPMCTHKU ITOITYJIALINY YEPHOMOPCKOTI'O HITTPOTA SPRATTUS
SPRATTUS PHALERICUS (RISSO) HA KPBIMCKO-KABKA3CKOM IIE/Ib®E
YEPHOI'O MOPA1

ComuckaTesnb CTeTIeHN KaHAuAaTa 6romoruieckux Hayk IaruHckuid M.M. —
PYKOBOZUTEb IPYIIIBI MATEMaTUYECKOT0 MOJeIMPOBAHUA U IIPOTHO33;
KaHauzar reorpadpuveckux Hayk Kpusorys /1.0. —

[VIaBHBIN CIIEITUAINCT OTZeIa MHPOPMAIIMOHHBIX TEXHOJIOTHI;

KaHauzat 6uonorndeckrx Hayk [Iisxos B.A. —

3aBeyIoLINii TabopaTopueil BOAHBIX OHOJIOTMYECKUX PECYPCOB;

KaHAuzaT reorpadpudeckux Hayk | bopoBckasi P.B.| —

3aBeZyIoNIHii CEKTOPOM ITPOMBICTIOBOM OKeaHOorpaduu —
AzoBo-YepHomopckwii prman («AsHUVPX») ®T'BHY «BHUPO»

BEITIOJTHEHO MCCiIeZIoBaHME CBA3U MEXK/Y TeMIIepaTypHBIM (paKTOPOM U IOMyJIA-
LIMEN YeEPHOMOPCKOTro ImpoTa Sprattus sprattus phalericus (Risso). CratucTude-
CKMM aHa/M3 MHOrOJeTHeW AWHAMUKW B3aUMOCBA3W MEX[y TeMIlepaTypPHbIM
baxTOpoM U cpeiHel IIPOMBICTIOBOM HABECKH IIITIPOTA M3 YIIOBOB, KaK IIOKA3aTeJId
KaueCTBEHHOI'O COCTOSHMWA TOIY/IALMU ILIIPOTA, BBIIOJIHEH 3a nnepuoz 1951-2019
rT. MHOroeTHre psAbl JAHHBIX ObUTM CIVIAYKEHBI METOZOM ITOTMHOMHUAIBHOU
perpeccyy, rmocjie yero OpuIa IOCTpPOeHa JIMHEHHAsA MOZEIb 3aBUCUMOCTH U BbI-
TIOJTHEH KPOCC-KOPPEJIAIIMOHHBIN aHa N3, TIO3BOJIMBIIHI MOIYYUTh OLIEHKU KO3}-
¢dunyenToB koppesanyy [TupcoHa MexxIy ucceayeMbMu pakropamu. Koppera-
LIMOHHBIM aHa/lIW3 yKa3al Ha HaJ4yKe 3HaYMMOM CBA3K MeX/y TeMIlepaTypPHbIM
baxTOpoM U cpesiHeH HaBeCKOU ITIPoTa Ha IIPOMBICIIE TI0 BO3PACTHBIM KOTOpTaM
(k03 UTIEHT KOPPETALIMY MEX/y CpelHel HaBeCKOU IIMpOoTa B BO3pacTe 3+
Y TEMITEPATYPOU TIOBEPXHOCTU BOZIBI B TIOPTY BO/IM3Y T. frta coctaBu r = -0.86,
B CpeZiHeM II0 BceM Bo3pacTaM U TouKaM MOHUTOpuHra r = -0.74). Pesynsrupy-
Ioltas JIMHeHasA MoZesb 110 CIVIaKeHHBIM JaHHBIM TeMIlepaTyphbl IIOBEPXHOCTU
Bozipl (SST) U cpeziHelt HaBeCKU LITIPOTA Ha TIPOMBIC/IE YCIIEITHO ITPOIIUIa ITPOBEp-
Ky HazexxkHocTH ioaroHku (R? = 0.87, RSE = 0.34), ypaBHeHue cBs3u: W = f(sst)
= 22.23 - 1.263*sst. JlaHHOe Hcciie[loBaHNe TI03BOJIAET MOAYEPKHYTh 3HAYMMOCTh
TeMIlepaTypHOro GpaKTopa, SIBJIIOIEroCs OCHOBHBIM JIpaiiBepoM COCTOSTHUSA Ka-
YeCTBeHHBIX XapaKTepUCTHK ITOIYJIALIMY IIIIPOTa.
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INTRODUCTION

The Black Sea sprat Sprattus sprattus phaleri-
cus (Risso) is a small pelagic cold-water fish.
This species makes insignificant horizontal
spatial migrations and is distributed at depths
of over 10-100 m within the vertical layer [1].
Commercial fisheries have been carried out by
all countries on the Black Sea shelf since the
1970s. In 1980-1990 the top annual fishery
catches of sprat occurred in Ukrainian, Russian,
Georgian, Bulgarian, and Romanian shelf wa-
ters and reached up to 100 ths. t (FAO Capture
production statistics). In the mid-1990s sprat
commercial fisheries in the Black Sea were start-
ed by Turkey [26] in spite of strong total catch
reduction in the former Soviet Union countries.
The maximum of annual catches by all the Black
Sea countries fell on the period of 2007-2016
and made up to 120 ths. t. The current period
(2017-2020) shows strong reduction in the an-
nual catch of the sprat commercial fisheries val-
ue. The major annual fishery catch reduction in
the latest years has been marked in the Turkish
and Russian waters of the Black Sea.
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Figure 1. Investigation area - stations of sea
surface temperature measurements (points)
and sprat biological data sources (red
polygons)

PucyHok 1. PaiioH nccnegosaHms - CTaHUMM M3MEPEHUS

TeMnepaTypbl MOBEPXHOCTH MOPS (TOUKM) U UCTOUHWKM
BUONOrMUECKMX [AHHbIX O LIMPOT (KPaCHbIE MOMMUIOHbI)

There are a great number of local studies about
the Black Sea sprat behavior in the South-East
driven by the temperature factor [10, 22]. These
investigations show the Black Sea sprat behav-
ior dependence on the temperature factor while
forming commercial aggregations. Another pa-
pers indicate that the sprat population parameters
depend on temperature factor [2]. Most complex
study [7] emphasizes the impact of temperature
factor on the sprat SSB (spawning stock biomass)
and recruitment growth success but no direct im-
pact was detected. Another complex study [8]
shows the importance of environment factor, in-

Pbi6Hoe xo3ar1cTBO * NO 2 ¢ MapT-anpenb 2022

The Black Sea sprat Sprattus sprattus phalericus
(Risso) and temperature factor impact have been
investigated. Statistical assessment of the long-term
dynamics (1951-2019) of a relationship between the
temperature factor and sprat mean weight in fishery
catches used as a population quality characteristic has
been performed. Pearson product-moment correlation
and cross-correlation was evaluated, then data series
was smoothed by the local polynomial regression and,
finally, a linear model was fitted. The correlation test
shows significant relationship between the temperature
factor and sprat mean weight-at-age (mean weight in
3+ age group and SST in the port of Yalta resulted in r
= -0.86, whereas average SST and average mean weight
by age classes led to r = -0.74). The fitted linear model
by smoothed data of average SST and average weight-
at-age successfully passed diagnostics (R? = 0.87,
RSE = 0.34), with the equation: w = f(sst) = 22.23 -
1.263*sst. As aresult, this study allows to emphasize the
temperature factor as a main driver of the sprat fishery
quality characteristics. The global warming effect,
starting since the 1990’s has had a significant negative
impact on the sprat population.

cluding temperature, impact on the ecosystem
variability and regime shifts.

The recent sprat stock assessment study using
XSA on the Crimean-Caucasian shelf of the Black
Sea [18] shows both SSB reduction during the
period of 2017-2019 and minor overexploitation
effect. SSB reduction during the period of 2017-
2019 might have been caused by unexplained
fluctuations in the recruitment number or by mi-
grating bonito predation [27]. Preliminary studies
of the ecosystem assessment [20] using the PCA
method indicate that sprat SSB and recruitment
reduction could have been caused by reduction of
the food zooplankton availability and eutrophica-
tion changes. Ecosystem assessment evidences the
importance of the sea surface temperature (SST)
impact on the ecosystem variability within 1992-
2019.

The main purpose of this study is to determine
if the relationship between the long-term temper-
ature factor and sprat quality characteristics in the
Crimean-Caucasian shelf exist. Preliminary, non
validated study of this research was published in
conference papers [19].

MATERIAL AND METHODS

This assessment has been performed in two ba-
sic assumptions:

- mean weight-at-age sprat fishery statistics
represent a quality population indicator;

- mean sea surface temperature dynamics in
discrete points indicate global temperature chang-
es in vertical layers;

According to these assumptions, the following
hypothesis was tested: “Does a temperature factor
is a main driver of the sprat population?”. To check
the main hypothesis on the long-term dynamics of
temperature and sprat indicators, statistical assay
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was applied. Full data information, technical and
observation details are presented below.

Study area

This research was performed based on the long-
term historical observation data during the period
of 1951-2019. The investigation area is presented
in figure 1.

Data

In this paper, the authors used sea surface
temperature data (sst_*) collected by the Marine
Hydrophysical Institute of RAS [12] and CMEMS
Black Sea reanalysis data, where sst_feo is sea
surface temperature in the vicinity of Feodosia,
sst_yalta is sea surface temperature near Yal-
ta and sst_cher is sea surface temperature near
Chernomorskoye. Mean sprat weight-at-age val-
ue (w*), where wl — 1+ age group, w2 — 2+ age
group, w3 — 3+ age group were used. All these
data were processed to obtain aggregative av-
erage temperatures between all observations in
Feodosia, Yalta and Chernomorskoe by year and
average weight between all observations in age
groups by year.

Physical-geographical features

The Black Sea is the most eastern of all the At-
lantic Ocean basin seas. The investigation area in
this research was restricted, from the shoreline of
the Crimean Peninsula to Konstantinovsky Cape
(Northern Black Sea, fig. 1). This area is charac-
terized by small depths. River flows here are not
significant and represented primarily by low-wa-

[re—

Figure 2. Validation test data series from
different sources (Iliin and CMEMS project)
for averaged SST. a) Relative average
annual SST deviations; b) Linear model

with correlation (r) and determination (R?)
statistics

PucyHok 2. Banupauusa psaoB AaHHbIX M3 pasHbIX
MCTOYHMKOB (AaHHble MnbuHa 1 npoekta CMEMS) ana
ycpenHeHHoro SST. a) OTHocuTeNbHble CpeHeroaoBble
oTrNoHeHus SST; 6) NlnuHenHas Modenb C OUeHKaMu
roadpuumeHTa koppensumeit (r) u aetepmuHaumm (R?)
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ter rivers of Crimea and Kuban. An exception in
this case can be considered a western areain the
north-western part of the Black Sea, where such
big rivers as the Dnieper, Dniester and Danube are
located, which significantly affects physical and
chemical conditions of the water area.

Water temperature in various parts of the in-
vestigation area differs significantly. For example,
in winter in the North-Western part it can make
up 3-5 °C, while in the north-eastern part it can
reach the level of 8-8.5 °C. In summer this pat-
tern repeats: in the north-western part the tem-
perature reaches 22-23 °C, while in the north-east
24-25 °C [13]. The same applies to the level of
water salinity. In the north-west it reaches 7-16
%o in winter and 5-17 %o in summer, while in the
north-eastern part it equals 17-18 %o and about 20
%o in summer. Currents here are directed from the
east westwards along the coastline and reach the
speed from 10 to 25 cm/s.

Sea surface temperature (SST)

Observations within 1951-1993 were done
by [12] in the Southern Black Sea marine ports,
close to Feodosia, Yalta and Chernomorskoe, fig.
1 (points). Average annual year SST was calculat-
ed. For the period of 1994-2019 annual average
SST was processed from Copernicus marine pro-
ject [14] data for the same location from BLKSEA_
MULTIYEAR_PHY_007_004 spatial dataset.

Sprat quality characteristics

Sprat samples were obtained by the fishery
and scientific monitoring in period of 1951-2019
in the Crimean-Caucasian shelf area of the Black
Sea by YugNIRO [21], fig. 1 (crossed areas). The
annual mean weight-at-age was calculated for age
groups 1+, 2+, 3+.

Statistical analysis

Statistical data processing and modeling have
been performed in R environment. All source
codes and prepared input data are available in the
authors’ repository: https://bitbucket.org/phd-
pm/sprat-temp-weight/src .

First of all, a validation test for different SST
data series sources was performed. The annual
SST observation by Iliin and CMEMS project had
overlaps within 1994-2010. For this period, abso-
lute and relative deviations were calculated; cor-
relation, determination and normality tests were
performed for each two time series from different
sources. Next, successfully validated SST data se-
ries were joint in a long-time data series for the
period of 1950-2019. The data series that failed
validation were excluded from the assessment.

Preliminary raw data were visualized by anom-
aly diagnostics plot — long-term dynamics of abso-
lute deviations against the mean value. Next, di-
agnostics was performed by linear correlation and
cross-correlation product-moment Pearson test
[17] with p-value significance test. For biological
research, p-value lower than 0.05 (biological tests
significance level) indicate significant linear rela-
tionship between the tested factors.

Rybnoe hozyajstvo / Fisheries ¢ #2 ¢ march-april 2022
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Figure 3. Anomaly diagnostics visualization. Top row - weight-at-age and average weight

dynamics, bottom row - SST dynamics in points (ports) and average SST

PucyHok 3. Busyanusaums aMarHocTrkm aHoManui. BepxHuii pag - aMHaMmka cpefHux HaBeCOK MO BO3PACTHbBIM KNaccaM, HUsKHMM
Pa4 - AMHaMuKa SST B TOUKaX MOHUTOPUHIa U 0BLWMIA yepeaHeHHbIR psaa SST no BceM TOYKaM MOHUTOPUHIa

After the preliminary diagnostics, all data se-
ries were smoothed by local polynomial regression
with span = 0.5 [6], in order to reduce the influ-
ence of inter-annual factor variability. Fitted local
regression by each data series was tested by resid-
uals standard error value (RSE) and Shapiro-Wilk
residuals normality test. High RSE values indicate
the worst fitting. Residuals distribution normal-
ity test count as “successful passed” if p-value is
higher than 0.1 (no evidence was found to decline
distribution normality).

The smoothed data series were tested again by
the correlation test. Finally, after determination of
the relationship significance, a linear model was
fitted [5] for grouped (by SST intervals) data se-
ries of SST and mean weight according to diagnos-
tics of the best fitting.

RESULTS

Validation of the correspondence of two SST
data series from different sources has proved that
there were no significant differences between ob-
servations in points close to Yalta and Chernomor-
skoe. Absolute annual average (per year) devia-
tion was the following: for Yalta — 0.07 °C (1.12°C
for 17 years), for Chernomorskoe - 0.43 °C (7.25°C
for 17 years). Deviations had no pronounced evi-

Pbi6Hoe xo3ar1cTBO * NO 2 ¢ MapT-anpenb 2022

dence for long-time overestimation or underesti-
mation from different data sources: all deviations
were randomly distributed against zero on y-axis.
Finally, the linear correlation coefficient equaled:
r yalta = 0. 98 rchernomorskoe = 0. 6

Validation of the correspondence in the point
close to Feodosya failed and showed significant
bias in two different sources of observations. Ab-
solute annual average deviation made up 0.76 °C
(13.01 °C for 17 years). Deviations have a strong
signal of annual SST overestimation by CMEMS
data against Iliin (all deviations are above
zero y-axis). Finally, the linear correlation was
non-significant, Liodosya = 0-32, determination
was critically low: R? ogosya = 0-10.

Based on the validation of different data source
results, time series were joint for Yalta and Cherno-
morskoe during the period of 1951-2019. The time
series from Feodosya was removed from analysis by
uncertainty reason. Average SST excluding Feodo-
sya correspondence showed no significant biases:
absolute annual average deviation equaled 0.22 °C,
correlation coefficient r = 0.92, determination -
R?, . = 0.85. Average SST in the future assessment
was calculated from Yalta and Chernomorskoe, ex-
cluding Feodosya data. The final validation for av-
eraged annual data is shown in figure 2.
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Figure 4. Raw data correlation test:

a) factor VS factor cross-table test;

b) cross-correlation test factors: w_avg VS
sst_avg with -15 ... +15 lag

PucyHok 4. TecT Ha KOppenaumio UCXOAHbIX AaHHbIX:

a) Kpocc-TaBNMUHBIN TECT hakTopa MPOTUB haKTopPa;

6) KPOCC-KOPPENALMOHHbIN TECT W_avg NpoTuBs sst_avg
co cMelleHneM Ha -15 ... +15 net

rew

Figure 5. Local polynomial regression
smoothing results for: a) SST in Yalta port
and mean weight 3+ age group; b) average
SST and average mean weight

PucyHok 5. Pe3synbtathl crnaskMBaHMs TOKaribHOM
nonMHoMManbHoM perpeccuu ans: a) SST B nopTy AnThl

M CpeaHelt HABECKM BO3PACTHOM rpymnbl 3+; 6) yCpeaHeHHOM
SST n ycpeaHeHHOM HaBECKM

For the raw data observation features, anoma-
ly diagnostics was performed (fig. 3).

Preliminary raw data correlation test results
with p-value significance test, cross-correlation
test for average series (w_avg vs sst_avg) are pre-

sented in fig. 4. All raw factors have significant
correlation (p-value < 0.05). Most highly corre-
lated were mean weight 3+ age group (w3) and
sea surface temperature in Yalta station, r = -0.67,
p-value = 3.65 * 10-10. Cross-correlation test
with time series lag indicate continuous SST effect
on the sprat mean weight.

In order to to reduce the influence of inter-an-
nual uncertainty, raw data were smoothed, fig. 5.
Local regression approximation shows significant
fitting diagnostics (RSE in range 0.36-0.54, best
smooth fitting - w_avg and sst_avg). Local polyno-
mial regression residual standard error (RSE) and
Shapiro-Wilk residuals normality test are present-
ed in table 1.

According to fit diagnostics, table 1, smoothed
data series w3 shows some over-fitting features. Fi-
nally, the smoothed data correlation test is shown
in fig. 6. New results based on the smoothed data
evidence improvement in the data series correla-
tion: now Pearson correlation coefficient is more
powerful (r = -0.86) between best SST/weight
factors against r = -0.67 prior to smoothing.

In order to fit prediction model, smoothing di-
agnostics and smoothed data correlation test were
investigated. The obtained sesults indicate that
w3 data seria can be over-fitted. Predictive mod-
el, based on the over-fitted results, may introduce
a significant bias in predictions. Considering this,
a linear model was fitted for sst_avg and w_avg
factors, grouped by sst_avg vector (fig. 7).

Linear model, fig. 7, successfully passed all fit-
ting diagnostics: fit has no bias for a = 0.05 level,
no evidence of non-normality of residuals distri-
bution have been found (Shapiro-Wilk test W =
0.91, df = 10, p-value = 0.26).

DISCUSSION

The results of this study confirm a significant
impact of the temperature factor on the Black Sea
sprat quality characteristics. Closer examination
of the results, fig. 4 and fig. 6, indicate a signifi-
cant negative correlation between the temperature
factor and sprat mean weight-at-age. Performed
data smoothing allows to achieve a more signif-
icant relationship confirmation, which evidences
that inter-annual influence exists.

All temperature monitoring points were high-
ly correlated between each other, like weight-at-
age series did, before and after smoothing. This
is not surprising due to the fact that spatial het-
erogeneity shouldnot make significant impact on

Table 1. Local regression raw data smoothing diagnostics /
Ta6numua 1. [lnarHocTuKa crnaxmpaHms Heo6paboTaHHbIX AaHHbIX TOKaIbHOM perpeccum

LOESS target data series RSE Shapiro-Wilk test p-value
wl 0.37 0.13
w2 0.47 0.61
w3 0.54 0.03
w_avg 0.36 0.97
sst_yalta 0.40 0.79
sst_cher 0.39 0.75
sst_avg 0.36 0.60
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averaged values. This recommendation may lead
to the statement that there is no significant differ-
ence existing in the environmental conditions in
the sprat habitat areas. In another way, this can
lead to a conclusion about a lack of spatial cover-
age of this study.

In addition to proving a correlation between
temperature and sprat quality characteristics,
another result should be focused on. As it can
be seen from fig. 6, the correlation between
temperature factor (sst_*) and different weight-
at-age groups (wl, w2, w3) has different pow-
er: sst_avg VS wl gave r = -0,52, sst_avg VS w2
gaver = -0.73 and sst_avg VS w3 gave r = -0.82.
In a biological way, it means that younger age
groups are less negatively exposed to the tem-
perature factor than the older ones. It should
be noted that this conclusion does not apply re-
cruits: sprat in age group 1+ are fully mature
fish. This temperature effect can be explained by
higher resilience in food chains and widest eur-
ythermal features of youngest fish groups. The
other studies indirectly approve the assumption
about sprat fat content, temperature factor and
food chains [24, 25].

Figure 6. Smoothed data correlation test:

a) factor VS factor cross-table test;

b) cross-correlation test factors: w_avg VS

sst_avg with -15 ... +15 lag

PucyHok 6. KoppensiuMoHHbIN TECT CriaskeHHbIX AaHHbIX:
a) KPOC-TabNMYHbIM TECT haKTOP HAMPOTUB PaKTopa;
6) Kpocc-KoOppPENALMOHHBIN TECT W_avg HanpoTuB sst_avg

co cMelleHueM Ha -15 ... +15 net

Table 2. Black Sea sprat fishery catch proportion by age groups in the Crimean-Caucasian shelf

in 1994-2019 / Tabnuua 2. [lons ynoBoB YePHOMOPCKOIO LUMPOTa MO BO3PACTHbIM rpyrnnaM

Ha KpbiMcko-KaBka3sckoM wwenbde B nepuop 1994-2019 roabl

Age groups in catch, %

Year
1-3 4-5 5+

1994 99.89 0.11 0.00
1995 99.85 0.15 0.00
1996 99.71 0.29 0.00
1997 99.78 0.22 0.00
1998 99.77 0.23 0.00
1999 99.99 0.01 0.00
2000 98.62 1.38 0.00
2001 99.36 0.64 0.00
2002 98.89 111 0.00
2003 94.84 5.16 0.00
2004 97.82 2.18 0.00
2005 96.64 3.36 0.00
2006 99.09 0.91 0.00
2007 99.03 0.97 0.00
2008 99.19 0.81 0.00
2009 99.87 0.13 0.00
2010 99.94 0.06 0.01
2011 99.97 0.03 0.00
2012 99.11 0.89 0.00
2013 99.85 0.15 0.00
2014 99.60 0.40 0.00
2015 96.39 3.61 0.42
2016 97.17 2.83 0.13
2017 99.42 0.58 0.00
2018 94.08 5.92 0.56
2019 98.31 1.69 0.52

Pbi6Hoe xo3ar1cTBO * NO 2 ¢ MapT-anpenb 2022
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Simple linear model fitting for the temperature
factor and mean sprat weight in the fishery catch-
es came as a surprise for authors, who expected
to see a more complex relationship and a less ob-
vious impact. However, linear model fitting, fig.
7, diagnostics shows a convincing result with high
significance (R? = 0.87, RSE = 0.34). Moreover,
the cross correlation test (fig. 6b) shows a contin-
uous effect of the temperature factor even with
a 10-year lag.

Obviously, the temperature factor is not the
only one that impacts the sprat population. Actu-
ally, a number of ecosystem factors influence the
sprat population, which is demonstrated by many
scientists in their studies [23, 8]. The authors of
this paper realize that and are not trying to em-
phasize a single factor, but want to focus on the
long-term effect of global warming. A “bifurcation
point” should have been stressed in the 1990s. As
one can see from the long-term dynamics plots,
fig. 3, fig. 5, since the 1990s a long-term trend
has shifted. Starting from the 1990s a global tem-
perature trend has shown a continuous increase,
whereas all the sprat weight indicators — a con-
tinuous decrease with some uncertain fluctua-
tions. This “bifurcation point”, may be a global
regime-shift point for the whole Black Sea area
and should be closer investigated in the integrat-
ed ecosystem assessment. An accelerating effect
of global warming should be taken into account in
further complex ecosystem studies.

There is another hypothesis, which can be
considered as a reason for such a drastic de-
crease in a mean weight of the sprat stock in the

Figure 7. Linear model w_avg by SST grouped
for Crimean-Caucasian Black Sea sprat
fishery unit. R? - R-squared value, RSE -
residual standard error value, a & b - fitted
coefficient of linear model. Dashed line -
regression model, dotted gray lines - model

confidence interval at p = 0.95

PucyHok 7. JlnHeriHas Mofenb 3aBMCMMOCTU W_avg

oT crpynnupoBsaHHoro psina SST ana KpbiMcko-Kaskasckom
eauHMUbI 3anaca wnpoTa. R * 2 - 3HayeHne R-ksagpar,

RSE - ctaHaapTHas kBagpaTmMuHas owmbka, a & b -
nopgo6paHHble NapameTpbl IMHeNHoM Mogenu. MNyHKTMpHas
JIMHUS - PErpeccrMoHHas Moaerb, MyHKTUPHbIE (TOYKa) cepble
TIMHMU - [OBEPUTESbHbIN MHTEPBAN MOAENM NPU YPOBHE
3HaummocTm p = 0,95

period of 1990-2019. This can be explained by
a strong overfishing impact, which is not dis-
cussed in this paper. However, the first and most
important signal of an overfishing impact is col-
lapse of the population age structure: reduction
of older age groups and increase of younger age
groups in catch and, in general, in population. As
it can be seen from table 2 (sprat catch age struc-
ture from fisheries data), there is no evidence
that older age group (4-5 ages) catch structure
collapse exists. On the contrary, since 2012 the
share of older age groups has significantly in-
creased. Moreover, recent reports of Scientific,
Technical and Economic Committee for Fisheries
[4, 9, 16] for the period of 1950-2016 do not in-
dicate any presence of a prolonged overfishing
period. Based on the STECF results, significant
overfishing (over F . = 0.64) was observed only
in 1990, 1992-1994 and 2011. In accordance
with these arguments, the hypothesis about the
overfishing impact on the reduction of the sprat
mean weights does not seem plausible.

Previous studies [3, 23] by co-authors of this
paper show significance of the temperature factor
for the purposes of sprat trawl fisheries and spa-
tial distribution. The investigation of the seasonal
spatial sea surface temperature and CPUE varia-
bility shows that effective fishing can be carried
out only in a certain range of temperature condi-
tions. Studies in the other seas [11, 15] also affirm
importance of the temperature factor for sprat
population conditions and fisheries.

However, it should be kept in mind that conclu-
sions of this study can be accepted only in terms
of two basic assumptions: temperature monitoring
in discrete spatial points indicates global temper-
ature dynamics in the Black Sea; the Black Sea
sprat mean fishery weight represents a quality
characteristic of its population.

CONCLUSION
The completed study confirms the impact of
temperature factor on the sprat population. Glob-
al warming can be the main driver of the ecosys-
tem variability in the Crimea-Caucasian shelf area
of the Black Sea.

HIGHLIGHTS

1. The negative long-term linear relationship
between temperature factor and sprat quality
characteristics has been found and confirmed
at significance level (p = 0.95).

2. Linear nature of the long-term relationship
between temperature factor and sprat fishery
mean weights was unexpected for the authors.

3. Younger age groups of sprat are less negative-
ly exposed to temperature factor than the old-
er ones.

4. Since the 1990’s a long-term trend of the tem-
perature factor has been shifted.

52 | Rybnoe hozyajstvo / Fisheries ¢ #2 ¢ march-april 2022



www.tsuren.ru

sMoPECYPCHI 1 MPOMBICEN @

REFERENCES

1. Aslanova N.E. Black Sea sprat // Trudy VNIRO. — 1954. — Vol.
27.-Pp. 75-100.

1. Acnanosa H.E. llnpor Yeproro mopsa // Tpyaer BHMPO. —
1954. - T. 28. - C. 75-100.

2. Avsar D. Population parameters of sprat (Sprattus sprattus
phalericus RISSO) from the Turkish Black Sea coast. // Fisheries
research. — 1995. — Vol. 21. - Pp. 437-453.

3. Borovskaya R.V., Shlyakhov V.A. The impact of upwelling effect
on the productivity of sprat trawl fishing in the waters of Ukraine
// Environmental control systems: sb. nauch. tr. MGI NAS of
Ukraine. — 2010. — Pp. 78-83. (In Russian).

3. boposckaa P.B., llnaxos B.A. BiuAHHWe anBe/UIMHIOB Ha
MIPOU3BOAUTEIBHOCTh TPAJOBOTO INPOMBICJIA ILINPOTa B BOJAX
Ykpaunsl //CucteMbl KOHTPOJIS OKpYXarolei cpeisl: cb. Hayd.
Tp. MI'1 HAH Ykpaunsl. — 2010. — C. 78-83.

4. Casey, John, Willy Vanhee, Hendrik Doerner. "Scientific, Tech-
nical and Economic Committee for Fisheries (STECF). Review of
scientific advice for 2010 - part 3b // Advice on Stocks of Interest
to the European Community in the Black Sea". Authors: Daskalov
G., Gimiis A., Maximov V., Panayotova M., Radu G., Raykov V.,
Shlyakhov V., Zengin M., Rétz H.-J., Scott R., Druon J.-N. / Lux-
embourg: Office for Official Publications of the European Com-
munities 2010. — 2011. - 167 p. doi: 10.2788/80318.

5. Chambers J., Hastie T., Pregibon D. Statistical Models in S. In:
Momirovi¢ K., Mildner V. (eds) Compstat. Physica-Verlag HD. —
1990. https://doi.org/10.1007/978-3-642-50096-1_48

6. Cleveland, W.S., Grosse E. Computational methods for local re-
gression // Statistics and Computing. — 1991. Vol. 1. - Pp. 47-62.
https://doi.org/10.1007/BF01890836

7. Daskalov G. Relating fish recruitment to stock biomass and
physical environment in the Black Sea using generalized additive
models // Fisheries Research. — 1999. - Vol. 41. — Pp. 1-23.

8. Daskalov G. M., Boicenco L., Grishin A.N., Lazar L., Mihneva V.,
Shlyakhov V.A., Zengin M. Architecture of collapse: regime shift
and recovery in an hierarchically structured marine ecosystem
// Global change biology. — 2017. — Vol. 23. — Pp. 1486-1498.
https://doi.org/10.1111/gcb.13508

9. Daskalov G., Osio C., Charef A. Scientific, Technical and Eco-
nomic Committee for Fisheries: Assessment of Black Sea Stocks
(STECF-12-15). // Luxembourg: Publications Office of the Euro-
pean Union. — 2012. doi:10.2788/63715.

10. Fashuk D.Ya. Formation of commercial clusters of sprat under
the influence of environment conditions. // Fisheries. - 1987. —
Vol. 6. — Pp. 37-40. (In Russian).

10. ®amyxk /I.51. O6pa3oBaHue IPOMBICIOBBIX CKOIUIEHUH MITTPOTa
110/] BAVSHUEM YCIOBUH cpebl // PriGHOE X03aticTBO. — 1987. - T.
6. - C. 37-40

11. Hunter A., Speirs D.C., Heath M.R. Population density and
temperature correlate with long-term trends in somatic growth
rates and maturation schedules of herring and sprat // PLoS
ONE. - 2019. - Vol. 14. - Issue 3. — Pp. e0212176. https://doi.
org/10.1371/journal.pone.0212176

12. Iliin Yu. P., Repetin L.N., Belokopitov V.N., Goryachkin Yu.N.,
D’yakov N.N., Kubryakov A.A., Stanichnii S.V. Hydrometeorolog-
ical conditions of the seas of Ukraine. // Volume 2: The Black
Sea. ECOSY-Hydrophysics. — 2012. ISBN 978-966-442-079-9. (In
Russian).

12. Wnbun IO.I1., Penetun JI.H., BenokomsiToB B.H. u zp.
I'mapomMeTeoposiornueckue ycaoBusa Moped Ykpaunwl. Tom 2:
Yepuoe mope //CeBactonons: DKOCU-T'uapodusuka. — 2012.

13. Ivanov V.A., Belokopytov V.N. Oceanography of the Black Sea
// NAS of Ukraine, Marine Hydrophysical Institute. — 2011. - 209 p.
13. VBaHoB B.A., BenokomnsiToB B.H. Oxeanorpadusa YHepHoro
Mops. // Mopcko#i rugpodusndeckuii MHCTUTYT HAH YKpauHHL.
-2011.-212c.

14. Le Traon P. Y., Reppucci A., Fanjul A.E. et al. From observa-
tion to information and users: the Copernicus Marine Service per-
spective // Frontiers in Marine Science. — 2019. — Vol. 6. — 234 p.
https://doi.org/10.3389/fmars.2019.00234

15. MacKenzie B. R., Koster F. W. Fish production and climate:
sprat in the Baltic Sea // Ecology. — 2004. — Vol. 85. — Pp. 784-794.
https://doi.org/10.1890,/02-0780

Pbi6Hoe xo3ar1cTBO * NO 2 ¢ MapT-anpenb 2022

16. Massimiliano Cardinale, Jean-Noel Druon, Alessandro Man-
nini (ed.). Scientific, Technical and Economic Committee for Fish-
eries: Assessment of Black Sea Stocks (STECF-17-14). // Luxem-
bourg: Publications Office of the European Union. — 2017. ISSN
1831-9424.

17. Pearson K. Early Statistical Papers // Cambridge, England:
University Press. — 1948.

18. Piatinskii M. M., Shlyakhov V.A., Shlyakhova O.V. Dynam-
ics of sprat stock in the Black Sea and prospects for its fishery
// Problems of fisheries. — 2020. — Vol. 21. — Pp. 396-410. DOI:
10.36038/0234-2774-2020-21-4-396-410

18. MMaruHckuit M.M., IllnaxoB B.A., IllxaxoBa O.B. JluHaMuKa
3amacoB MNpoTa B YepHOM MOpe U IePCIEKTUBBI €r0 OCBOEHUA.
// Bomnpocsl pei6onosersa. — T. 21. — N2 4. — C. 396-410.

19. Piatinskii M.M, Krivoguz D.O., Shlyakhov V.A., Borovskaya
R.V. Preliminary study of impact warming effect to sprat stock
quality characteristics in Russian waters of the Black Sea (1951-
2019) // Ecology. Economy. Informatics. System analysis and
mathematical modeling of ecological and economic systems. —
2021. - Vol. 6. — Pp. 150-153.

19. Maruackuit M.M., Kpusory3s /1.0, Illnaxos B.A., boposckasa P.B.
[IpeAiBapUTe/NbHbBIE Pe3YyNbTAThl UCCIeL0BAHNA BAUAHUA dddexTa
MHOTOJIETHETO TOTEIUIeHUs Ha KavyeCTBeHHBIE XapaKTePUCTUKU
YJIOBOB IINIPOTA B POCCUICKUX Bozgax YepHoro mopsa (1951-2019
rr.) // Oxosnorusa. OkoHoMuKa. VHpopmaruka. CHCTEMHBIN
aHajM3 M MaTeMaTHU4YeCKOe MO/JEeNTUPOBAHME IKOJOTUYECKUX U
9KOHOMUYeCcKUx cucrem. — 2021. — T. 6. — C. 150-153.

20. Piatinskii M.M., Shlyakhov V.A. Preliminary study: Integrated
ecosystem assessment of pelagaic ecosystem of the Black sea, Rus-
sian waters // Science Almanac. — 2021. — N2 1-2. — Pp. 112-115.

20. [IlaruHckuit M.M., IllnaxoB B.A. IlpeaBapuTenbHbIe
pe3yabTaThl  MHTErPUPOBAHHOIO  JKOCHUCTEMHOrO  aHalIu3a
mmejlaruyeckod akocucTeMbl YepHoro Mops B Bogax Poccuu //
Hayunerii anbmanax. — 2021. - N2 1-2. - C. 112-115.

21. Prodanov K., Mikhaylov K., Daskalov G., Maxim K., Ozdamar
E., Shlyakhov V., Chaschin A., Arkhipov A. Environmental man-
agement of fish resources in the Black Sea and their rational ex-
ploitation // GFCM Studies and Reviews. FAO, Rome. — 1997. —
Vol. 68.

22. Sher V.V. Relationship between Black Sea sprat distribution
and abiotic factors. // Fisheries. — 1979. — Pp. 11- 25. (In Rus-
sian).

22. Ilep B.B. CBa3p paclipeieieHUA Y€pHOMOPCKOIO MINPOTa
¢ abuortmyeckumu dpakropamu // PbibHOe X03dAKCTBO. —1979. —
N2 11.-C. 25.

23. Shlyakhov V. A., Shlyakhova O. V. Dynamics of trawl catch
structure of Black Sea sprat on the Black Sea Ukrainian shelf and
impact of natural factors and fishery on them // YugNIRO Pro-
ceedings. — 2011. - Vol. 49. — Pp. 12-34.

23. Ilnaxos B. A., Hlnaxosa O. B. [luHamMKuKa CTPYKTYphl
TPaJIOBBIX YIIOBOB LINPOTA Ha YKPAaUHCKOM Iienbde YepHOTo Mops
Y BO3/leliCTBHEe Ha Hee IPUPOAHBIX GaKTOPOB U prIbOIOBCTBA //
Tpyasl IOTHUPO. — 2011. - T. 49. - C. 12-33.

24. Shulman G.E., Nikolsky V.N., Yuneva T.V., Shchepkina A.M.,
Bat L., Kideys A.E. Influence of global climatic and regional an-
thropogenic factors on small pelagic fishes of the Black Sea //
Marine ecological journal. — 2007. — Vol. 6. — Pp. 18-30.

25. Trophic relationships and food supply of heterotrophic ani-
mals in the pelagic ecosystem of the Black Sea (pp.227 — 245).
(2009). Chapter: 5. Food supply of the Black Sea small pelagic
fish. Publisher: Black Sea Commission Publications, Istanbul, Tur-
key. Editors: G. Shulman, B. Ozturk, E. Kideys, G. Finenko, L. Bat
https://www.researchgate.net/publication/280727789_Interan-
nual_changes_of_lipid_content_in_the_Black_Sea_sprat

26. Ulman A., Zengin M., Demirel N., Pauly D. The lost fish of
Turkey: A recent history of disappeared species and commercial
fishery extinctions for the Turkish Marmara and Black Seas //
Frontiers in Marine Science. — 2020. — Vol. 7. — Pp. 1-16. https://
doi.org/10.3389/fmars.2020.00650

27. Zuser S.G. Biology and fishing of bonito in the Black Sea //
Trudy VNIRO. — 1954. — Vol. 28. - Pp. 160-174. (In Russian).

27. 3yccep C.I'. buosiorua u IpoMbICcesI NeJlaMUIbl B YepHOM Mope
// Tpyast BHUPO. — 1954. - T. 28. - C. 160-174.

53



