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ABSTRACT
Hamsilos Bay, which is located within the first–degree natural protection area, is one of the most 
important regions on the southern Black Sea coast. Moreover, many fish species utilize this area for 
breeding and rearing activities. Small copepod Oithona davisae has been encountered in the Black Sea 
for two decades and spread rapidly the overall Black Sea, and become an important component in the 
pelagic ecosystem of the Black Sea. In this respect, the present study aims to characterize the distribution 
and abundance of Oithona davisae in Hamsilos Bay about environmental variables. Zooplankton 
samples were collected monthly from seven stations from July 2015 to June 2016 by using a plankton 
net with a mesh size of 112 μm and a diameter mouth opening of 50 cm. O. davisae was observed 
during the whole sampling period and was the dominant species from July 2015 to December 2015. 
The highest mean abundance of this species was recorded in September 2015 (3533.33 ind. m–3). 
However, the lowest mean abundance was observed between January 2016 (170.68 ind. m–3) and May 
2016 (0.24 ind. m–3). Copepodites 5–4 were predominant in the O. davisae population in all months and 
all stations. Adult copepods and their copepodites 5–4 were more abundant between July 2015 and 
December 2015, whereas the abundance of copepodites 3–1 was maximum between September 2015 
and December 2015. The abundance of O. davisae was highly correlated with chlorophyll-α and 
physiochemical variables (temperature, dissolved oxygen, and salinity). In conclusion, this species, 
which is known to be distributed only in the autumn conditions in close areas, extended its temporal 
distribution and prevailed in the copepod communities during warmer periods. This could be attributed 
to the acclimatization success of this species in Hamsilos Bay ecosystems.

Keywords: Oithona davisae, non-native, invasive species, abundance, developmental stages, 
physiochemical variables 

INTRODUCTION

Marine ecosystems are influenced by human 
activities such as implantation, aquacultural fa-
cilities, transoceanic shipping, and fisheries ac-
tivities. These activities lead to the entrance of 
non-indigenous species and the change in na-
tive communities throughout the world (Leiden-
berger et al., 2015). Non-indigenous species 
have an impact on native communities, habi-
tats, and ecosystem processes. For this reason, 
regular monitoring of the introduction of 
non-native species into the ecosystem and its 

ecological effects is important to follow up on 
the changes that may occur in the environment 
and respond appropriately in time to the po-
tential effects they can create (Brog, 2009).

The Black Sea, a semi-enclosed inland sea, is 
connected to the Aegean Sea and the Mediter-
ranean Sea in the southwest through the Turk-
ish Straits System and to the Sea of Azov in the 
north through the Kerch Strait (Ünlüata et al., 
1990). The Black Sea is a very sensitive ecosys-
tem that can be easily affected by alien (non-na-
tive) species due to its geographic location (Se-
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lifonova, 2011a). It is known that the introduction of non-indige-
nous species into the Black Sea started in the 19th century and 
led to great problems in the following decades (Shiganova, 
1998). One of the alien species that entered the Black Sea prob-
ably with ballast waters (Gubanova et al., 2014) is the cyclopoid 
copepod Oithona davisae. Known to be native to the Seas of Ja-
pan and China (Razouls et al., 2023), Oithona davisae has suc-
cessfully settled in many different marine and estuarine ecosys-
tems such as the Barcelona Harbor in Spain (Saiz et al., 2003), 
Marmara Sea (Doğan & İşinibilir Okyar, 2016), Aegean Sea in Tur-
key (Terbıyık Kurt & Beşiktepe, 2019), İskenderun Bay in Levan-
tine Sea in Turkey (Terbıyık-Kurt et al., 2022), Sacramento-San 
Joaquin estuary in California (Ferrari & Orsi, 1984), San Francisco 
Bay estuary in California (Lougee et al., 2002), Bilbao estuary in 
Spain (Uriarte et al., 2016). O. davisae was first found in 2001 in 
Sevastopol Bay in the Black Sea. Firstly, it was misidentified as 
Oithona brevicornis (Zagorodnyaya, 2002), but later it was identi-
fied as O. davisae upon re-examination of zooplankton speci-
mens (Temnykh & Nishida, 2012). The first record of O. davisae 
was in Sinop in 2009 along the Black Sea coast of Turkey (Üstün 
& Terbiyik Kurt, 2016). Later, O. davisae expanded its distribution 
towards the eastern Black Sea (Trabzon coast) (Yıldız et al., 2017) 
in 2010 and the western Black Sea (İğneada coast) in 2012-2013 
(Üstün et al., 2019). It is seen that O. davisae become to have a 
higher abundance and frequency, thus expanding its range on 
the Turkish coasts of the Black Sea after reporting by Üstün & Ter-
biyik Kurt, 2016 on the Sinop coast.

Hamsilos Bay had great significance on the southern Black Sea 
coast due to its location within the first–degree natural protec-
tion area (Anonymous, 2018). Furthermore, Hamsilos Bay is a 
breeding and rearing area for many fish species. In the present 
study, the temporal and spatial distribution of the abundance 
values of O. davisae in Hamsilos Bay, a protected area, and its 
relationship with environmental parameters have been first ex-
amined.

MATERIALS AND METHODS

Sampling area
Our study area, Hamsilos Bay, is 11 km from Sinop, a natural har-
bor located at the northernmost point of Turkey. While it looks 
like a fjord, it is a small ria formed by the submersion of a valley 
underwater (Akkan, 1975). The importance of Hamsilos Bay is 
demonstrated by its status as a natural area of protection, the ab-
sence of residential areas, and no dumping of any pollutants in 
this area, therefore is no stress factor harming the flora and fauna 
living here. Additionally, as it is an enclosed and protected area 
in terms of winds (mistral–northbound) and covered with Zostera 
facies in its deep structure (Ersoy Karaçuha, 2006), it provides 
shelter for various benthic and demersal living beings and makes 
the Bay a significant reproduction and shelter area for fish (Uy-
gun, 2015).

Sampling and laboratory studies
The study was conducted monthly at seven stations in Hamsilos 
Bay from July 2015 to June 2016 (Table 1 and Figure 1). Environ-
mental variables were simultaneously obtained after zooplank-
ton samplings. The physical parameter (temperature, dissolved 
oxygen, and salinity) values of the surface seawater were record-
ed with the YSI 6600 MDS model multiparameter (YSI Incorporat-

Figure 1.  Location of sampling stations.

Table 1. Information about sampling stations.

Station 
name

Information of  
Coordinate

Sampling  
Depth (m)

A 42º03'38''N – 35º02'31''E 2
B 42º03'36''N – 35º02'36''E 4
C 42º03'40''N – 35º02'36''E 9
D 42º03'45''N – 35º02'40''E 13
E 42º03'52''N – 35º03'14''E 30
F 42º04'5''N – 35º02'59''E 30
G 42º04'12''N – 35º02'45''E 30
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ed, Ohio, USA). The concentration of chlorophyll-a (μg. l-1) was 
estimated according to Parsons et al. (1984).

A plankton net with a mouth opening of a diameter of 50 cm and 
a mesh size of 112 µm was vertically towed from the bottom to 
the surface of the water during the daytime. After sampling, the 
collected material was transferred into a bottle and preserved in 
a solution of borax-buffered 4% formaldehyde in seawater. O. 
davisae individuals were quantitatively examined using subsam-
ples (two replicates) with a Stempel pipette (1 ml). Subsamples 
varied from 1/1 to 1/100 (usually 1/25 and 1/50) depending on 
the abundance of individuals in the samples. The abundance re-
sults of O. davisae were given in individual (ind.) m–3. The conse-
quences were presented as mean ± standard deviation.

In a zooplankton counting chamber, the development stages of 
Oithona davisae were identified and counted under a stereomi-
croscope. The present study did not include naupliar stages of 
this species because the mesh size of our zooplankton was inap-
propriate (Uye & Sano, 1995). According to Ferrari & Orsi (1984) 
and Temnykh & Nishida (2012), O. davisae was identified.

Analyses of Spearman correlation (SPSS 21, IBM Corp., Armonk, 
NY, USA) were applied to determine the correlation between the 
abundance of O. davisae and abiotic and biotic variables. The 
difference in abundance values of developmental stages of O. 
davisae between stations and months was tested by One-way 
ANOVAs with post hoc Tukey tests (SPSS 21, IBM Corp., Armonk, 
NY, USA).

RESULTS

Environmental parameters
A detailed description of the hydrological status of the sampling 
site was given by Üstün (2019) and Üstün & Birinci Özdemir 
(2019). During the sampling period, a clear seasonal cycle was 
observed in the mean temperature of surface seawater and fluc-

tuated from 8.44 ± 0.04 °C (February 2016) to 25.71 ± 0.16 °C (Au-
gust 2015) in Hamsilos Bay. The surface seawater means salinity 
ranged between 17.74 ± 0.07‰ (September 2015) and 18.96 ± 
0.03‰ (May 2016). The dissolved oxygen values in surface seawa-
ter varied from 7.56 ± 0.36 mg. l–1 (July 2015) to 9.88 ± 0.13 mg. 
l–1 (February 2016). The mean concentration of chlorophyll-a fluc-
tuated between 0.15±0.10 μg. l–1 (March 2016) and 0.71 ± 0.16 
μg. l–1 (October 2015) in the surface seawater (Figure 2).

Seasonal dynamics of population abundance of Oithona davisae
The clear seasonal distribution pattern of Oithona davisae abun-
dance was observed in the study area and ANOVA showed that 
differences between the abundance of O. davisae were statisti-
cally important in sampling months (F=14.961; p<0.05), but not 
at sampling stations (F=0.195; p>0.05). O. davisae had greater 
mean abundance values during the summer-autumn periods. 
The highest value for mean abundance was observed in Septem-
ber 2015 (3533.33 ± 1194.89 ind. m–3). A small–scale decrease in 
mean abundance was observed in the period from September 
2015 to December 2015 (1715.05 ± 938.67 ind. m–3). In January 
2016, mean abundance values started to decrease sharply and 
reached 170.68 ± 52.74 ind. m–3. After January 2016, the decreas-
ing trend continued gradually until May 2016 (0.24 ± 0.58 ind. 
m–3) and reached its lowest level in May 2016 (Figure 3).

O. davisae concentrated in the inshore of the bay and the abun-
dance of this species decreased at stations located outer of the 
bay. The maximum abundance value of O. davisae was noted in 
September 2015 at station B (5550 ind. m–3) and the minimum 
abundance value was determined in May 2016 at station D (1.67 
ind. m–3). While there were high abundance values at stations 
inside the bay during July–August–September 2015, the abun-
dance of this species at stations outside of the bay reached 
high values during October–November–December 2015. Oi-
thona davisae was found only at station D in May 2016 (Figure 
3, Table 2).

Figure 2.  The monthly mean variation in environmental factors on surface seawater in Hamsilos Bay, Sinop.
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Population age structure
The majority of the population of O. davisae consisted of co-
pepodite 5–4 (Figure 4). The abundance values of females varied 
from 0.83 ind. m–3 (June 2016; St F and G) to 625 ind. m–3 (July 
2015; St A). The presence of females was more pronounced in 
September 2015 and October 2015 (Figure 5). The female abun-
dance values among months differed significantly (F=11.850; 
p<0.05). Between stations, there were no statistically significant 
variations in female abundance (F=0.217; p>0.05). Abundance 
values of the male were lowest in January 2016 (2.5 ind. m–3; St C) 
and highest in July 2015 (781.25 ind. m–3; St A). Three peak peri-
ods (July 2015, September 2015, and December 2015) were ob-
served in males (Figure 5). Male abundance significantly differed 
between months (F=5.899; p<0.05). In terms of male abundance, 
there were no statistical differences between stations (F=0.600; 
p>0.05). The mean sex ratio (female/male) values of O. davisae 
varied between 0.56 and 3.79. Female individuals dominated the 
community from August 2015 to February 2016 (Figure 6).

Copepodit 5–4 was present all over the research period (in May 
2016 only in station D), with its maximum abundance of 4825 ind. 
m–3 at station B in September 2015 and its minimum abundance 
of 1.67 ind. m–3 at station D in May 2016. Copepodit 5–4 was 
dominated during the July 2015–December 2015 periods (Figure 
5). Abundance values of copepodit 5–4 showed statistically sig-
nificant differences among months (F=15.077; p<0.05). There 

were no statistically significant differences in copepodit 5–4 
abundance among the stations (F= 0.255; p>0.05) (Figure 5).

Copepodit 3–1 abundance values ranged between 1 ind. m–3 
(February 2016; St B) and 650 ind. m–3 (November 2015; St F). It 
contributed significantly to the O. davisae population between 
September 2015 and December 2015 (Figure 5). Abundance val-
ues of copepodit 3–1 showed statistically significant differences 
among months (F=13.723; p<0.05). No significant differences in 
copepodit 3–1 abundance were observed between stations 
(F=0.151; p>0.05).

Female, male, and copepodite 3–1 individuals were not encoun-
tered in March 2016 and May 2016. In April 2016, female and co-
pepodit 3–1 were determined only at station A, and male at sta-
tion C (Figure 5). Minimum and maximum mean abundance val-
ues were in the range of 0.71 ± 1.75 (April 2016) to 317.26 ± 48.40 
(September 2015) ind. m–3in female, 0.71 ± 1.75 (April 2016) to 
262.5 ± 246.52 (July 2015) ind. m–3in male, 0.24 ± 0.58 (May 2016) 
to 2818.75 ± 1163.20 (September 2015) ind. m–3in copepodit 5–4, 
1.43 ± 3.5 (April 2016) to 441.55 ± 176.88 (November 2015) ind. 
m–3 in copepodit 3–1 (Figure 5).

The abundance of developmental stages of O. davisae was well 
correlated with trophic elements and physiochemical variables. It 
was found that the abundance and distribution of developmen-
tal stages of O. davisae correlated negatively with salinity and 

Figure 3.  Spatial and temporal distributions in abundance (ind. m–3) of O. davisae in Hamsilos Bay.

Table 2. Minimum, maximum, and mean of abundance values (ind. m–3) of O. davisae according to stations in Hamsilos Bay.

Stations A B C D E F G

Minimum 10
(March 2016)

4
(April 2016)

12.5
(March 2016)

1.67
(May 2016)

4.17
(April 2016)

4.17
(April 2016)

2.5
(April 2016)

Maximum 5062.5
(July 2015)

5550
(September 

2015)

4575
(September 

2015)

3487.5  
(September 

2015)

3137.5 
(October 

2015)

2900 
(October 

2015)

2712.5  
(December 

2015)
Mean±STD 1142±1683.7 1569±1568.6 1408±1459.5 1315±1321.7 901±1094.7 994±1145.6 1008±1147.1
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dissolved oxygen, but showed a positive correlation with chloro-
phyll-a and temperature. No correlation was found between the 
abundance of males and chlorophyll-a (Table 3).

DISCUSSION

Seven oithonid species were found in the Black Sea until now 
(Razouls et al., 2023). Most of these recorded oithonid species 
were known as questionable and had insufficient resources (Gu-

banova et al., 2014). Although Oithona similis are commonly dis-
tributed overall Black Sea (Gubanova et al., 2014), Oithona davi-
sae expanded its distribution and became one of the most im-
portant components in the coastal community in the Black Sea 
(Gubanova et al., 2014), after the first observation of this species 
in Sevastopol Bay in the early 2000s (Zagorodnyaya, 2002). The 
abundance of this species in Sevastopol Bay already exceeded 
40,000 ind. m–3 in October 2005 (Gubanova & Altukhov, 2007) 
and reached almost 100,000 ind. m–3 in October 2016 (Svetlichny 

Figure 4.  The percentage mean abundance contributions of different developmental stages of O. davisae in Hamsilos Bay.

Figure 5.  Temporal changes in mean abundance distributions of different developmental stages of O. davisae in Hamsilos Bay.

https://www.sciencedirect.com/science/article/pii/S0924796313003060
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et al., 2018). Only eight years after the first appearance in the 
Black Sea, the evidence of the distribution of Oithona davisae 
was first observed on Turkey’s coast in the Black Sea (Üstün & Ter-
biyik Kurt, 2016). It is seen that the presence of O. davisae is ob-
served in the plankton every month and its abundance value in-
creased when compared with the present study conducted in 
2015–2016 in Sinop in respect of the species that were found to 
be present only in September–December period in Sinop in 
2009. It was observed in other studies (Yıldız et al., 2017; Üstün et 
al., 2019; Yildiz & Feyzioğlu, 2020) carried out on the Turkish 
coasts of the Black Sea that the species reached values of maxi-
mum in the July–December (summer–autumn) period and 
demonstrated the lowest values in the January–May (win-
ter-spring) period as is the case with the present study. Similar re-
sults were also revealed in the studies carried out on the coasts 
of Sevastopol Bay, Novorossiysk Bay, Romania, Bulgaria, and 
Georgia (Gubanova & Altukhov, 2007; Selifonova, 2011b; Timofte 
& Tabarcea, 2012; Mihneva & Stefanova, 2013; Seregin & Popova, 
2016; Shvelidze, 2016; Svetlichny et al., 2018). Although the dif-
ferent plankton net sizes and sampling periods and depths do 
not allow us to compare the abundance values obtained from 
different studies, the studies demonstrated that the species has 
expanded its abundance and both temporal and spatial distribu-
tion since it was first found in the Black Sea.

In 2009, O. davisae was only distributed autumn period (Üstün & 
Terbiyik Kurt, 2016), however, it seems that O. davisae expanded 
its temporal distribution and was observed the following year on 
the Sinop coast. O. davisae to successfully inhabit and spread to 
new marine areas most probably due to having bioecological 
features, such as thermophilic (Ferrari & Orsi, 1984; Uye & Sano, 
1995; Mihneva & Stefanova, 2013; this study), euryhaline 
(Svetlichny & Hubareva, 2014; Hubareva & Svetlichny, 2016), re-

production style (Svetlichny et al., 2016), food source (principally 
feeds on ciliates and heterotrophic dinoflagellates) (Uchima, 
1988; Saiz et al., 2003; Khanaychenko et al., 2018), locomotor ac-
tivity and energy metabolism (body mass density, sinking, and 
swimming speeds) (Svetlichny et al., 2016).

Oithona davisae is a long–lived species and demonstrates con-
siderable variation in population size depending on temperature 
changes affecting food resources and the development of plank-
tonic predators (Svetlichny et al., 2016). It is either absent (Taka-
hashi & Uchiyama, 2007) or very scarce (Uye & Sano, 1995) during 
the winter–spring seasons among the planktons of the coastal 
waters of East Asia, its original habitat. The abundance of this cy-

clopoid copepod is low in the Black Sea during winter and spring 
and increases from summer to autumn with the increasing tem-
perature (Gubanova &Altukhov, 2007; Selifonova, 2011b; Altuk-
hov et al., 2014; Seregin & Popova, 2016). Capable of surviving 
the cold seasons in the Black Sea, fertilized females reproduce 
the next generation under favorable spring conditions (Svetlichny 
et al., 2016).

In the coastal waters of southeastern Japan, the original habitat 
of O. davisae, the species has been found to inhabit in seasonal 
temperature variations between 8.9 and 28.2 °C (Uye & Sano, 
1995). The present study observed the highest abundance values 
between July 2015 and September–December 2015. The water 
temperature varied between 12–24 °C during this period. The 
lowest abundance values were recorded between February (8.4 
°C–54 ind. m–3) and May (11.6 °C–0.24 ind. m–3). The results of this 
study agree with findings acquired in the Black Sea previously 
(Mihneva & Stefanova, 2013; Üstün & Terbiyik Kurt, 2016; Yıldız et 
al., 2017; Yildiz & Feyzioğlu, 2020). It was observed in the Black 
Sea that an intense increase in the population size of this species 
started when the surface water temperature reached 18–20 ºС 
(Seregin & Popova, 2016). The analysis of seasonal variations of 
O. davisae recorded in samples collected from the coastal areas 
of Sinop suggested that temperature has a remarkable influence 
on the development time and abundance of the species. This 
study detected a strong positive correlation between tempera-
ture and O. davisae abundance. A negative correlation was cal-
culated between O. davisae abundance values and surface sea-
water temperature in the seasonal study managed in İğneada 
(Üstün et al., 2019).

Exotic species that can successfully colonize new habitats are 
considered to have a wide salinity tolerance (Lee et al., 2003). O. 

Figure 6.  Mean sex ratio (male/female) values of O. davisae in 
Hamsilos Bay.

Table 3. Correlation between the abundance of O. davisae and developmental stages and environmental variables.

 O. davisae Female Male Copepodit 5–4 Copepodit 3–1

Chlorophyll-a .253 (*) .232 (*) .151 .246 (*) .331 (**)
Temperature (ºC) .669 (**) .752 (**) .754 (**) .685 (**) .488 (**)
Salinity (‰) -.771 (**) -.795(**) -.730(**) -.810 (**) -.734 (**)
Dissolved oxygen 
(DO mg. l-1)

-.710 (**) -.763 (**) -.770(**) -.738 (**) -.509 (**)

*Correlation is significant at the 0.05 level (2-tailed); **Correlation is significant at the 0.01 level (2-tailed)
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davisae has been detected in the salinity range of 28.6–32.3‰ in 
the Sea of Japan (Uye & Sano, 1995), in the salinity range of 12–
19‰ in the San Francisco estuary (Ferrari & Orsi, 1984) and in the 
salinity range of 15.8–17.2‰ in the western Black Sea (Mihneva & 
Stefanova, 2013). In their experimental studies, Svetlichny & Hu-
bareva (2014) and Hubareva & Svetlichny (2016) have shown that 
O. davisae can adapt well to high salinity and the species can live 
in the salinity range of 3–55‰ by keeping its body mass density 
constant and that O. davisae is (partly, 12–40‰) osmoregulatory 
species. The salinity ranged between 17.74–18.54‰ (mean: 18.27 
± 0.27‰) during the period when the values of the maximum 
abundance of the species were observed in our study. This study 
determined a negative correlation between salinity and abun-
dance values of O. davisae. A positive correlation was calculated 
between the abundance values of O. davisae and surface seawa-
ter salinity in the seasonal study conducted in İğneada (Üstün et 
al., 2019). This contradictory report could be related to the joint 
and complex effect of the environmental variables. 

In its original habitat, Asian waters, there is a congruence be-
tween the months with the highest abundance of the species 
and the months with the highest concentration of chlorophyll-a 
(Uye & Sano, 1995). It was revealed in our study that chlorophyll-a 
values ranged between 0.17–0.71 μg. l–1 (mean: 0.41 ± 0.19 μg. l–1) 
during the period when the highest abundance values of the 
species were observed. A positive correlation was detected be-
tween abundance values of Oithona and chlorophyll-a in this 
study, however, such a case was not detected in the study con-
ducted in Trabzon (Yıldız et al., 2017).

CONCLUSION

O. davisae has a high tolerance to different environmental condi-
tions and physiological structures (osmoregulatory systems, high 
egg production rate, high metabolic activity, etc.) which facilitate 
to survival and reproduction of Oithona davisae in the Black Sea. 
In our study, it seems that O. davisae has expanded its spatial 
and temporal distribution along the Sinop coast in the Black Sea 
and has been inhabited by increasing its population, and biotic 
and abiotic factors affected the temporal distribution of this spe-
cies. This study suggests that O. davisae has been successful in 
inhabiting and establishing a constant population in the south-
ern Black Sea.

Note: This study was presented orally at the “13th International 
Conference on Copepoda” held in Los Angeles, California, from 
the 16th to the 21st of July 2017.

Acknowledgments: This work was supported by Sinop Universi-
ty for Scientific Research Project (project number SÜF-1901-14-
04. We thank the staff at the RV ‘Zıpkın’ for assistance with the 
cruises, Dr. Leonid S. Svetlichny for useful suggestions, Land-
scape Architecture Cansu Öztekin Kara for drawing the stations 
map, and Mehmet Bahtiyar for his help in the fieldwork. We 
would also like to thank the referees for their valuable comments 
on the manuscript.

Compliance with Ethical Standard: Authors declare that ethical 
approval is not required for this type of study.

Conflict of Interests: Authors declare that they have no financial 
interests or personal relationships that could affect this work, 
hence no conflict of interest.

Financial disclosure: This work was supported by Sinop Univer-
sity for the Scientific Research Project (project number SÜF-1901-
14-04).

REFERENCES

Akkan, E. (1975). Sinop Yarımadasının jeomorfolojisi. Ankara University 
Publisher, Ankara, Turkey, (in Turkish).

Altukhov, D.A., Gubanova, A.D. & Mukhanov, V.S. (2014). New invasive 
copepod Oithona davisae Ferrari and Orsi, 1984: seasonal dynamics 
in Sevastopol Bay and expansion along the Black Sea coasts. Marine 
Ecology an Evolutionary Perspective, 35 (Supplement s1), 28−34. 
https://doi.org/10.1111/maec.12168.

Anonymous, (2018). Ministry of forestry and water affairs (Orman ve Su 
Işleri Bakanligi), general directorate of nature conservation and 
National Parks (Doga Koruma ve Milli Parklar Genel Müdürlügü). 
http://hamsilos.tabiat.gov.tr/ (accessed 15 February 2018). (in Turkish).

Brog, M.A. (2009). Non-indigenous zooplankton − the role of predatory 
cladocerans and of copepods in trophic dynamics. [PhD thesis] 
University of Stockholms, Stockhol, Sweden.

Doğan, G. & İşinibilir Okyar, M. (2016). First report of a new invasive 
species Oithona davisae Ferrari and Orsi, 1984 (Copepoda: 
Cyclopoida) in the Sea of Marmara. Turkish Journal of Fisheries and 
Aquatic Sciences, 16, 469−473. https://doi.org/10.4194/1303-
2712-v16_2_27.

Ersoy Karaçuha, M. (2006). Sinop Yarımadası kıyıları Zostera fasieslerinin 
Crustacea (Arthropoda) faunası ve ekolojik özellikleri (Crustacea 
(Arthropoda) fauna of Zostera facies in Sinop Peninsula coasts and 
their bioecological features). [Master’s Thesis] University of Ondokuz 
Mayıs, Samsun, Turkey (Turkish with English Abstract).

Ferrari, F.D. & Orsi, J. (1984). Oithona davisae, new species, and 
Limnoithona sinensis (Burckhardt, 1912) (Copepoda: Oithonidae) 
from the Sacramento-san Joaquin Estuary, California. Journal of 
Crustacean Biology, 4(1), 106–126.

Gubanova, A. & Altukhov, D. (2007). Establishment of Oithona brevicornis 
Giesbrecht, 1892 (Copepoda: Cyclopoida) in the Black Sea. Aquatic 
Invasions, 2, 407–410. doi: 10.3391/ai.2007.2.4.10.

Gubanova, A., Altukhov, D., Stefanova, K., Arashkevich, E., Kamburska, 
L., Prusova, I., Svetlichny, L., Timofte, F. & Uysal, Z. (2014). Species 
composition of Black Sea marine planktonic copepods. Journal of 
Marine System, 135, 44–52.

Hubareva, E.S. & Svetlichny, L.S. (2016). Copepods Oithona similis and 
Oithona davisae: Two strategies of ecological–physiological 
adaptation in the Black Sea. Oceanology, 56(2), 241–247.

Khanaychenko, A., Mukhanov, V., Aganesova, L., Besiktepe, S. & 
Gavrilova, N. (2018). Grazing and feeding selectivity of Oithona 
davisae in the Black Sea: Importance of cryptophytes. Turkish Journal 
of Fisheries and Aquatic Sciences, 18, 937–949. http://doi.
org/10.4194/1303-2712-v18_8_02.

Lee, C.E., Remfert, J.L. & Gelembiuk, G.W. (2003). Evolution of 
physiological tolerance and performance during freshwater 
invasions. Integrative and Comparative Biology, 43(3), 439–449. 
https://doi.org/10.1093/icb/43.3.439.

Leidenberger, S., Obst, M., Kulawik, R., Stelzer, K., Heyer, K., Hardisty, A. 
& Bourlat, S.J. (2015). Evaluating the potential of ecological niche 
modelling as a component in marine non-indigenous species risk 
assessments. Marine Pollution Bulletin, 97, 470–487.

Lougee, L.A., Bollens, S.M. & Avent, S.R. (2002). The effects of haloclines 
on the vertical distribution and migration of zooplankton. Journal of 

https://doi.org/10.1111/maec.12168
http://hamsilos.tabiat.gov.tr/
http://doi.org/10.4194/1303-2712-v18_8_02
http://doi.org/10.4194/1303-2712-v18_8_02


71

Aquat Sci Eng 2024; 39(2): 64-71
Üstün, Terbıyık Kurt and Hasançavuşoğlu. The Establishment of the Non-indigenous Cyclopoid Copepod Oithona davisae in Hamsilos Bay-Sinop, Southern...

Experimental Marine Biology and Ecology, 278, 111–134. https://doi.
org/10.1016/S0022-0981(02)00326-X

Mihneva, V. & Stefanova, K. (2013). The non-native copepod Oithona 
davisae (Ferrari FD and Orsi, 1984) in the Western Black Sea: seasonal 
and annual abundance variability. Bioinvasions Records, 2(2), 119–
124. http://dx.doi.org/10.3391/bir.2013.2.2.04.

Parsons, T.R., Maita, Y. & Lalli, C.M. (1984). A manual of chemical and 
biological methods for seawater analysis. Oxford, United Kingdom.

Razouls, C., Desreumaux, N., Kouwenberg, J. & de Bovée, F. (2023). 
Biodiversity of Marine Planktonic Copepods (morphology, 
geographical distribution and biological data). Sorbonne University, 
CNRS. http://copepodes.obs-banyuls.fr/en (accessed 09 March 
2023).

Saiz, E., Calbet, A., Broglio, E. & Marı, P. (2003). Effects of small-scale 
turbulence on copepods: The case of Oithona davisae. Limnology 
and Oceanography, 48(3), 1304–1311. https://doi.org/10.4319/
lo.2003.48.3.1304.

Selifonova, Z.P. (2011a). Ships’ ballast as a primary factor for 
‘Mediterraneanization’ of pelagic copepod fauna (Copepoda) in the 
Northeastern Black Sea. Acta Zoologica Bulgarica, 63(1), 77–83.

Selifonova, Z.P. (2011b). Oithona brevicornis Giesbrecht (Copepoda: 
Cyclopoida), invader into the Black Sea and in the Sea of Azov. 
Russian Journal of Biological Invasions, 2(2–3), 227–232. http://dx.
doi.org/10.1134/s2075111711030131.

Seregin, S.A. & Popova, E.V. (2016). Long-term dynamics of the copepod 
invader Oithona davisae in coastal waters of the Black Sea. Russian 
Journal of Biological Invasions, 7(4), 374–382. https://doi.org/10.1134/
s207511171604007x.

Shiganova, T.A. (1998). Invasion of the Black Sea by the ctenophore 
Mnemiopsis leidyi and recent changes in pelagic community 
structure. Fisheries Oceanography, 7, 305–310. https://doi.
org/10.1046/j.1365-2419.1998.00080.x.

Shvelidze, T. (2016). First record of Oithona davisae Ferrari and Orsi, 1984 
(Copepoda, Cyclopoida) and seasonal variations in the Georgian 
Black Sea coast. Academia Journal of Scientific Research, 4(11), 424–
428. doi: 10.15413/ajsr.2016.0141.

Svetlichny, L. & Hubareva, E. (2014). Salinity tolerance of alien copepods 
Acartia tonsa and Oithona davisae in the Black Sea. Journal of 
Experimental Marine Biology and Ecology, 461, 201–208. http://dx.
doi.org/10.1016/j.jembe.2014.08.012.

Svetlichny, L., Hubareva E., Khanaychenko A., Gubanova A. & Besiktepe, 
S. (2016). Adaptive strategy of thermophilic Oithona davisae in the 
cold Black Sea environment. Turkish Journal of Fisheries and Aquatic 
Sciences, 16(1), 77–90. https://doi.org/10.4194/1303-2712-v16_1_09.

Svetlichny, L., Hubareva, E. & İşinibilir, M. (2018). Population dynamics of 
the copepod invader Oithona davisae in the Black Sea. Turkish 
Journal of Zoology, 42(6), 684–693. https://doi.org/10.3906/zoo-
1804-48.

Takahashi, T. & Uchiyama, I. (2007). Morphology of the naupliar stages of 
some Oithona species (Copepoda: Cyclopoida) occurring in Toyama 
Bay, southern Japan Sea. Plankton Benthos Research, 2(1), 12–27. 
https://doi.org/10.3800/pbr.2.12.

Temnykh, A. & Nishida, S. (2012). New record of the planktonic copepod 
Oithona davisae Ferrari and Orsi in the Black Sea with notes on the 
identity of “Oithona brevicornis”. Aquatic Invasions, 7(3), 425–431. 
doi: http://dx.doi.org/10.3391/ai.2012.7.3.013.

Terbıyık Kurt, T. & Beşiktepe, Ş. (2019). First distribution record of the 
invasive copepod Oithona davisae Ferrari and Orsi, 1984, in the 
coastal waters of the Aegean Sea. Marine Ecology, 40(3), e12548. 
https://doi.org/10.1111/maec.12548.

Terbıyık-Kurt, T., Polat, S. & Guy-Haim, T. (2022). New invasive copepod 
species from the Levantine Sea, north-eastern Mediterranean: 
Oithona davisae (Ferrari and Orsi, 1984) (Cyclopoida: Oithonidae). 
Bioinvasions Records, 11(1), 215–226. https://doi.org/10.3391/
bir.2022.11.1.22.

Timofte, F. & Tabarcea, C. (2012). Oithona brevicornis Giesbrecht, 1892 
(Copepoda: Cyclopoida)-First record in the Romanian Black Sea 
waters. Journal of Environmental Protection and Ecology, 13(3A), 
1683–1687.

Uchima, M. (1988). Gut content analysis of neritic copepods Acartia 
omorii and Oithona davisae by a new method. Marine Ecology 
Progress Series, 48, 93–97. https://doi.org/10.3354/meps048093.

Uriarte, I., Villate, F. &, Iriarte, A. (2016). Zooplankton recolonization of the 
inner estuary of Bilbao: influence of pollution abatement, climate 
and non-indigenous species. Journal of Plankton Research, 38(3), 
718–731. https://doi.org/10.1093/plankt/fbv060.

Uye, S. & Sano, K. (1995). Seasonal reproductive biology of the small 
cyclopoid copepod Oithona davisae in a temperate eutrophic inlet. 
Marine Ecology Progress Series, 118, 121–128. https://doi.
org/10.3354/meps118121.

Uygun, O. (2015). Balık larvalarının Sinop-Akliman kıyılarındaki 
kompozisyonu (Composition of fish larvae in Sinop-Akliman coast of 
the Black Sea). [Master’sThesis] University of Sinop, Sinop, Turkey 
(Turkish with English Abstract).

Ünlülata, Ü., Oğuz, T., Latif, M.A. & Özsoy, E. (1990). On the Physical 
Oceanography of the Turkish Straits. In Pratt, L.J. (Eds.), The Physical 
Oceanography of Sea Straits (pp. 25–60). NATO ASI Series, vol 318. 
Springer, Dordrecht. https://doi.org/10.1007/978-94-009-0677-8_2. 
ISBN : 978-94-010-6789-8.

Üstün, F. &, Terbiyik Kurt, T. (2016). First report of the occurrence of 
Oithona davisae Ferrari F. D. & Orsi, 1984 (Copepoda: Oithonidae) in 
the southern Black Sea, Turkey. Turkish Journal of Fisheries and 
Aquatic Sciences, 16(2), 413–420. https://dx.doi.org/ 10.4194/1303-
2712-v16_2_21.

Üstün, F. (2019). Seasonal cycle of zooplankton abundance and biomass 
in Hamsilos Bay, Sinop, Southern Black Sea, Turkey. Journal of Natural 
History, 53(7-8), 365–389. https://doi.org/10.1080/00222933.2019.159
2257.

Üstün, F., Bat L. & Şahin F. (2019). Composition, abundance and biomass 
of mesozooplankton in the southwestern Black Sea along the coast 
of İğneada, Turkey. Biologia 74, 851–862. https://doi.org/10.2478/
s11756-019-00219-w.

Üstün, F. & Birinci Özdemir, Z. (2019). Seasonal distribution of gelatinous 
macrozooplankton in the Hamsilos Bay, Southern Black Sea, Turkey. 
KSU Journal of Agriculture and Nature, 22(4), 583–592. https://doi.
org/10.18016/ksutarimdoga.vi.511807

Yıldız, İ., Feyzioglu, A.M. & Besiktepe, S. (2017). First observation and 
seasonal dynamics of the new invasive planktonic copepod Oithona 
davisae Ferrari and Orsi, 1984 along the southern Black Sea 
(Anatolian Coast). Journal of Natural History, 51(3–4), 127–139. http://
dx.doi.org/10.1080/00222933.2016.1229060.

Yildiz, İ. & Feyzioğlu, A.M. (2020). Spatial and seasonal variation of the 
new invader Oithona davisae (Ferrari F. D. & Orsi, 1984) (Cyclopoida: 
Oithonidae) in the Southeast Black Sea. Acta Zoologica Bulgarica, 
72(4), 517–524.

Zagorodnyaya, Y.A. (2002). Oithona brevicornis in the Sevastopol Bay: is 
it a single event or a new invader in the Black Sea Fauna? Marine 
Ecology Journal (Morskyj Ecologichny Journal), 61, 43. (in Russian). 

https://doi.org/10.4319/lo.2003.48.3.1304
https://doi.org/10.4319/lo.2003.48.3.1304
http://dx.doi.org/10.1016/j.jembe.2014.08.012
http://dx.doi.org/10.1016/j.jembe.2014.08.012
http://dx.doi.org/10.3391/ai.2012.7.3.013
https://doi.org/10.1093/plankt/fbv060
https://doi.org/10.2478/s11756-019-00219-w
https://doi.org/10.2478/s11756-019-00219-w

