
 

 

 

 

The Project is co-financed with 800 K Euro by the European 

Regional Development Fund and the Republic of Cyprus through 

the Research and Innovation Foundation with grant number 

INTEGRATED/0918/0046 

 

Work Package ID:  WP5 

 

Work Package Title:  Design of off-shore marine aquaculture station 

 

Deliverable ID:  D17 

 

Deliverable Title:  Onsite exploration of essential variables 

 

Status:  FINAL 

 

Dissemination Level:  Public  

 

Partner Leader:  CSCS  

 

Open Sea Aquaculture  
in the Eastern Mediterranean 



D17: Onsite exploration of essential variables    

02 August 2021  Public  Page 1 of 22 

Disclaimer  

Use of any knowledge, information or data contained in this document shall be at the 

user's sole risk. Neither the OS Aqua Consortium nor any of its members, their officers, 

employees or agents accept shall be liable or responsible, in negligence or otherwise, 

for any loss, damage or expense whatever sustained by any person as a result of the 

use, in any manner or form, of any knowledge, information or data contained in this 

document, or due to any inaccuracy, omission or error therein contained. 

The OS Aqua project (INTEGRATED/0918/0046) has been partially funded under the 

RESTART 2016-2020 Programme, Integrated Projects Call, of the Cyprus Research 

and Innovation Foundation. This publication reflects the views only of the authors, and 

the Funding Agency cannot be held liable or responsible for any use which may be 

made of the information contained herein or of any consequences thereof. 

Copyright notice 

© Copyright 2020-2024, The OS Aqua Consortium 

This document contains information that is protected by copyright. All Rights 

Reserved. No part of this work covered by copyright hereon may be reproduced 

or used in any form or by any means without the permission of the copyright 

holders.  
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Executive Summary  

Here we describe the sample collection from a site of potential interest for open sea 

aquaculture. This task received input from WP3 and WP4 for the selection of the survey 

locations and methodology. The sampling took place on November 15th, 2021 at two stations. 

The first station is representative of a potential open sea aquaculture site. The second site was 

closer to Limassol and is considered an urban background station. Water, plankton and 

macrofauna samples were collected from the sites. A glider was launched to collect data over 

the wider area and an ROV captured visual recording for the dissemination of project 

outcomes. The samples will be analysed and the outcomes will assist WP6 in designing an 

ongoing and automated monitoring scheme for the sites.   
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1 Introduction/ Background  

The set-up of an aquaculture unit is a complex problem with environmental, financial, 

and logistical aspects. The OS-Aqua project breaks this multifaceted issue into its 

components and addresses them individually while providing a holistic overview.  

The location of the aquaculture unit carries great significance. The main considerations 

for the selection of the location are: (1) suitability for fish grow-out, (2) conflicts with 

other marine space users, (3) installation and operational costs and (4) environmental 

sensitivity.   

Previous work in the project (work packages 3-Ecosystem and oceanographic 

modelling for site selection, 4- Spatial Planning of Marine Aquaculture as well as the 

present work package 5- Design of off-shore marine aquaculture station) has identified 

suitable promising areas for the establishment of open sea aquaculture in Cyprus. A 

summary of the main areas and their description is offered in Table 1.  

 

Table 1: Description of the four candidate areas considered for further study for the 
establishment of open sea aquaculture. All considered stations are not earmarked for other 
users according to the present marine spatial plan and have no limiting factors for fish grow-
out.  

Area Advantages Disadvantages 

Governor’s Beach Sheltered location 

Infrastructure* 

Proximity to other activities (e.g. 
Vasiliko terminal) 

Larnaka (Faros) No conflict with other 
maritime users 

Proximity to airport and 
desalination station 

No available infrastructure 

Xylophagou Relatively pristine area No available infrastructure 

 

Paphos (Avdimou and 
Aphrodite Hills 

No conflict with other 
maritime users 

High-energy system** 

No available infrastructure 

*Infrastructure refers to close-by ports that could be available for operations as well as facilities for 

processing of fish-stock. 

** Historic data and initial modeling results (D10) show that the Paphos area is characterized by 

stronger winds, currents and wave action in comparison to the southeast coast of Cyprus.  

 

The Governor’s Beach area was suggested as a promising area with logistic, financial, 

and environmental advantages. The area is 15 km from the nearest urban area 

(Limassol), and there have been no known eutrophication events in the area. A new 

fish processing facility is planned to be built in the area, while nearby ports could 

support aquaculture operations. The unit can be set-up and reached easily since the 
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targeted deployment depth (80 m isobath) is relatively close to the shore (5 km). After 

deliberations with experts such as the DFMR and local aquaculture stakeholders and 

taking into consideration the combination of these advantages and the lack of any 

present disadvantage, the Governors Beach area was selected for further study 

through in-situ sample collection.  

The site was sampled on November 15th, 2021 to study the physical, chemical and 

biological aspects of the area (essential ocean variables). Specifically, a rosette was 

used to collect water samples for water quality analysis, chlorophyll-a concentration, 

and phytoplankton abundance. Van-Veen sediment grab, zooplankton and 

phytoplankton net samples were carried out to provide insight into the benthic and 

planktonic communities at the site.  A glider and CTD were launched to collect 

temperature and salinity profiles from the area, and an ROV provided video footage of 

the survey. For comparison reasons, an urban site of comparable depth was also 

sampled.  

Team members from CSCS (Rana Abualhaija, Kyriakos Mavris, Ehsan Abdi, Jerald 

Reodica, Letitia Drumare, Loizos Groutas) and UCY (George Nikolaidis) joined the 

survey. Yiannis Kyriakides, Manos Moraitis, Monica Demetriou, Vasilis Papadopoulos 

and Olia Nisiforou contributed to the design of the survey.  
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2 Cruise log  

The site survey for the OS-Aqua project was successfully completed on Monday, 

November 15th, 2021. The survey took place on board of the Dioni vessel led by 

Captain Christo Antoniou and four crew members. Several pieces of equipment were 

deployed: the glider equipped with CTD, the rosette to sample water from different 

depths also equipped  with a CTD sensor monitored by Jerald, the ROV monitored by 

Loizos and Ehsan, zooplankton and phytoplankton nets monitored by Rana and 

George and Van Veen grab monitored by Rana. The survey sampled two stations: (1) 

Governor’s Beach and (2) Limassol Urban station.  

 
Figure 1: Map of Dioni vessel track on Monday, November 15th, 2021. (Retrieved from 

marinetrafic.com) 

Table 2: Cruise Log 

   Start End  

No. 
Parameter/ 
Instrument Time Lat Lon Lat Lon Notes 

1 arrival at port 7:00      

2 get passes 7:15      

3 fixing boat failure  
7:30 - 
8:00     boat could not start 

4 
load boat 
equipment 

8:00 - 
8:50     

Equipment and 
consumables were 
loaded using the crane 

5 start 8:50     22,7°C air temperature 

6 first stop  10:34 
34°39'6
2.92 

33°16'3
6.36   

not deep enough, 
about 80m deep 
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7 
1st station, glider 
deployment 11:03 

34°66'2
2.24 

33°25'3
8.87   

101m deep - 23,5°C 
not deployed port side 
went under the boat  

8 
Zooplankton 1st 
try 11:10 

34°39'7
3.82 

33°15'1
4.88   

failure: went under the 
boat 

9 Net zooplankton 
11:16 - 
11:26 

34°39'3
5.90 

33°14'5
4.25 

34°39'3
9.97 

033°14'5
5.49 

Bottom depth: 101m 
depth -23,4°C      80m 
cable - 30° angle => 
Tow depth: 69,28m  

10 
Net 
phytoplankton 

11:28 - 
11:36 

34°41'5
2.20 

33°13'3
6.39 

34°41'4
1.02 

33°14'01
.11 

Bottom depth: 98m -
23,4°C      80m cable - 
30° angle =>  

Tow depth: 69,28m  

11 Cast 1-Rosette  
11:42 - 
11:56 

34°394
709 

33°14'4
6.84 

34°39'5
2.18 

33°14'35
.72 

Bottom depth: 91,6m 
deep - 23,4°C 90m 
cable - 30° => Tow 
depth: 77,94m                 
bottles didn't close 

12 Cast 2-Rosette 
12:20 - 
12:30 

34°40'3
4.90 

33°14'5
1.78 

34°40'0
7.44 

33°14'22
.12 

Bottom depth: 89.9m -
23,4°C       90m cable - 
30° => Tow depth 
77,94m    

water samples at: 
2,10,20,50 and,75 m 

13 
Sediment -
microfauna #1 

12:53 - 
13:03 

34°41'3
9.95 

33°13'6
9.50 

34°41'2
6.78 

33°13'58
.64 Bottom depth: 59,4m  

14 
Sediment -
microfauna #2 

13:11 - 
13:19 

34°18'9
8.32 

33°19'9
5.22 

34°41'3
8.98 

33°13'57
.40 Bottom depth: 55m  

15 
Sediment -
microfauna #3 

13:23 - 
13:33 

34°19'2
6.06 

33°20'9
6.21 

34°41'5
2.20 

33°13'54
.93 Bottom depth: 51,8m  

16 
departure for 
station 2 13:43 

34°41'5
8.30 

33°13'2
8.97    

17 Arrival station 2 15:03 
34°38'4
2.99 

33°04'0
5.37    

18 ROV 
15:12 - 
15:53 

34°03'4
3.06 

33°23'5
2.99 

34°39'1
9.62 

33°03'15
.94 

Bottom depth: 79,5m                 
one propeller wasn't 
working then depth 
control problem -got 
fixed  
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19 

Cast 3-Rosette 

 
15:15 - 
15:28 

34°32'7
7.09 

32°54'6
4.05 

34°38'5
9.27 

33°04'01
.67 

Bottom depth: 78,3m                 
failed: bottles didn't 
clip - reprogrammed 

20 Net zooplankton 
15:32 - 
15:41 

34°39'0
6.10 

33°03'6
5.91 

34°39'0
3.34 

33°03'20
.88 

Bottom depth: 71,5m      

60m cable - 0 angle => 
Tow depth: 60m  

21 Cast 4-Rosette  
15:43 - 
15:53 

34°39'1
5.11 

33°03'6
2.83 

34°39'2
3.01 

33°03'60
.02 

Bottom depth: 67,6m 
water quality samples  
at 2,10,20, and 50m 

22 
Net 
phytoplankton 

15:53 - 
16:00 

34°39'2
3.01 

33°03'6
0.02 

34°39'1
5.55 

33°03'15
94 

Bottom depth: 62,5m 
60m cable - 0 angle => 
Tow depth: 60m  

23 
End - going back 
to port 16:03      

24 

Arrival at port 
and unloading 
boat 16:30      

21 
Boat unload - 
Van loaded  17:15      

 



D17: Onsite exploration of essential variables    

02 August 2021  Public  Page 9 of 22 

3 Glider Launch  

During the OS-Aqua survey, the UCY glider SG150 was launched. Measurements 

collected by the glider include temperature, salinity, chlorophyll-a fluorescence, optical 

backscatter and current averaged over depth. Temperature and salinity are measured 

with a free-flow conductivity cell and temperature probe from SeaBird Electronics. 

Optical parameters were measured with an EcoPuck from WetLabs (now Seabird 

Electronics). The glider carried out 64 profiles over approximately 2 days. Water depth 

ranged from 50 to 250 m, and most dives reached 150 m before returning to the 

surface. 

1 Water Sampling Rosette  

A Sea Bird Electronics SBE 32 Carousel Water Sampler – the rosette – consists of 

twelve 5-liter Niskin water bottles assembled around a pylon hub assembly. Each bottle 

position has its own lanyard release controlled by a magnetic trigger. When the 

microprocessor in the Carousel pylon receives a command to fire a bottle, it activates 

the magnetic trigger to release the top & bottom caps of the bottle position specified – 

thus capturing a sample of water at a specific depth. 

 
Figure 2: Water Sampling Rosette Before Casts 

The Carousel Auto Fire Module (AFM) allows the SBE 32 Carousel Water Sampler to 

operate autonomously on non-conducting cables. The AFM includes a microprocessor, 
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solid-state memory, RS-232 interface and battery power that supply the operating 

voltage, logic and control commands to operate the Carousel. The SBE AFM is 

mounted in the CTD Extension Stand along with the SBE 19plusV2 SeaCAT Profiler 

CTD and 5M pump in a horizontal position. 

 
Figure 3: SBE 19plusV2 SeaCAT Profiler CTD (top), SBE 5M pump (middle right), & SBE AFM 

(bottom) 

The SBE 19plusV2 SeaCAT Profiler CTD is designed to measure conductivity, 

temperature and pressure. This instrument operated in profiling mode for acquiring 

vertical profiles – running continuously and sampling at 4 scans per second (4Hz). The 

externally mounted SBE 5M Pump provided a constant flow rate through the 

conductivity cell. 

After the SBE AFM was programmed and armed, the water sampler bottles were ready 

for deployment. The crane operator and deck crew guided the rosette to the side of the 

vessel and lowered the sampler with additional instruments. The AFM bottle closure 

logic was set to “Close on upcast” which requires the rosette to reach a specified depth 

and sense a particular pressure decrease to determine an upcast. For two out of the 

four castings, due to the drifting boat and changing sea depths, the rosette never 

reached the respective pre-programmed specified depths.  

In both of these cases, samples were not captured. It would be an advantage to include 

a sheave that measures the amount of rope as it pays out, to estimate the depth of the 

rosette more accurately. It is also recommended to re-zero the pressure sensor before 

the first cast (while on deck) to calibrate the pressure sensor more accurately.  
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Table 3: Description of Rosette casts (location and time of each cast is detailed in Table 2) 

Cast Station Water Samples CTD Hydrophone 1 Hydrophone 2 

1 1 none x x x 

2 1 10 x 5 liters x x x 

3 2 none x x - 

4 2 8 x 5 liters x x - 
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Figure 4: Salinity and temperature profiles from (A) the glider flight from the area of Station 1 
(Nov. 15) and (B) the rosette cast at the Governor’s beach area. However, it is clear that the 
salinity derived from the rosette CTD is too low for this region, and calibration must be carried 
out.  
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Figure 7: SBE AFM with SBE 19plusV2 Configuration of Successful Cast #2 

 

 
Figure 8: SBE AFM with SBE 19plusV2 Configuration of Successful Cast #4 
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3.1 Water Samples  

Seawater for biogeochemical analyses was collected with a 5 liter Niskin bottle at 

standard depths (surface, 2, 10, 20, 50, 75 m), according to the bathymetry of each 

station. Water samples for the determination of dissolved inorganic nutrient 

concentration (NO2-, NO3-, NH4-, PO4-) were collected with the Niskin bottle at 

standard depths, in 100 ml polyethylene bottles, prewashed with HCl. The samples 

were deep frozen (-20 oC). All samples will be analysed at the Department of Fisheries 

and Marine Research (DFMR), using an OI Analytical Flow Solution IV+ autoanalyzer 

(OI Analytical 2001).  

The determination of total Chl-a (Tchl-a) will be carried out fluorometrically, at the 

DFMR. Two liters of water collected from the Niskin bottles at each depth were filtered 

through Whatman GF/F filters (25 mm), under low vacuum pressure (<150 mmHg), 

and the filters were immediately frozen in liquid nitrogen and stored at -80 ℃ until 

analysis. Further, 250 ml of seawater from each depth were collected in amber bottles 

with Lugol’s solution for quantitative analysis of phytoplankton.  

 

Table 4: Water samples and analyses planned 

Station Depth Parameter Volume Analysis 

Station 1 – 
Governor’s 
Beach 

2m Water Quality 4 x 1L bottles  FoodLab 

Nutrients 150 ml DFMR 

Tchla 3 L UCY/DFMR 

Station 1 – 
Governor’s 
Beach 

10m Water Quality 4 x 1L bottles FoodLab 

Nutrients 150 ml DFMR 

Tchla 3L UCY/DFMR 

Station 1 – 
Governor’s 
Beach 

20m Water Quality 4 x 1L bottles FoodLab 

Nutrients 150 ml DFMR 

Tchla 3L UCY/DFMR 

Station 1 – 
Governor’s 
Beach 

50m Water Quality 4 x 1L bottles FoodLab 

Nutrients 150 ml DFMR 

Tchla 3L UCY/DFMR 

Phytoplankton 300 ml UCY 
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Station 1 – 
Governor’s 
Beach 

75m Water Quality 4 x 1L bottles FoodLab 

Nutrients 150 ml DFMR 

Tchla 3L UCY/DFMR 

Phytoplankton 300 ml UCY 

Station 2 – 
Urban 
Limassol  

10m Water Quality 4 x 1L bottles FoodLab 

Nutrients 150 ml DFMR 

Tchla 3L UCY/DFMR 

Station 2 – 
Urban 
Limassol 

20m Water Quality 4 x 1L bottles FoodLab 

Nutrients 150 ml DFMR 

Tchla 3L UCY/DFMR 

Station 2 – 
Urban 
Limassol 

50m Water Quality 4 x 1L bottles FoodLab 

Nutrients 150 ml DFMR 

Tchla 3L UCY/DFMR 

Phytoplankton 300 ml UCY 
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4 Macrofauna sampling  

A Van Veen grab was used to collect sediment for the analysis of macrofauna from 

Station 1. Three samples were retrieved from depths between 52 and 59m and 

collected in 10l buckets. Samples were later sieved using a 1 mm sieve to remove all 

the unnecessary mud and silt from the sample and significantly reduce the overall 

volume. The samples were fixed and preserved in 70% ethanol.  

Next, the samples will be analysed in the lab. In the lab, the samples will be stained 

using the organic coloring substance Rose Bengal to facilitate the sorting and the 

identification of the specimens to species level where possible.  

 

Table 5: Macrofauna sampling and sample information (further details regarding sampling can 
be found in Table 2). 

Sampling Depth Sample description 

Sediment -
microfauna #1 59,4m  

Silt, Dark Grayish Brown (Munsell Soil Color: 10YR 4/2), no visible 
presence of macrofauna, homogeneous sample 

Sediment -
microfauna #2 55m  

Silt, Dark Grayish Brown (Munsell Soil Color: 10YR 4/2), no visible 
presence of macrofauna, some Posidonia leaves 

Sediment-
microfauna #3 51,8m 

Silty Clay, Dark Greenish Gray (Munsell Soil Color: 7.5GY 4/1), 
odorous sample, top appears light greenish grey.   

 

 
Figure 5: Grab samples for the analysis of the macrofauna community at the Governors Beach 

site. 
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5 Plankton  

5.1 Phytoplankton 

Phytoplankton samples were collected from the water column with a vertical net haul 

(mesh size 36 microns) and preserved in buffered formalin, for qualitative analysis. 

Sampling took place at both stations, unfortunately, the sample for station 2 (Urban 

Limassol) was not representative because the net reached the bottom of the sea and 

was contaminated with sediment. The sample from station 1 (Governor’s Beach) is 

very promising and will be examined under the microscope. 

 

5.2 Zooplankton 

One zooplankton sample was collected from each station. A WP2 conical net fixed with 

a 200um mesh and 60cm radius was used to collect samples. At the first station, the 

vessel stopped with the port side perpendicular to the coast. The crew prepared the 

equipment and cast the net over the port side. Strong currents dragged the net bellow 

the vessel. The net was retrieved, and all following net casts and other equipment were 

operated from the starboard side.  

 

Table 6: Description of Zooplankton samples 

Station 
Bottom 
depth 

Tow 
depth Description  

Station 1 98m 69m 
Abundant sample; copepods and decapods visible in the 
sample 

Station 2 71.5 60m 

Sample is visibly less abundant than Station 1 sample; 
dominated by gelatinous specimens; plastic particles in the 
sample 
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Figure 6: Zooplankton samples 
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6 ROV launch 

The BlueRobotics Inc, USA, BlueROV2 is a high-performance ROV and the most 

affordable in its range. With powerful thrusters, cameras and lights it can collect video 

footage from the ocean depth. It is a highly expandable and versatile tool.  

The CSCS team engineered an easy to use, sturdy console for ROV sea operation. 

The console incorporated the open-source code (QGroundControl) as suggested by 

BlueRobotics additional algorithms created for portable and user-friendly operation, 

communication of the ROV with the console, collection and storage of data. The 

console includes an easy-to-use joystick, screen and switches. The screen can be 

used to launch the ROV and to view ROV footage in real time and lends itself to intuitive 

navigation.  

The ROV was deployed for the first time using this configuration during the OS-Aqua 

expedition. The ROV was launched at Station 2, where the depth was about 80m 

during a net and rosette cast. The ROV was put in the water and navigated away from 

the vessel. A problem with one of the propellers was detected and fixed during launch. 

The ROV dived, recording the rosette cast to the bottom of the sea and part of the net 

cast. Video recording will be used for dissemination purposes and to describe the 

benthos since no sediment sample was collected from the site.  

The launch brought attention to technical difficulties and problems in operation (e.g. 

the depth sensor malfunctioned) which will be revised and corrected before the next 

engineering and product improvement cycle.  

 
Figure 7: (A) Bespoke ROV console with a joystick, screen and essential switches built into a 

hard case. (B) Zooplankton net cast. (C) Rosette cast and (D) the rosette at depth (Images: Loizos 
Groutes) 
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Vessel crew, who are regularly contracted for the inspection and maintenance of 

vessels and aquaculture installations, have expressed their interest in the CSCS ROV 

and console. The tools they use to date are expensive, require time and effort to master 

their operation. Such ROVs often require the purchase of a laptop which increases the 

cost.  
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7 Conclusions and future work 

The samples and data will be analysed by CSCS, UCY, UNRF, DFMR and CMMI. 

Zooplankton samples will be analysed for zooplankton abundance, diversity, and 

presence of plastic particles. Phytoplankton water samples will be used to collect cell 

counts and net samples will provide information regarding the composition of the 

phytoplankton community. Water samples will be analysed for a number of indices 

such as nutrients, chlorophyll-a and pollutants. These data can be compared with the 

glider fluorometer data to allow quantitative chlorophyll-a estimates to be made for the 

2 days of glider observations as well. Besides reference data for future environmental 

monitoring, the survey will provide insight for methodology to be used in the future, 

using both classical and autonomous approaches. Finally, these data will be useful for 

ground truth of remote sensing algorithms in WP6 (Task 6.3).  


