@ Oceanological and Hydrobiological Studies

First record of straight-needle pteropod Creseis acicula Rang, 1828
bloom in the Canakkale Strait (NE Aegean Sea, Turkey)

by

Sezginer Tuncer'*, Nazik Ogretmen?*¥,
Fikret Cakir?, Alkan Oztekin?, Ayhan
Oral*, Salih Can Suner®

DOI: 10.2478/0oandhs-2021-0026

Category: Original research paper

Received: November 30, 2020
Accepted: February 1, 2021

'Department of Marine Biology, Faculty of Marine Science
and Technology, Canakkale Onsekiz Mart University,
17100, Canakkale, Turkey

2Climate Geochemistry Department, Max Planck Institute
for Chemistry, 55128, Mainz, Rheinland-Pfalz, Germany

3Department of Fishing and Fish Processing Technology
Canakkale Onsekiz Mart University, Faculty of Marine
Science and Technology, 17100, Canakkale, Turkey

‘Department of Chemistry, Faculty of Science and Arts,
Canakkale Onsekiz Mart University, Canakkale, Turkey

*Department of Chemistry and Chemical Processing
Technologies, Lapseki Vocational School, Canakkale
Onsekiz Mart University, Lapseki, Canakkale, Turkey

Corresponding author: *stuncer@comu.edu.tr; **n.ogretmen@mpic.de




1. Introduction

Pteropods, one of the common members of marine
zooplankton assemblages, are pelagic holoplanktic
mollusks that spend their entire life cycle in the
water column (Lalli & Gilmer 1989; Peijnenburg et
al. 2020). They play an important role in the marine
food web as they are a major food source for other
marine organisms such as sea whales, seabirds, and
commercially exploited fish (Lalli & Gilmer 1989;
Manno et al. 2017).

The name “pteropod” in Greek means wing-foot
(ptero = wing; poda = foot). Pteropods can be shelled
or unshelled. Thecosomatous (mucus-web feeders;
sea butterflies), i.e. shelled pteropods grow their shells
from calcium carbonate (CaCO,) derived from seawater
in which they live. Therefore, they belong to marine
calcifiers together with planktic foraminifers and
coccolithophores, and contribute 20-42% to the global
calcite budget (Bednars3ek et al. 2012; Buitenhuis et al.
2019; Lischka et al. 2018). Different from other marine
calcifiers, their shells are composed of aragonite - a
meta form of CaCO,, which is 50% more soluble in
water than its calcite form (Fabry et al. 2008). When
seawater is undersaturated with aragonite due to
ocean acidification (reduced pH), shelled pteropods
have difficulty building their shells and/or the shells
may dissolve (Fabry 1990; Fabry et al. 2009; Manno et
al. 2017). Although the waters of the Mediterranean
Region are supersaturated both with calcite and
aragonite, and such acidification is not expected at
least until the end of the 21st century, studies report a
decrease in carbonate ion saturation compared to the
pre-industrial era (Krasakopoulou et al. 2017; Schneider
et al. 2007).

The Mediterranean Sea is a climate change hot
spot, whose climate responds to global change
(Giorgi 2006; Lejeusne et al. 2010) and suffers from
adverse anthropogenic impact due to the fact that
it is a landlocked sea (Hassoun et al. 2015; Touratier
& Goyet 2011). In this context, the Canakkale Strait
(Dardanelles) is a biological corridor between the Black
Sea—-Marmara Sea and Aegean-Mediterranean Sea
realms (Aydin et al. 2015), where fresh waters of the
Black Sea dominate in its upper layer, and saline waters
of the Mediterranean origin occupy its deeper water
column below 20-40 m. Furthermore, the presence
of thermophilic Mediterranean species in the cooler,
northernmost parts of the Aegean Sea and the Sea of
Marmara indicates the impact of climate change and
warming of seawater (Tuncer et al. 2020a,b; Yapici et
al. 2016). These findings are also consistent with the
reports on the Mediterraneanization of the inland Sea
of Marmara and the Black Sea (TUDAV 2020). Warming
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of seawater and increased inflow of water originating
from the Mediterranean Sea through the Canakkale
and Istanbul straits into the Sea of Marmara and the
Black Sea suggest changes in the marine ecosystem
allowing acclimatization of Mediterranean species to
their new environment (Oguz & Oztiirk 2015; Oztiirk
2002). Therefore, reporting any unusual occurrence
and/or bloom of marine organisms plays an important
role in monitoring environmental changes.

The holoplanktic gastropod C. acicula encountered
in the Canakkale Strait is a circumglobal species,
occurring worldwide from open ocean to coastal
environments, living in warm waters with sea surface
temperatures (SSTs) between 10 and 28°C and salinity
between 30 and 41 PSU, including hypersaline
environments such as the Red Sea (Almogi-Labin
1982; Angulo-Campillo et al. 2011; Bé & Gilmer 1977;
Comeau et al. 2012; Dai et al. 2020; Lalli & Gilmer
1989; Lopez-Arellanes et al. 2018; Parra-Flores & Gasca
2009; Pillai & Rodrigo 1979; Sakthivel & Harida 1974).
It is abundant in tropical and subtropical regions
between 45°N and 40°S of all oceans and commonly
encountered in active current systems and coastal
areas (Bé & Gilmer 1977). It prefers waters between 10
and 100 m and migrates to the sea surface during the
night (Menzies 1957). In warm waters of Japan, Florida
and Trieste (NE ltaly), C. acicula is responsible for “sea
stings” causing marine dermatitis, in other words, “sea
bather’s eruption” (Hutton 1960; Kokelj et al. 1994;
Nishimura 1965).

The occurrence and abundance of this species
in the northwestern Mediterranean Sea have been
previously addressed (Comeau et al. 2012; Howes
et al. 2017). In September 1975, a sudden swarm of
C. acicula in the surface waters of the Ligurian Sea in
NW Italy was reported (Albergoni 1975). In July 1990, its
presence was detected when sea bathers complained
about intense itching during and after bathing, and
exceptionally high salinities were recorded on the
same day in the Gulf of Trieste, NE Italy (Kokelj et al.
1994).

Its occurrence along the Turkish coast was reported
from the Gulf of Iskenderun (Akyliz 1957; Cevik et al.
2006; Gokalp 1972; Giici et al. 1991), the coast of Izmir
(Onmus 2002), and the southwestern coast of the
Aegean Sea (Okus et al. 2004), and confirmed as such
in the updated list of marine mollusks published in
2014 (Oztirk et al. 2014).

In this study, Creseis acicula Rang, 1828 (= Creseis
clava) was sampled from the surface water (0.5 m)
of the Canakkale Strait (NW Turkey) in the summer
season of 2020. The study area was sampled seasonally
between 2007 and 2018 as part of the Marmara
Environmental Monitoring (MAREM) Project (Artlz
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et al. 2007, 2009, 2011a,b, 2012, 2013, 2014, 2015, 2016,
2018, 2019), which will hereinafter be referred to as
“MAREM reports”. According to these reports, even
though fossil C. acicula was found in small numbers
in core sediments recovered from the northern part
of the Canakkale Strait, it was not present in the water
column. In this study, we present the first data on a
C. acicula bloom in this region, comparing previous
and recent marine environmental parameters (sea
surface temperature, dissolved oxygen, salinity and
pH) along with nutrient and chlorophyll-a data.
We interpret this bloom as a response to reduced
anthropogenic impact on marine habitats in the
Ganakkale Strait during COVID-19 lockdowns. We
report the first record of a C. acicula bloom not only
in the Canakkale Strait waters, but also in the Turkish
waters, along with marine physicochemical and
biochemical parameters.

2. Study area

The Canakkale Strait (Dardanelles), part of the
Turkish Straits System, is a 75 km long corridor with

Table 1
Average monthly number of vessels transiting the

Istanbul and Canakkale straits between April and July of
each year from 2017 to 2020

Canakkale Strait 3728 3751 3599 3384

Istanbul Strait 3566 3500 3363 3134

a width of more than 0.7 km and a sill depth of 55 m,
connecting the Black Sea with the North Aegean Sea
through the Marmara Sea (Jarosz et al. 2012; Oguz
2015; Fig. 1). It plays an important role in domestic
and international marine traffic (Table 1). At present,
a two-layer water exchange occurs through the
Dardanelles Strait in the form of outflow from the Black
Sea and inflow from the Mediterranean Sea (Sayin et
al. 2011). The Black Sea Waters (BSW), with low salinity
(~18 PSU) and temperature of ~16-17°C, reach salinity
around 30 PSU after being modified on their way
through the Marmara Sea, where they occupy 20-40
m of the surface layer of the water column. They then
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Figure 1

Location map showing the present-day simplified hydrography of the region. White triangles indicate sampling sites
from 1c to 6¢; yellow star - location of nutrient concentration data; BWS - Black Sea Water; MDW - Mediterranean

Deep Water; MS — Marmara Sea; AS — Aegean Sea. The dark grey area represents the surrounding land. The map

produced using Ocean Data View (Schlitzer 2018).
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enter the Aegean Sea through the Dardanelles, join
the Samothraki (Semadirek) Gyre of the North Aegean
domains and fill the Gulf of Saros (Pazi 2008; Fig. 1).
The maximum depth of the Canakkale Strait is around
100 m. Below 20-40 m, waters originating from the
Levantine Basin in the Eastern Mediterranean Sea form
the intermediate and deep waters (Mediterranean
Deep Water; MDW) of the adjacent seas, joining the
Marmara Sea (Besiktepe et al. 1994; Turkoclu et al.
2006; Zervakis et al. 2003). The MDW in the study
area consists of two components: the Levantine
Intermediate Water (LIW) and the North Aegean Deep
Water (NADW). A mixture of LIW and BSW occupies
the water depths of 40-100 m, and the LIW extends
to 100-400 m with a temperature of ~14-15°C and
salinity around 38 PSU. On the other hand, the NADW
occupies the water column below 400 m with a
temperature of about 13°C and salinity ~39 PSU (Pazi
2008).
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3. Materials and methods

Sampling was carried out during the time interval
of 18.40-19.00 on 20 July 2020, when there was still
sunlight. Samples of C. acicula examined in this study
were collected during an expedition on R/V Bilim |,
which was planned for studies of microplastics in the
Canakkale Strait at site 6¢ (40°06'50”N; 26°21'21"E;
Fig. 1). Of all sampling sites in the Canakkale Strait, 6¢
is the only site where C. acicula was encountered in
July 2020, and a symbiont species was not observed.
Moreover, according to data in the MAREM reports,
C. acicula was not detected at the same locations along
the Canakkale Strait (Fig. 1; sampling sites from 1c to
6¢) during previous sampling seasons (winters and
summers) between 2007 and 2018.

Sampling was conducted using a manta trawl net
(Ryan et al. 2009), equipped with a 60 x 20 cm frame
with a trawl length of 260 cm and a mesh size of 333

Total length

Figure 2

Light microscope photo of a specimen showing the total length and operculum width (OW)

10.44 mm
T —————————

Figure 3

Examples of measured specimens with their total length. A) juvenile form; B) mature form and C) adult form
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pm. Oblique trawls were run at a water depth of 0.5 m
attached to the shipboard for 20 min at a speed set at
2 knots. Hydrobios Mechanical Flow Meter 438110 was
used to quantify the water filtered by the manta net.

A total of 9.63 m? seawater was filtered and 22 243
individuals of C. acicula were counted (Fig. 2). All
specimens were collected into clean glass beakers
and fixed in 5% formaldehyde solution, and then
transported to the Faculty of Marine Sciences and
Technology, Department of Marine Sciences and
Limnology, Canakkale Onsekiz Mart University, Turkey
for further qualitative and quantitative analysis. The
collected material was examined and identified
following the previous studies (Lalli & Gilmer 1989; van
der Spoel & Dadon 1999). Specimens were classified
as juvenile, mature and adult based on their lengths.
Juvenile forms were considered < 7.0 mm, mature
forms between 7.01 and 9 mm, and adult forms > 9
mm (Fig. 3). To identify adult and mature individuals,
the operculum width and total length of individuals
were measured for their morphological characteristics
(Fig. 2; Table 2) using a binocular microscope. Photos
were taken using a Carl Zeiss SZX 16 microscope. We
applied the analysis of variance test to explain the
variation in the data (i.e. morphological characteristics)
within the regression model (Fig. 4). We used this
information to discuss whether physicochemical
conditions played an important role in morphological
characteristics of the collected specimens by
comparing our data with the previous report (Roger et
al. 2002).

3.1. Marine environmental parameters

Marine environmental parameters (sea surface
temperature, salinity, dissolved oxygen and pH) of
the sampling locations were determined using a CTD
device. The parameters were compared with previous
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Figure 4

Operculum width and total length of 39 individuals
showing a strong correlation by the quadratic formula
atr’=0.67.

Table 2
Total length and operculum width of 39 individuals

Total length (mm) Operculum width (mm)

1 7.05 0.42
2 7.1 0.51
3 7.25 0.36
4 7.27 0.54
5 7.44 0.57
6 7.56 0.51
7 7.6 0.43
8 7.69 0.48
9 7.69 0.48
10 7.7 0.52
11 7.82 0.58
12 7.91 0.53
13 8.1 0.55
14 8.11 0.51
15 8.11 0.6
16 8.62 0.53
17 8.63 0.53
18 8.76 0.51
19 8.83 0.51
20 8.9 0.57
21 8.97 0.54
22 9 0.54
23 9 0.56
24 9.1 0.61
25 9.14 0.5
26 9.2 0.57
27 9.35 0.6
28 9.41 0.65
29 9.42 0.62
30 9.47 0.62
31 9.74 0.58
32 9.84 0.58
33 10.27 0.67
34 10.3 0.7
35 10.30 0.65
36 10.31 0.71
37 10.44 0.66
38 11.38 0.67
39 13.03 0.73

measurements conducted in the same region during
the Marmara Sea Environmental Monitoring (MAREM)
Project between 2007 and 2018 (Fig. 5; see MAREM
reports). Pearson correlation analysis was applied to
detect possible correlations between the variables
(Table 3). The correlation analysis includes the dataset
for the period between 2008 and 2018, excluding 2007
due to data availability at sampling site 6¢, which is the
focus of this study.
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Figure 5

Plots of the marine environmental parameters measured during the summer seasons (July-August) each year
between 2007 and 2020 at six sites (from 1c to 6¢) along the Canakkale Strait. Dashed lines indicate no measurement.
Data retrieved from MAREM reports.

3.2. Nutrients and Chlorophyll-a
Table 3
Physicochemical parameters (temperature, salinity,

Nitrogen is one of the most important nutrients
regulating the primary production of phytoplankton,

pH and dissolved oxygen) measured at site 6¢ in the which are grazed by zooplankton (Bristow et al. 2017;
Canakkale Strait during summer seasons from 2008 to Sitta et al. 2018). In the study area, nitrate (NO,"), i.e.
2020 (n = 11; significant correlation at p < 0.05 level) the inorganic form of nitrogen, is found in higher

howi ianificant P lati concentrations compared to other nutrient sources
°nowing no signinicant Fearson corre-ation. such as nitrite and phosphate (Tugrul et al. 2002).

n To investigate changes in nutrient concentrations,
monthly mean nitrate values obtained using the
SST 1

MedBFM (Mediterranean Sea Biogeochemistry Analysis
and Forecast) model system were examined for the

P ; period from April 2017 to December 2020 (Fig. 6) and
compared with chlorophyll-a concentrations (Figs 7
sal 0.07 1 and 8).
Chlorophyll-a (Chl-a) is the major photosynthetic
p 0.85 B} pigment of phytoplankton living in aquatic
environments, and is considered the most suitable
pH 0.35 0.49 1 proxy for phytoplankton biomass studies related
to primary production (Huot et al. 2007), which is
P 0.29 0.13 : affected by nutrient supply, i.e. nitrate concentration in
seawater (Cermeno et al. 2016). Therefore, it gives us an
DO 0.57 0.15 011 1 insight into biochemical variability in the vicinity of the
sampling site 6¢ (Figs 7 and 8).
5 0.07 0.65 0.75 : The data used in this study were derived from

monthly and daily interpolated Chl-a concentrations
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Monthly average nitrate concentrations as a nutrient proxy from the Sea of Marmara and the Northern Aegean Sea for
the time interval between (a) April 2017 and December 2018; and (b) January 2019 and December 2020. Please note
different scales of the two plots. Data retrieved from https://marine.copernicus.eu/
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Interpolated Chl-a concentration maps for July in the period between 2017 and 2020 at the vicinity of sampling site 6¢
in the Canakkale Strait. The color scale bar applies to all the maps. Data retrieved from https://marine.copernicus.eu/
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Figure 8

Map showing Chl-a concentrations observed on the
sampling day, 20 July 2020, in the vicinity of sampling
site 6¢ in the Canakkale Strait and the Sea of Marmara.
Data retrieved from https://marine.copernicus.eu/

in the Mediterranean Sea obtained from multi-satellite
and Sentinel-3 OLCl observations distributed by
the Global Ocean Satellite monitoring and marine
ecosystem study group of the Italian National Research
Council in Rome.

Both datasets (nitrate and Chl-a concentrations)
can be accessed via the online platform of the E.U.
Copernicus Marine Service (https:/marine.copernicus.
eu/).

4. Results

4.1. Length and operculum width of specimens

Thirty-nine adult and mature individuals were
measured for their morphological characteristics such
as their total length and operculum width (Fig. 2, Fig. 3
and Table 2). Even though the juvenile forms were not
included in the measurements, their occurrence with
adult forms indicates a bloom event.

The length of the specimens varied between 7.05
and 13.03 mm and their operculum width varied
between 0.36 and 0.73 mm. The regression analysis
applied to test the correlation trend of the total
length and the operculum width of the 39 measured
specimens showed that they significantly correlate at r?
= 0.67 with p < 0.05 (Fig. 5), indicating that 67% of the
variation can be explained by these two explanatory
variables.

4.2 Marine environmental parameters

Marine environmental parameters represent

physicochemical conditions of the marine habitat
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in which organisms thrive. To investigate changes
between previous and recent marine conditions, we
have compared our measurements with data detailed
in the MAREM reports from 2007 to 2018. We have
restricted our comparison to the upper 0.5 m layer of
surface water, where C. acicula blooms were observed
in July 2020. We considered salinity, temperature,
pH and dissolved oxygen values to analyze the
environment of C. acicula blooms.

Sea surface temperatures (SSTs) measured at all
sampling sites each year yield similar values, except
for 2020 (Fig. 5a). SSTs at site 1c shows fluctuations
between 22 and 28°C; site 2c between 23 and 28°C;
site 3c shows the largest variations from 21 to 29°C; site
4c¢ from 23.5 to 29°C; site 5¢ between 23 and 29.5°C,
and site 6¢ between 22 and 28.5°C, with the highest
temperature of 32°C measured in July 2020 (Fig. 5a).

Salinity values show fluctuations at each site (Fig.
5b). Site 1c shows variations between 21 and 24 PSU;
site 2c between 21 and 28 PSU; site 3c and 4c between
19 and 28 PSU; site 5c from 20 to 24 PSU and site 6¢
from 4 to 28 PSU except for one measurement in 2010,
which results in 22 PSU (Fig. 5b).

The pH measurements show large variations at
each site each year (Fig. 5¢). The pH values at sites 1c
and 2c range from 7.5 to 8.4; at site 3c from 7.4 to 8.5;
at site 4c from 7.1 to 8.4; at site 5¢ from 7.6 to 8.4, and
site 6¢ shows the highest values ranging from 7.7 to 8.7,
with the highest value of 8.7 measured in July 2020.

Dissolved oxygen (DO) values, except for those
measured at site 4c in 2009 and site 5c in 2011, show
a similar trend (Fig. 5d). DO at site 1c varies between
3.8 and 5.2 ml I7; at site 2c between 3.6 and 5.1
mmol mol™; at site 3¢ between 3.7 and 5.1 mmol mol™;
at site 5¢c between 3.5 and 5.1 mmol mol™ and at site
6¢ between 4.2 and 5.3 mmol/mol, with the highest
average value of 4.6 mmol mol™' (Fig. 5d).

Pearson’s correlation results indicate no significant
correlation at p < 0.05 between the physicochemical
parameters (Table 3), suggesting an auxiliary variable
inducing changes in the marine ecosystem of the
study area.

4.3 Nutrient and Chl-a concentrations

The study area is characterized by fluctuating
nutrient concentrations each season depending
on the nutrient supply from the surrounding rivers
and/or the two-layer water exchange system in the
Canakkale Strait (Fig. 6; Turkoglu et al. 2006). From April
2017 to December 2018, it was represented by nitrate
concentrations ranging from ~10 to 30 mmol m=,
with the highest values corresponding to spring and
autumn-winter seasons. In April 2017, a concentration
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of ~23 mmol/m? was recorded, steadily decreasing
through August 2017 (Fig. 6a). The highest values
were recorded between September and November
2017, showing a sharp decrease in January 2017, and
from January 2017 until November 2018, showing a
slight increase in December 2018 (Fig. 6a). No marked
increase in nitrate concentrations was observed in
spring of 2018.

From January 2019, on the other hand, these
values dropped to the levels between ~0.6 and 1.6
mmol m=3 (Fig. 6b). Between February and March
2019, high peaks in nutrient concentrations of 1.5 to
1.6 mmol m=3 were recorded, corresponding to the
highest values between January 2019 and December
2020. Nitrate concentration values steadily decreased
between April 2019 and August 2019, with the lowest
values < 0.8 mmol m=. Concentration values showed
an increase from September 2019 through April 2020,
with fluctuating but high values between January
2020 and April 2020, which corresponds to the second
peak interval between January 2019 and December
2020 (Fig. 6b). After April 2020, nitrate concentrations
decreased again until September 2020 to values
between 0.8 and 0.9 mmol m=. July 2020, i.e. the
sampling period of this study, falls within this range of
decreasing nutrient concentrations with values slightly
above 0.9 mmol m=3. After September 2020, they were
increasing again until December 2020.

Chl-a concentration maps prepared for July from
2017 to 2020 demonstrate a parallel outcome to nitrate
concentrations (Figs 6a and 6b), with higher values in
July 2017 and July 2018, and lower values in July 2019
and July 2020 (Fig. 7). The years 2017 and 2018 were
marked with higher Chl-a concentrations, with values
in the range of 0.3-0.4 mg m=, while values in July
2019 and July 2020 were around 0.1 mg m~3.

Interestingly, on the sampling day, the Sea
of Marmara was characterized by a high nitrate
concentration of about 0.3 mg m=3, which was not the
case for the vicinity of the sampling area, where even
lower values, i.e. below 0.1 mg m~3, were recorded (Fig.
8; 20 July 2020).

5. Discussion

5.1 Varying environmental
morphological tolerance and blooms

parameters,

Morphological characteristics of pteropods depend
on environmental parameters, such as dwarfing in size
may be advantageous to increase the survival under
stressed conditions (e.g. global warming, increased
ocean acidity; Garilli et al. 2015; Roger et al. 2002).

The only available study involving measurements
of total length and operculum width in specimens
of C. acicula was conducted off the Australian coast,
and it indicates a correlation between these two
morphological features at r>= 0.85 (Roger et al. 2002).
In our study, on the other hand, specimens correlate
at = 067 (n = 39; p < 0.05). The total length of
specimens reported in the study cited above ranged
from 5 to 25 mm, and the operculum width ranged
from 0.3 to 1.4 mm (Roger et al. 2002).

In comparison, Australian coasts are characterized
by the following parameters: SSTs around 28°C, sea
surface salinity around ~35 PSU, pH around 8.07, and
DO around 4.5 ml I7' (CSIRO 2018; Locarnini et al. 2019;
Zweng et al. 2019). On the other hand, site 6¢ in the
Ganakkale Strait, where C. acicula was found in July
2020, was characterized by the following values: SST -
32°C, salinity - ~28 PSU, pH - 8.7 and DO - 5.05 ml I
Even though the correlation details for total length and
operculum width were not provided, the SSTs during
the outbreak in Daya Bay varied between 29.8 and
32.8°C and salinity was > 30 PSU (Dai et al. 2020), which
is higher than salinity values measured in July 2020
in the Canakkale Strait. Similarly, during the C. acicula
swarm in the southern Indian waters, the salinity was
above 31 PSU (Pillai & Rodrigo 1979). Although it is
difficult to infer due to scarcity of comparable data,
it may be possible to consider salinity as a potential
controlling factor for the growth pattern of C. acicula.
Nonetheless, because C. acicula is one of the most
common species in the subtropics and tropics (Bé
& Gilmer 1977), a further study is needed to clarify
the response of the growth pattern in C. acicula to
physicochemical parameters of the surrounding
waters.

The bloom, on the other hand, may have occurred
as a result of a combination of several parameters. Site
6¢, despite its proximity to warmer Aegean waters,
shows lower SSTs compared to other sites along the
Canakkale Strait due to freshwater inflow from rivers
(Turkoglu et al. 2006). However, 20 July 2020 was
characterized by a 9°C increase in ambient SST, from
23°C (in 2018) to 32°C (Fig. 5a). For comparison, high
SST was also measured in the 2013 summer season
(Fig. 5a). SST was ~28°C, but salinity was 24.5 PSU,
and pH was 7.83 (Figs 5a, 5b and 5c, respectively).
Even though DO was relatively high (5.33 ml I; Fig.
5d), C. acicula was not found during sampling when
physicochemical parameters were measured (Artlz
et al. 2014), suggesting that DO may not be a factor
controlling C. acicula blooms.

Since C. acicula was previously reported from the
Southeastern Aegean waters and the Izmir coast,
one can consider the possibility of a latitudinal




migration of C. acicula associated with the improved
surrounding seawater conditions sufficient to thrive.
This theory would explain the monospecific bloom
of this species. Other pelagic mollusk species, such
as Limacina helicina in cold waters, were reported
to migrate poleward as the temperature of surface
ocean water increases (Comeau et al. 2012). Similarly,
since C. acicula prefers warm and saline environments,
increased SST due to global warming and increased
salinity in the Canakkale Strait along with increased pH
levels may have triggered the migration of C. acicula
from the Southern Aegean Sea to the northern coasts
(Canakkale Strait), which provide a suitable ecosystem
for a bloom.

5.2 Nutrient supply and Chlorophyll-a

One important factor, in  addition to
physicochemical parameters, is the nutrient supply
for a marine organism to thrive. The unique bloom of
C. acicula that occurred in mid-July 2020 in the South
China Sea was associated with the heavy rainfall
season (Dai et al. 2020). Given its adaptability, C. acicula
may have tolerated large salinity fluctuations recorded
during the outbreak season due to heavy rainfall,
which was considered to have provided an increased
food supply and contributed to elevated Chl-a (Dai et
al. 2020).

In comparison, nutrient concentrations in the study
area may show seasonal fluctuations up to 10 -15
times (Fig. 6; Turkoglu 2010), which is strongly affected
by the two-layer water exchange system formed by
warm, highly saline Mediterranean deep water and
cooler, less saline surface water originating from the
Black Sea as explained in Section 2. Nutrients in the
surface water of the Black Sea to a depth of 20-40 m
are mostly taken up within the Sea of Marmara, before
they reach the Canakkale Strait (Turkoglu 2010), and
the rest are dispersed in the Northeastern Aegean Sea,
joining the surface currents (Figs 1 and 8).

It has been suggested that nutrient enrichment
observed in different periods other than seasonal
variations may be related to vertical mixing between
the surface waters and nutrient-rich, oxygenated,
saline waters of the Mediterranean Sea as they enter
the Canakkale Strait (Tugrul et al. 2002; Tirkoglu
2010). However, in 2017 and 2018, monthly nitrate
concentrations were > 10 mmol m=3 (Fig. 6a), whereas
in 2019 and 2020, these values fluctuated between
0.6 and 1.6 mmol m= and were slightly above 0.9
mmol m= in July 2020 (Fig. 6b). The high Chl-a
concentration in the Sea of Marmara, observed on
the day of sampling (20 July 2020), did not continue
through the Canakkale Strait (Fig. 8), which may
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indicate nutrient uptake by phytoplankton and/or
other marine organisms. This finding contradicts the
food availability theory proposed for the outbreak
recorded in Daya Bay, indicating a different controlling
factor.

5.3 Increased pH and DO in response to reduced
marine traffic in the Canakkale Strait

Researchers suggest that despite increased
anthropogenic  CO, concentrations, the Northern
Aegean waters are not expected to be affected by
carbonate ion depletion as they are supersaturated
with both calcite and aragonite (Krasakopoulou
et al. 2017). Interestingly, elevated pH and DO
levels measured during the July 2020 sampling
(Fig. 5¢) indicate reduced acidity contradicting the
statements regarding declining pH levels, elevated
temperatures and pCO, on a global scale (Gruber
2011). Correspondingly, the simultaneous increase in
these parameters (Figs 5c and 5d) may be related to
reduced CO, emissions during the COVID-19 lockdowns
between April and July 2020, reflecting reduced acidity
in response to reduced greenhouse gas emissions,
which most likely provided a suitable environment for
these aragonite-shelled organisms to thrive.

The reduced CO, values in the first half of 2020
corresponding to COVID-19 lockdowns have been
recently reported (Le Quéré et al. 2020; Liu 2020),
and the Ministry of Environment and Urbanization
of Turkey has reported a 17.4% daily reduction in
greenhouse gas emissions at the country level during
the COVID-19 restrictions (Glindogmus 2020). The daily
reduction in greenhouse gas emissions in Turkey was
estimated at 0.8% (9510 tons of CO,) on 21 January
2020, and reached 17.4% (210 429 tons of CO,) on
30 April 2020. In coastal areas, where the maritime
transport sector operates, shipping emissions have
been reported to contribute to GHG emissions,
accounting for part of anthropogenic emissions
(Winnes et al. 2015). Interestingly, in the region of the
Sea of Marmara, 68% of the shipping emissions in
the Turkish Straits are emitted in the Canakkale Strait
(Deniz & Durmusoglu 2008; Durmusoglu 2013).

According to the statistics obtained from the
Directorate General of Maritime Commerce, the
Ministry of Transport and Infrastructure of Turkey
(https://atlantis.udhb.gov.tr), a total of 3692 and 3476
vessels respectively passed through the Canakkale and
Istanbul straits between April and July of 2017, 2018
and 2019 (Table 1). In 2020, a total of 3134 vessels from
the Istanbul Strait and 3384 vessels from the Canakkale
Strait were recorded between April and July (Table 1),
suggesting a decrease by ~10%. Consequently, the
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reduced domestic and international marine traffic
in the Canakkale Strait may have contributed to the
reduction of greenhouse gas emissions along with the
reduction of CO, release to surface waters, optimizing
pH and dissolved oxygen levels in the sea surface
waters for the bloom to occur.

6. Conclusions

This study reports the first occurrence and bloom
of C. acicula Rang, 1828 in the Northeast Aegean Sea
(Canakkale Strait, Turkey) observed in July 2020. We
presented the first detailed data on morphological
characteristics of C. acicula specimens collected along
the Turkish coast together with measured marine
environmental parameters. We further interpreted
the possible causes that may have favored this first
monospecific bloom of C. acicula. Our findings indicate
a reduced anthropogenic impact in the waters of the
Ganakkale Strait following reduced maritime traffic
during the COVID-19 lockdowns along with generally
increased SSTs. Given that C. acicula is one of the
most common pteropod species in the tropics and
subtropics, including the Mediterranean Region, it is
important to expand our knowledge of this species
due to its abundance as it serves as an indicator of
environmental change. Our study emphasizes the
importance of systematic seasonal sampling and data
collection to investigate the effects of the interaction
between climate change and anthropogenic
contribution in sensitive marine ecosystems.
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