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Section 2 - Glossary 
Some of the phrases and terms used in this report are in Table 1. 

Table 1. Glossary of Terms 

Banjo filters Because of their shape, this name is given to double-sided mesh filters placed 

over the outflows of mussel larval culture tanks to retain the larvae within the 

tank and prevent them from being washed away during flow-through 

cultivation. 

Broodstock Mature male and female mussels used to generate spawn are called broodstock 

mussels. They may be transferred temporarily into the hatchery for spawning 

induction or else be maintained permanently within the hatchery. 

Conditioning Providing broodstock with algal diets to further their development towards 

spawning 

Depuration Holding of shellfish in disinfected water (UV-treated) to allow them to purge 

bacteria. 

Disinfection Where an attempt is made to improve hygiene by removing potentially 

problematic microorganisms. 

D-larvae After a bivalve trochophore larva has metamorphosed into an early veliger larva 

with a shell folded into two valves, it is often called a D-larva because of its 

shape. At 14oC seawater temperature, mussel D-larvae appear around 48h after 

egg fertilisation. 

dpf Days post fertilisation 

Embryo An embryo develops from a fertilised egg, then goes on to develop into a larva. 

Fecundity Fecundity refers to the rate of gamete or offspring production. 

FHI Fish Health Inspectorate of Marine Scotland (Scottish Government Inspectors) 

FW Fresh water 

Gametes Eggs and/or sperm 

Grading Screens Mesh screen material glued to plastic supporting structure to produce a fine-

meshed sieve that can be used to grade larvae 

HAB Harmful algal bloom 

IC Intensive culture tank for larvae aged 3 dpf to pediveliger stage 

LRT Larval rearing tank (large, outdoor, static tank for first 48h of culture) 
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Metamorphosis or 

to metamorphose 

Relatively sudden change when one life-stage develops into the next life-stage 

– e.g., trochophores metamorphose to D-larvae. 

Mytilus edulis Blue mussel 

Pathogen A disease-causing microorganism 

Pediveliger Pediveligers are late-stage veliger larvae able to crawl using their foot and seek 

out suitable substrates or surfaces for their metamorphosis into spat. 

Phytoplankton Plankton autotrophs that grow by capturing light and turning that to chemical 

energy through photosynthesis.  ‘algae’ 

SAIC Scottish Aquaculture Innovation Centre 

SAMS Scottish Association of Marine Science UHI, Oban 

Screens Screens are sieves consisting of very fine meshes. Different sizes of meshed 

screens can be stacked in succession to allow the collection and size-grading of 

mussel larvae during cultivation. 

Seed An alternative name for spat. 

Settlement Settlement refers to the metamorphosis of final-stage mussel larvae (or 

pediveligers) into spat attached to substrate. 

Spat Spat are juvenile mussels that have metamorphosed from the pediveliger stage 

and have settled onto a substrate, such as ‘seed’ rope. 

Spawning Spawning occurs when mature mussel broodstock release their gametes into 

the surrounding seawater so that the females’ eggs can be fertilised by the 

males’ sperm. 

Spool Tanks Indoor, strongly aerated pediveliger/spat culture tanks, each large enough to 

accommodate a spool of spat settlement rope. 

SSMG Scottish Shellfish Marketing Group 

SSP Stepping Stone Project 

Sterilisation Sterilisation of culture media and equipment requires all micro-organisms 

present to be killed. 

Supersaturation When referring to dissolved gasses in liquids, this is when concentration of gas 

exceeds equilibrium solubility, more commonly observed when water has been 

pressurised or heated.  Can lead to gas bubble disease. 

SW Sea water 

Trochophore Mussel larval development stage before metamorphosis into a D-larva 

Vibrio Water borne bacterial species with some pathogenic species 
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Section 3 - Executive summary 
 

The Scottish Shellfish Hatchery Stepping Stone Project was an exciting demonstration project that 

explored hatchery production of the common mussel, Mytilus edulis at pilot-scale in a Scottish 

context.   

In the years preceding the project, and up to the present, many shellfish producers report variable 

success rates for their on-farm collection of wild mussel spat (juveniles).  With the collection of wild 

spat being the predominant source, uncertainties around this critical industry input led to shellfish 

producers looking globally for alternative solutions for the provision of spat.   

Confidences around the potential for hatchery-reared spat were heightened after reports of 

commercial scale successes in the rearing and on growing of hatchery produced mussels in New 

Zealand (Spat NZ) and during a technical visit to Spring Bay Seafoods Ltd., Tasmania.  This led to 

development of the Scottish Shellfish Hatchery Stepping Stone Project where commercial protocols 

used in the production of a related blue mussel (Mytilus galloprovincialis) were tested for M. edulis. 

The Project was delivered in two phases.  ‘Phase 1 – Equipping and Enabling’ delivered facilities and 

modifications to existing research hatchery facilities at the NAFC Marine Centre, Shetland and was 

funded primarily by Highlands and Islands Enterprise.  ‘Phase 2 – Pilot Hatchery Testing’ was funded 

primarily by the European Maritime and Fisheries Fund, and this phase covered two larval 

productions seasons with the associated production of larval diets.  The Project also enabled three 

associated research projects ‘SAIChatch’ (Scottish Association for Marine Science UHI, Institute of 

Aquaculture (University of Stirling) and NAFC Marine Centre UHI), ‘Development of genetic tools for 

successful management of mussel hatchery broodstock’ (Xelect Ltd. and NAFC Marine Centre) and 

‘Mussel larvae and their algal diets’ (NAFC Marine Centre). 

To fast-track developments, the commercial protocols followed were made available through a 

knowledge exchange agreement with Spring Bay Seafoods Ltd., who provided technical advice and 

on-site training. 

Incremental improvements to larval rearing successes were made through the two production 

seasons covered by the project although survival through to settlement (spatting) was not 

satisfactorily achieved at a commercially relevant level.  This prevented the undertaking of planned 

trials with settlement and the transfer of spat to nursery for onwards monitoring of growth 

potential.  Efforts instead had to be focused on improving spawning and early larval rearing. 

Broodstock were sourced from commercial mussel production sites.  Spawning differed markedly in 

each of the two seasons.  As was presumed, 2017 demonstrated a bimodal pattern of late spring and 

(smaller) autumnal spawning, however, the start of spawning in 2018 was considerably delayed and 

there was no autumnal spawning.  This devastated the 2018 hatchery production strategy. 

Furthermore, high levels of deformities were observed in trochophore and early D-larvae stages.  

The reason for these deformities needs further future research but it was thought to be a result of 

an inhibitor that had stopped or distorted larval development.  Inhibitors may come from several 

sources such as the broodstock, the aquatic environment, hatchery plant, the culture environment, 

and cultivation equipment.   
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Patterns of larval deformities suggested they were likely related to broodstock source, as batches 

from different growing areas produced very different recoveries in the same hatchery facilities, 

reared at the same time with similar environmental conditions.  Natural algal biotoxins prevalent in 

the broodstock growing areas may have impacted deformity levels. 

Future work would benefit from determining the cause of deformities and to grasp control of 
broodstock quality through conditioning and depuration.  It was possible that colder seawater 
temperatures and/or availability of phytoplankton may have affected the natural conditioning of the 
farm-reared broodstock.  However, the marked differences in broodstock spawning patterns 
between the two seasons highlighted the importance of including broodstock conditioning in future 
hatchery endeavours.  It would be expected that improved broodstock condition would also lead to 
better quality and more vigorous larvae as indicated in the preliminary trials conducted. 

It was also apparent that the broodstock harboured potentially pathogenic Vibrio sp. bacteria.  
Despite extensive efforts, it was not possible to eradicate these infections and the Vibrio had 
significant impacts on larval survival.  The holding of broodstock in UV disinfected water 
(depuration) for future hatchery activities is believed to improve biosecurity and hatchery hygiene 
although it does have risks of spawning being triggered in the captive (tank) situation. 

These observations of varied broodstock quality, temporal differences in seasonal spawning periods 
egg and larval deformities and microbial challenges may also relate to wider biological issues that 
are impacting the success of collection of wild spat on-farm. 

The production of microalgae went through considerable refinement through the project.  The main 
dietary constituent, the diatom Chaetoceros calcitrans, performed poorly and wide-ranging efforts 
to improve densities and quality were not successful.  Future hatchery projects would benefit from 
exploring alternative sources of C. calcitrans stock culture (not done in this project due to Project 
Board concerns over importing algae) or replacing the species with an alternative diatom of similar 
nutritional status.  Flagellate production was satisfactory, but the SeaCAPS system consistently 
underperformed, and its setup and operation need further refinements. 

By financial modelling of a commercial mussel hatchery scaled to produce spat for 1000t of 

harvestable sized mussels, which was described as an acceptable scale for the industry, the viability 

of such an operation as a stand-alone business appeared doubtful.  Costs associated with the seed 

production were modelled at £2.10/m and sales at £4.88/m of final grower rope-grown mussels.  To 

utilise hatchery-reared seed it was most likely that the hatchery would need to be vertically 

integrated with an ongrowing part of a shellfish business, and the hatchery would be used primarily 

to improve overall business efficiency by reducing or eliminating incidences of poor wild spatfall but 

supplementing this process rather than replacing all wild-caught seed.  With staffing being the 

largest cost, integration would provide opportunities for sharing of staff that could cover managerial 

and admin duties, specialisms (e.g., engineering), and redeployment of staff out with the production 

season. 
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Efficiencies required to make the hatchery model more cost effective would be consistent and 

improved survival rates and optimising rearing protocols and minimising wastes.  It would also 

thought beneficial for the hatchery to focus on higher value products and stock improvements such 

as: 

- Triploidy (sterile stocks) 
- Improved (higher) growth rates 
- Distinguishable appearance (striated or other patterned) 

If hatchery design and permissions allowed, it might be possible to diversify production to include 

other shellfish (or aquaculture) production or other plankton production systems to supplement 

productivity and income.  This could include higher revenue products such as oyster or scallop spat. 

Shetland would still be the obvious location for a hatchery in Scotland due to the scale of the 
industry in the Islands.  The Scottish Shellfish Marketing Group would be the obvious partner and 
developments would benefit from links with other commercial shellfish hatchery producers (e.g., 
Spring Bay Seafoods, Seasalter shellfish, Guernsey Seafarms, and other international groups). 

It was very disappointing that larval production did not meet expectations; however, much was 
learned and, with further improvements to larval survival likely to be achieved through continued 
refinement, hatchery production of mussel spat should be considered for future development.  Not 
only would it provide an alternative to on-farm collection it would also provide opportunities for 
stock enhancement and production efficiencies. 

Choosing to invest in a hatchery model is a risk but, where successful, it would help maintain 
biosecurity, reduce potential movement of undesirable stocks (e.g., M. trossulus) and could yield 
important improvements via selective breeding – which may become increasingly commercially 
important as it could improve productivity, resilience, resistance to disease, and tolerance to climate 
change and ocean acidification.   
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Section 4 - Mussel sector overview 

4.1 Global overview 
Between 2009 and 2018, global mussel production increased by 8% to around 2,113,000 tonnes 

(source FAO).  The top producing nations are China, Chile, Spain, Thailand and New Zealand and 

account for around three quarters of global output.  The blue mussel species of Mytilus edulis and 

Mytilus galloprovincialis represent 27% of this production.  UK production is relatively small and 

contributes less than 1.5% of world output.  

The value of mussels varies considerably by species and whether the product is sold fresh or frozen. 

 

4.2 Mussel production in Scotland 
In 2017, Scotland produced 8232 tonnes of mussels (Figure 1) with a value of £10.1m and 81% of 

Scottish production taking place in Shetland (Munro L., Scottish Shellfish Farm Production Survey, 

2017).   

 

Figure 1.  Production of mussels in Scotland (figure reproduced from Scottish Shellfish Farm Production Survey, 2017) 

There is currently some lost production opportunity as there is capacity within existing consented 

production areas to dramatically increase production tonnages.  In fact, the sector has set their own 

target to reach 20,000 tonnes by 2030.  However, production fluctuates from year to year (Figure 1) 

and farmers report some slowing down of growth as they continue to wrestle with various external 

factors. 

 

  

https://www.gov.scot/publications/scottish-shellfish-farm-production-survey-2017-9781788518703/pages/1/
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Section 5 - Project setup 

5.1 Background 
Most Scottish mussel farms have experienced variable success in collecting spat (juvenile mussels) 

onto their farms.  The spat come from wild, planktonic sources and their settlement fluctuates 

naturally from year to year, and from location to location.  Such variations in spatfall are probably 

caused by several impacting factors from the natural environment.  However, there have been 

situations and many years where farms have failed to collect any wild spat using this method, which 

can have a devastating impact on the businesses affected.  Natural spatfall represents a high risk for 

the sector.   

The cost of collecting wild seed is also considerable in terms of equipment, labour costs, time, and 
effort.  When spat collection yields poor results, downstream processing capacity, sales channels 
and market opportunities are impacted negatively.  To remedy this, affected farms are often forced 
to increase their spat collecting effort, deploying more collection equipment and resources, and 
therefore, further increase the costs associated with this activity. 
 
Hatchery production of juvenile bivalves can be found in areas where there are issues with natural 

wild spatfall and/or in regions that want to produce non-native species.  Commercial-scale mussel 

hatcheries are not common because wild spat is often available and because some companies are 

wary about integrating a hatchery production business with their existing activities. 

Many of the techniques used by bivalve hatcheries were originally developed in the UK for oyster 

production.  Over many years these techniques have been developed and has led to some recent 

increases in interest in mussel hatcheries, with activities in New Zealand and Australia (and USA). 

New Zealand is one of the most efficient mussel producing countries, with annual production of 

approximately 100,000 tonnes at a sector revenue of NZ$348m (2018)1.  It is therefore significant 

that New Zealand is investing in the construction of a mussel hatchery for the greenshell mussel - 

SpatNZ (a venture involving Sanford Ltd. and the New Zealand Ministry for Primary Industries).  

SpatNZ is designed to supply approximately 30 % of the country's spat for production.  This 

alternative solution will transfer some of their dependence away from collection of wild seed. 

Spring Bay Seafoods Ltd. is possibly the largest commercialised mussel hatchery for blue mussels in 

the world and they operate from Triabunna, Tasmania.  Spring Bay Seafoods Ltd. produce Mytilus 

galloprovincialis for on-growing to harvest on their own sea sites and they supply their farms 

exclusively with their own hatchery-reared spat (i.e., not reliant on wild-spatfall). 

Elsewhere, there are several small-scale mussel hatcheries supplying farms on the Pacific west-coast 

of the US, and some potential interest in Prince Edward Island, Denmark, and The Netherlands. 

  

 
1 New Zealand Aquaculture 2018 

http://www.spatnz.co.nz/
http://www.springbayseafoods.com.au/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjT4vGiop3sAhU2QRUIHfQyDFoQFjACegQIAhAC&url=https%3A%2F%2Fwww.aquaculture.org.nz%2Fwp-content%2Fuploads%2F2018%2F08%2FNew-Zealand-Aquaculture-facts-2018.pdf&usg=AOvVaw0EATobXKyShNOS-pAqQQoY
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The potential benefits of hatchery production of spat are: 

1. Increased certainty or reliability of the supply of juveniles for on growing to harvest. 
2. Supplementing poor or failed wild spatfall and saving on poor or wasted spat collection 

effort. 
3. Potential of altering the growth calendar to assist in production specifications (i.e., 

producing different sizes at different times). 
4. Potential of selective breeding for desirable traits. 
5. Potential of producing sterile (triploid (3n)) stock. 

 
The innovative concept that was tested in the Scottish Shellfish Hatchery Stepping Stone Project was 

the transfer of technology from the Spring Bay Seafoods Ltd. M. galloprovincialis hatchery to a M. 

edulis pilot-scale hatchery in Shetland.  Since the original model was fully commercial, the 

Technology Readiness Level was considered high (TRL 62) with a good chance of success.  However, 

several associated risks remained, including the limited project duration (two seasons); using a 

different mussel species with different natural requirements; operating in a very different 

geographical location and working within non-commercial project constraints that included financial, 

staffing, administration, and governance. 

 

5.2 Introduction 
The Scottish Shellfish Hatchery - Stepping Stone project ran from 2015 - 2018 was gratefully funded 

by the following: 

 

 

 

 

 

 

 

 
 

The project was a demonstration project and was delivered over two phases: 

• Phase 1 - Equipping and Enabling 

• Phase 2 – Pilot Hatchery Testing 

 

 
2 Technology demonstrated in relevant environment (industrially relevant environment in the case of key enabling 
technologies). 
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Phase 2 was split between five work packages as shown in Figure 5 with most of the larval rearing 

taking place at the Marine Hatchery facilities at NAFC Marine Centre, Shetland. 

 

 

Figure 5. Work Packages of the Scottish Shellfish Hatchery Stepping Stone Project 

 

5.3 Project Aim 
The aim of the Scottish Shellfish Hatchery Stepping Stone Project was to test the feasibility of 

applying technologies used in the commercial production of M. galloprovincialis together with 

publicly reported techniques for producing juvenile M. edulis, with the expectation this would help 

establish one or more shellfish hatcheries in Scotland. 

 

5.4 Spring Bay Seafoods Ltd. 
Spring Bay Seafoods Ltd. (SBS) provided consultancy during the Stepping Stone Project design, setup, 

and delivery.  This included two Knowledge Exchange visits to the Stepping Stone project by Mr. 

Bryce Daly, SBS Hatchery Manager, of a duration of three weeks in 2017 and two weeks in 2018.  

Following each of these visits, a development plan was established in discussion with Bryce and 

actioned by the project team. 

 

5.5 History of past hatchery efforts 
To the best of our knowledge, no commercial hatchery to produce spat from M. edulis has been 

developed within the UK to date.  However, several laboratory scale blue mussel culture 

investigations have been performed in the past and a few pilot scale bivalve hatcheries have been 

trialled.  Examples are given in Table 2.  
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Table 2.  Examples of Previous Laboratory/Pilot Scale Investigations into Blue Mussel Spat Production. 

Saravanan, 2007 Mussel spatted rope project AIMS: to compare survival and growth of M. 

edulis larvae fed different feeds.  Develop 

larvae into spat and test biofilm build up on 

different ropes. 

Galley et al., 2010 Optimisation of Mytilus 

edulis larval culture. 

AIM: to optimise spawning and larval rearing 

(embryo densities, veliger rearing 

temperatures, comparing mussel larvae fed 

different single + mixed species algal feeds) 

Jahangard et al., 

2010 

 

Queenscliff pilot hatchery for 

M. galloprovincialis. 

AIM: to establish the reliable and cost-

effective production of seed for the Victorian 

mussel industry. 

 

5.6 Development period 
Commercializing any aquaculture activity in a new region or with new species or technology usually 

takes time.  It was unfortunate that the maximum funding available for the Stepping Stone Project 

was sufficient to fund just two years of activity at the pilot scale.  A likely commercial commitment to 

five, or possibly eight years would be a realistic expectation for developing and optimizing 

techniques and technologies fully. 

 

Section 6 - Staffing 

6.1 Project staffing 
The project was successful in recruiting two qualified and able staff members: Project Officer and 

Project Associate Dr Danny Cowing and Project Technician Dr Raquel Quintã, both had relevant 

research experience (Figure 2). 

 

Figure 2.  Project Staff: Dr Danny Cowing, Project Officer (left) Dr Raquel Quintã, Project Technician (right) 

The two summer studentship placements were filled with high-calibre undergraduate students.  In 

2017, studentships were Mr Mark Jones, Mr Stephen Leask, and Ms Louise Thomason.  In 2018, 

studentships were Ms Hannah Bloomer and Ms Agata Delnicka (Figure 3).   
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The project was supported by Blažka Satler (Figure 4), who worked under SAIChatch. 

 

 

Figure 3. Summer Studentships from left, Mark Jones, Stephen Leask, Agata Delnicka.  Photos were unavailable for Louise 
Thomason and Hannah Bloomer. 

Project management was provided by Mr Gregg Arthur, and aquaculture expertise and assistance 

from Dr Lesley McEvoy.  All NAFC Marine Centre (Figure 4). 

 

 

Figure 4.  Project Team.  Back Row Raquel Quintã, Danny Cowing, Mark Jones, Gregg Arthur, Lesley McEvoy, Tariq 
Mohammed; Front row, Stephen Leask, Blažka Satler. 

After Danny’s resignation in 2018, Mr John McEvoy (Figure 5) fulfilled the Project Aquarist role 

during the latter part of the 2018 production season.   

The project also benefitted from engineering input from Mr Tariq Mohammed.   
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Figure 5.  Tariq Mohammed and John McEvoy 
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6.2 Staffing a commercial hatchery 
A commercial hatchery would benefit from having a dedicated manager and core staff that 

understand biological systems and ideally have had commercial marine hatchery aquaculture 

experience.  Problem solving, keen observation skills, ability to monitor and adapt and a flexible 

attitude to work patterns and out-of-hours working would be essential attributes. 

A minimum of four permanent hatchery staff with in-depth knowledge across all sections of the 

hatchery would be required to operate a commercial hatchery with a medium output of around 

1000 tonnes of final harvestable product.   

Access to separate management, finance and onsite engineering support would also be essential.  

Ideally, an on-site engineer would be available full time and could provide a wide range of 

mechanical, electrical, and fitting input.  Useful skillsets would also include an understanding or 

aptitude for electronics and engineering design calculations (such as confidence in stipulating 

equipment specifications and designing and calculating predicted head loss for new pipework 

designs). 

A staffing model where some staff (particularly the technicians) could be deployed elsewhere during 

out-of-season might be desirable. 

Table 3.  Indicative staffing levels for a commercial mussel hatchery 

Position FTE 

Hatchery Manager 1 

Admin Support (Finance, HR, etc) 0.8 

Algae Section Senior 1 

Broodstock and Larvae Section Senior 1 

Hatchery Technician 2.5 

Engineering Support 0.5 

Total 6.8 

 

Du ring production, sufficient staffing is required 7-day per week.  Some hatcheries operate on an 

extended work week (e.g.,14 day on 4 day off), others prefer a staggered weekend (Fri-Sat or Sun-

Mon).  The Stepping Stone Project operated the staggered weekend model and, although it meant 

there were only 3 days per week were the hatchery was staffed fully, the staff reported a benefit of 

the regular weekend break. 
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Section 7 - Setup and delivery of the Stepping Stone Project 
 

7.1 University of the Highlands and Islands and NAFC Marine Centre 
The obligant for this project was the University of the Highlands and Islands (UHI) and delivery was 

through the NAFC Marine Centre, a UHI Academic Partner.   

7.1.1 UHI support team 
A team of around five staff at UHI Executive Office were made available to the project (laterally) with 

regular meetings to improve administration and financial processes. 

7.2 Project Board 
The Stepping Stone Project was supported by an active, interested, and helpful Board (named 

individuals and connectivity to delivery and related projects are in Figure 6).  Considerable effort was 

made by each Board member to help with applications and to contribute to meetings actively and 

constructively. 

The Board had representation from: 

• Shellfish Industry - Scottish Shellfish Marketing Group and Cribbasound Shellfish Ltd. 

• The University of the Highlands and Islands 

• Highlands and Islands Enterprise 

• Scottish Aquaculture Innovation Centre (SAIC).  There were some changes to the SAIC 

representatives on the Project Board during the project – Dr James Deverell was succeeded 

by Dr Jason Cleaver-Smith, who was latterly succeeded by Dr Robin Shields. 

The original plan to supplement meetings with a subsidiary Project Management Group was not 

required as the Board met more frequently than originally intended due to the issues around project 

setup and high-level delivery. 
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Figure 6.  Organogram for Scottish Shellfish Hatchery Stepping Stone Project
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Section 8 - Setting up a marine hatchery for cultivation of shellfish 
Individuals or groups that intend to commercialize a land-based aquaculture facility may be 

surprised by the effort and length of time required to design, negotiate, build, and commission 

bespoke facilities.  Some assistance from a consultant can be helpful, however, careful consideration 

of their credentials and visits to inspect their past work are advised strongly. 

Information gathering before any designs for a shellfish hatchery are initiated is crucial and relevant 

guides, published literature and discussions with existing providers should all be consulted fully and 

appraised at the outset.  At an early stage, operators should also consult with local planners and 

licencing officials to identify any likely barriers.   

This Section has also been written from a Scottish perspective. 

8.1 Project Team 
Assemble a dedicated Project Team: Each area of the hatchery needs to be designed carefully so it 

is practical, functional, and works efficiently.  The Project Team will require engineer’s and aquarist’s 

skillsets for the biological needs of the stocks to be properly interpreted and are matched to the 

facility’s design. 

Consideration should be given to engaging with an experienced civil engineering or consultancy firm 

that can advise on civil works and could work as an agent in matters such as planning.  If expertise 

does not exist in the Project Team, it might be beneficial to engage suitably experienced consultants 

or those involved previously in designing and operating onshore aquaculture facilities to assist with 

the hatchery design and specification of equipment and engineering systems. 

8.2 Production site 
Site selection: Planning authorities may require a preferred site to be in a zone designated for 

permitted (industrial) development. 

The site should be close to the sea, low lying (near to sea level without risk of flooding (discuss with 

SEPA), have a relatively flat topography, ideally with some natural shelter and land availability that 

provides options or capacity for expansion.   

The sites need access to quality services including electrical power (adequate supply, quality, 

consistency, three-phase, etc.), mains freshwater, and appropriate sewage services.   

The site must have adequate vehicular access (including for HGV) and sufficient area for parking, 

turning, laydown and outside storage. 

Sites that would be near a potential pollution or biosecurity risk should be avoided consideration 

also to be given to the transport time/distance to the likely on-growing sites.  

Site security, rites of access and appraisal of likely developments in the area must also be 

considered. 

Seawater quality: The adjacent seawater supply should be of a high grade.  For example, the waters 

around Shetland are virtually oceanic in quality with high salinity, clarity, and cleanliness. 

Incoming seawater should be filtered (to at least 1μm).  The options for mechanical filtration are 

numerous but would typically involve a primary (and possibly a secondary) mechanical filtration step 
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to achieve 10-15 µm nominal filtration.  The seawater would then be filtered further through a series 

of additional filtration steps – e.g., cartridge or bag filters at increasing levels of filtration that 

achieve a 1 µm absolute filtration level (10μm, 5μm then 1μm). 

Many hatcheries would disinfect the 1µm filtered seawater by using an in-line UV filter, although 

some shellfish hatcheries have concerns over potential presence of oxidised by-products of the UV 

disinfection. 

Temperature control: This is a critical input. It is important to be able to control air and seawater 

temperatures within the hatchery to provide optimum growing conditions and reduce thermal 

stresses.  Air and seawater temperatures should be monitored and recorded, ideally logged 

automatically. 

Smaller volumes of water (e.g., algal flasks) could be maintained on a steady temperature by use of 

an (illuminated) incubator, however, larger areas or volumes of water may require boilers or heat 

pumps.  The efficiency of temperature control can be assisted with air conditioning units and room 

insulation. 

At the Stepping Stone pilot hatchery, ambient temperature (unheated) seawater was available in 

most production areas as well as a supply of heated seawater.  Seawater was heated using electric 

water heaters either by direct immersion or through a titanium heat exchanger (an inline heated 

freshwater process circuit was pumped through the plate exchanger with a variable actuated valve 

to control delivery).   

Initial discussions with HVAC engineers for the setup at the Marine Hatchery for Stepping Stone 

recommended that heat recovery was not a cost-effective option for the required ΔT and flow rates 

of the project, although this would be highly likely a requirement for a commercial hatchery setting, 

with the associated considerations of design for waste water collection (e.g., to an effluent sump), 

pumping and siting of plate exchangers to recover heat to influent waters. 

Environmental factors: With energy being a significant cost, consideration to renewable and/or low-

cost energy sources should be given.  This could include heat pumps (marine and/or ground-source 

heating), geothermal heating, waste heat from industry (provided there is consistency in the 

energy/heat and no issues with contaminants), photo-voltaic, wind, marine renewable, biomass, etc. 

Biosecurity: Thorough consideration must be given to the site and the procedures documented and 

implemented to uphold stringent biosecurity throughout the hatchery.  Such measures often include 

restrictions on vehicular and personnel movements, visitors, footbaths, zone-specific clothing with 

separate changing areas, wash stations, positive pressure atmospheres (filtered air), physical 

separation of activities, separating personnel to zones, providing separate access doors and 

washroom facilities, etc.  Biosecurity measures need to be reviewed regularly. 

8.3 Site purchase, planning and licences 
Discussions with relevant authorities and advice on legal constraints should be sought early in the 

process as timescales can be lengthy and can often be underestimated. 

It is mandatory that the necessary permissions and licences for compliance with local and national 

planning regulations are applied for and granted before any development or construction begins.  

Planning authorities first need to seek written advice from other key stakeholders and regulators 
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(for example, the Scottish Environment Protection Agency, Marine Scotland, Nature Scot, Historic 

Scotland, etc.) and public notices must also be advertised for a sufficient length of time to allow 

other commercial stakeholders and members of the public to engage with the planning process.   

If a planning permission is refused, the would-be developer can appeal or to amend their plans and 

restart the application process. 

If the intended site needs to be purchased this process can similarly take considerable time to 

finalise. 

Aquaculture Production Business: Before any shellfish (or finfish) cultivation business can begin 

operations, it must be authorised as an aquaculture production business (APB) by Marine Scotland. 

To retain this APB authorisation, the company must comply with the following conditions set by 

Marine Scotland: 

• provide and maintain business details for inclusion on a publicly available register of marine 

farms 

• keep shellfish movement and mortality records, including details of mortalities during 

transport and the movement of dead shellfish 

• take part in a risk-based surveillance scheme 

• use acceptable good hygiene practice 

• notify the Fish Health Inspectorate (FHI) of any breach or suspected breach in containment 

• provide access to Fish Health Inspectors for inspection of the site and sampling of its stock. 

Application forms and guidelines for this authorisation can be downloaded from: 

https://www2.gov.scot/Topics/marine/Fish-Shellfish/18716/auth . 

CAR licence: Hatcheries discharging effluent to sea are required to apply for a Controlled Activities 

Regulations (CAR) licence, which can be withdrawn for failure to meet water control standards. 

These standards are enforced by the Scottish Environment Protection Agency (SEPA), which sets 

site-specific limits on biomass held and the types and amount of chemicals and medicines that can 

be discharged. 

Crown Estate: Most of the UK foreshore and seabed up to 12 nautical miles from the shore is owned 

by the Crown and is managed in Scotland by Crown Estate Scotland (or The Crown Estate in England, 

Wales, and N. Ireland).  The small remainder of foreshore ownership is a mixture of public and 

private ownership.  So, it is vital to identify the landlord, seek their permission and determine if a 

lease and rent payment are required before constructing any required fixtures on the foreshore or 

seabed. (Email: marine@crownestatescotland.com). 

Finance: Financial support may be available to help develop a hatchery or modify existing facilities 

through various (competitive) grants and loans.  Regional economic development agencies, local and 

national government authorities and local higher education institutions are good sources of 

assistance and information on relevant funding sources. 

https://www2.gov.scot/Topics/marine/Fish-Shellfish/18716/auth
mailto:marine@crownestatescotland.com
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8.4 Biosecurity 
To reduce risks of infection to the hatchery stock, it is essential to impose strict hygiene and 

biosecurity protocols throughout the site.  These protocols and procedures should be written into a 

formal policy document.  Additionally, a Biosecurity Measures Plan will be required by the FHI.  All 

staff and management must know, understand, and implement biosecurity measures diligently and 

on a day-to-day basis.  All new personnel need to be trained so biosecurity procedures are followed 

without infringement. 

It is crucial to isolate all adult broodstock mussels and spawning areas plus their associated 

equipment and personnel from the microalgal and larval production areas of the hatchery to reduce 

risks posed by pathogens such as Vibrio sp. bacteria.  Care must be taken when broodstock have 

been recently transferred to the hatchery from the wild environment.  Depuration of broodstock for 

at least 48h prior to spawning induction has been shown to lower the number of bacterial colony 

forming units (CFUs) for both total bacteria and for presumptive Vibrio species (See Section 11.2.3 – 

for further details) 

To maintain healthy and hygienic culture conditions throughout the hatchery, it is also vital to isolate 

microalgal cultivation areas from mussel embryo/larval cultivation areas, and both are kept free 

from potential contamination by adult broodstock mussels by: 

• Allocating specific personnel, personal protection equipment and clearly designated (e.g., 

colour-coded) cleaning and monitoring equipment to each cultivation area. 

• Separating each area by footbaths and hand disinfection stations and changing foot-bath 

disinfectant at least twice weekly or when contaminated or spent. 

• Maintaining algal master cultures in a separate incubator and undertaking sub-culturing in a 

laminar flow cabinet. 

• Mechanical sterilisation of air supplied to algal cultures (0.2μm filtration, inline). 

• Washing and autoclaving all batch-culture algal flasks and carboys together with their 

aeration tubes and filters, bungs, and culture media before inoculating with algae. 

• 1μm filtration and UV treatment of all incoming seawater. 

• Pasteurizing of cultivation water used in continuous algal production units (and mechanical 

sterilisation if appropriate)  

• Thorough, weekly steam-cleaning of all glass and silicone inlet and outlet pipes and tubes 

associated with continuous algal production units. 

• Thorough cleaning and disinfection (sodium hypochlorite solution such as TopazCL1 

(Ecolab)) and rinsing of all larval culture tanks, feed and aeration tubing, equipment such as 

grading screens, banjo filters etc. and floor areas at least every two days. 

• Careful disposal of mortalities and waste – pre-disinfection of egg/larval mortalities in 

strong sodium hypochlorite solution is recommended before discarding, as is the 

autoclaving of waste microbiological agar plates. 
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• Restriction of external visitors to the hatchery and, as a minimum, turn away anyone who 

has visited another aquaculture production or processing facility, or been at sea, within the 

last 24h (some hatcheries enforce a 3-day quarantine period prior to visits).  Keep a careful 

signed log of any visits, and ensure the visitors write their own answers to screening 

questions before signing the form themselves. 

• If it becomes necessary to cross between hatchery areas (e.g., during FHI inspection visits), 

always begin in the cleanest algal cultivation areas wearing new/clean PPE.  Then move 

downwards through the hatchery’s ‘cleanliness cascade’ (summarized in Figure 7), 

disinfecting hands and footwear between each separate area and without retracing steps. 

Whenever possible, prevent visitors from touching flasks, tanks, equipment, or culture 

water. 

 

 

 

 

Figure 7.  Hatchery Cleanliness Cascade  
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8.5 Setting up the Marine Hatchery at NAFC Marine Centre, Shetland for cultivation 

of shellfish 
The Marine Hatchery opened in 1999 and is located on the campus of the NAFC Marine Centre, 

which is on the outskirts of Scalloway (60° 7'55.49"N, 1°17'19.61"W), a village on the West coast of 

Shetland (Figure 8).  The NAFC Marine Centre Campus opened in 1992 and is largely build on 

reclaimed land. 

 

Scalloway harbour has relatively open waters to the west and to the Atlantic. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8  Location of NAFC Marine Centre (Shetland Islands) 

8.5.1 Site layout at the Marine Hatchery 
The original hatchery building was first repurposed to an onshore seawater tank facility in circa 1998 

and the development at that time included the addition of a new finfish tank house (originally 

designed for halibut broodstock), a plant room, pumping station and header tank. 

The initial development has had a number of upgrades including a project circa 2011 that provided a 

new pumping system with associated intake lines, buildings, intake pumps, primary filter, and 

associated switch gear as well as effluent pumping system and UV disinfection. 

In addition to the main buildings, there are two storage containers, some off-site storage, and some 

outdoor storage. 
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Figure 9.  Arial view of Marine Hatchery at NAFC Marine Centre 

8.6 Engineering systems at the Marine Hatchery 
The seawater supply was previously abstracted from two intakes about 50m offshore, consisting of 

HDPE pipes weighted with concrete saddles and terminated in a coarse screen of about 5cm mesh.  

To remove biofouling from the inside of the intake pipes, it had been necessary to ‘pig’ these using a 

capstan shore-side with the pig being pulled around a block that was attached to a concrete block 

deposited in front of the intake points.  This process was costly as it required diver support to 

organise the block and to remove the mesh cage from the intakes.  During a reconfiguration in 2011, 

the pumping system was upgraded, and seawater is currently abstracted from a depth of around 5 

m through two intake pipes (Figure 10) fixed to the rock armour.  Each intake pipe terminates in a 

coarse screen (10 mm, 316 SS). 

The intake pipes are attached to galvanised trolleys and the associated rails are grouted into the rock 

armouring, which allows for the pipes to be pulled ashore for cleaning.  There is some sacrificial 

protection on the metalwork through attached anodes, however deterioration in the stainless steel, 

particularly around the welds led to pitting and small holes and some of the stainless-steel pipe was 

necessarily replaced with HDPE (Figure 10).  The cause for the corrosion was not identified but not 

thought to be purely galvanic corrosion.  It was possibly caused by anoxic conditions when the pipes 

were flooded but the pumps were inactive, such as during previous fallow periods, or when intake 

pumps were in ‘stand-by’ mode. 

Intakes are normally removed and cleaned annually.  Tubeworms and barnacles are often found on 

the internal surfaces, various seaweeds will grow on the outer surface.  Ideally cleaning is done just 
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prior to the mussel spawning season and pipes should be removed from the sea during any 

prolonged fallow. 

 

Figure 10.  Seawater Intake Pipes, Marine Hatchery NAFC Marine Centre 

The Marine Hatchery seawater system has been designed as flow-to-waste. 

In addition to the coarse screen on the ends of the intakes, a strainer is positioned in front of the 

suction side of the pumps, with a removable basket (Figure 11). 
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Figure 11.  Basket Strainers.  Valves on top for air vent and on bottom for drain.  Six bolts on each SS plate lid. 

The main pumps (DESMI NSL80-330 A16, Figure 12, 415V, 7.5 kW) usually operate on a duty/stand-

by basis.  The associated control systems (Gemini) were designed to provide automatic change-over 

and automatic priming (415V, 1.5 kW).  Each pump could also be run on manual (Hand) or even run 

simultaneously, if required.  The system has been set to auto-start after power failure.  The control 

system monitors for several faults.  The panel includes invertors and variable output frequency to 

the pump motors was linked to the fill level of the header tank, which was monitored by an 

ultrasound sensor (Mobrey MSP422). 

Pumping capacity is impacted by the head loss due to the filtration back pressure and by the 

dirtiness of the filter before automatic cleaning cycles.  An instantaneous maximum flow rates of 60 

m3/h was possible at the Marine Hatchery without the inline filter, but this was typically 40 m3/h, 

which achieved slightly below the maximum permitted abstraction of 1,000 m3/d (SEPA CAR licence) 
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Figure 12.  Main Intake Pumps (DESMI NSL80-330) with additional priming pump mounted to the right of each pump 

 

A mechanical pressure switch on the DESMI pump outlet monitors internal pipe pressure and was 

used to trigger the auto-priming pump; no-flow was monitored by an in-line flow sensor (Omega 

FSW 7112, Figure 13).  Electrical faults from the invertor triggered a latching fault. 

 

Figure 13. In-line flow sensor (Omega FSW 7112) 
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A flowmeter is necessary for recording water abstraction for the SEPA CAR licence and gives 

indication on the performance of pump and inline filters.  A paddle-wheel flow meter sensor ( 

Figure 14, Signet 515) was seated in the pipeline. 

 

 

Figure 14.  Signet 515 Seawater flow meter - paddlewheel sensor (right) and controller (left) 

 

8.7 Primary mechanical filtration of seawater 
Earlier in the project a Twinomatic 4500-4 automatic suction scanner (Twin Filter, The Netherlands) 

had been in place that filtered incoming seawater to 25 µm with a stainless-steel woven wire mesh 

filter unit. 

This proved insufficient for the volume of seawater being used in the pilot mussel hatchery and 

elsewhere on the site.  There were also a few operational issues with the unit, so it was replaced by 

a Spin Klin (Amiad, UK) (Figure 15), which resulted in a significant improvement. 

Primary mechanical filtration of raw seawater to 20 µm (nominal) was then achieved through a 

111005-000152 Spin Klin filtration unit.  The Spin Kiln required a compressed air supply to actuate 

pneumatic valves. 
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Figure 15.  Primary Mechanical Filtration – Amiad Spin Klin (top right and left) with controller panel showing pneumatic 
solenoids (bottom) 

 

The automatic backwash system for the Spin Klin (NB32-200/206, 3-phase, 7.5 kW Grundfos with 

control panel Filpumps Ltd.) pressurised filtered seawater to approximately 5 Bar.   

The filter was set to perform a cleaning cycle at least every three hours or when the differential 

pressure across the filter reached 0.5 Bar. 

During the project, there was considerable additional seawater usage elsewhere in the NAFC Marine 

Hatchery and, at the combined rate of seawater use, we found that the filter discs were not 
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satisfactorily cleaned by the backwash cycle alone and they typically required swopping once per 

week with a cleaned set of discs. 

Additionally, during storm conditions or when the filter discs were fouled the backwash process 

would not reduce the differential pressure meaning the filter would repeat the flushing cycle, which 

resulted in excessive dumping of seawater and affected availability onsite (header tank level was 

linked to an alarm, refer to Section 8.9 ). 

Cleaning of the Spin Kiln discs was not satisfactorily achieved by washing with a freshwater hose 

alone.  Gentle brushing and even a pressure washer (with discs loosely fitted onto a pipe) were tried, 

but these did not achieve satisfactory cleaning either. 

Cleansing of the Spin Klin discs was improved by removing the discs and bathing them in a sodium 

hypochlorite solution (TopazCL1, Ecolab) before rinsing in freshwater. 

Whenever the discs became stained, they were first bathed in a solution of oxalic acid (1 cup (250 

ml) in 10 litres of cold freshwater). 

It was found beneficial to have three sets of discs – one in use, one in sodium hypochlorite solution 

for cleaning and a final set rinsed and ready for transfer in. 

Later in the project, discs were exchanged weekly, and sometimes more often (Section 8.7.1 ).  The 

process became easier with experience but was much more time efficient when performed by two 

operatives. 

Exchanging the filter discs required the seawater to be turned off so it was vital this information was 

communicated around the site in advance with the approximate duration of the stoppage.  If it were 

likely that the header tank would be drained because of current site seawater usage, the seawater 

flow to the tanks should be turned off and UV turned off also. 

8.7.1 Process for changing Spin Klin discs 
1. Check with staff for their anticipated water use across site and decide whether UV and flows 

need to be stopped prior to cleaning. 

2. Turn off the Spin Klin system and the backwash system. 

3. Isolate the Spin Klin by closing the intake and outlet valves. 

4. Drain the system by opening the drain valve. 

5. Once depressurised, open each dome, and unscrew the bulkhead to the spines using the 

removal tool. 

6. Pull off all the discs from the spine and transfer them to a bucket(s) for cleaning. 

7. Replace cleaned discs to the spine, taking care that they are stacked up to the first notch 

(minimum) on the spine when compressed by hand (Figure 16). 
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Figure 16.  Compressing a stack of 20 µm Spin Klin discs (grey coloured) by hand, revealing the minimum and maximum 
raised markings on spine (markings circled) 

8. Tighten the bulkheads and replace the domes. 

9. Open inlet and outlet valves and prime filter with seawater. 

10. Run the backwash cycle a couple times and check for DP (differential pressure) improvement 

after cleaning cycle. 

A deep clean of the filter is recommended at least once per season. 

OPTIONS SHOULD BE EXPLORED FOR CLEANING-IN-PLACE FOR THE SPIN KLIN (WITH SODIUM 

HYPOCHLORITE DOSING (OR SIMILAR).   

 

Min  Max 
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8.8 Secondary mechanical filtration of seawater 
Secondary filtration to 10 µm nominal was achieved through a drum filter (1604, Hydrotech, 

Sweden).  Similarly, the automatic backwash capability was triggered automatically when filter 

screens were blocked.  A pumped filtered seawater supply (Lowara) backwashed the screen and 

filtrates were returned to the sea. 

Being a passive filter, and to reduce the need for additional pumping, this unit was positioned at the 

highest point of the site, which is above the site’s main header tank reservoir (Section 8.9 ). 

Careful consideration must be given to whether a drum filter is the most suitable filter option, 

especially for hatcheries that may be located close to occupied housing as there is significant noise 

levels associated with the regular backwashing cycles.   

The drum filter needed to be checked weekly for blockages in the backwash spray nozzles, any build-

up of wastes and for any tears in the screen fabric.  Small holes in the screen could be repaired with 

glue or patches but this was normally only done during a shut-down period, ideally prior to the 

spawning season, or when changing screens for other reasons. 

If careful, screens can be periodically removed (e.g., 6 monthly) and steeped in an oxalic acid 

solution followed by rinsing in a hydrochloric acid solution to clean. 

 

8.9 Header tank reservoirs 
Approximately 30m3 of filtered seawater was stored in HDPE header tanks that were supported in an 

elevated position.  This allowed for gravity or pumped supply of seawater around the site.  A sight 

glass (made from clear vinyl tubing) was visible from the hatchery office to help monitor the filled 

level of the header tanks. 

Each header tank was fitted with a float switch, that was connected to the auto dialler system so 

would warn staff of incidences of low seawater levels in the header tank. 

8.10 Electrical backup generator 
The Marine Hatchery had a Perkins diesel generator (100 kVA) set to auto-start during power failure 

and the installation includes a mechanical electrical changeover.  Louvered panels opened during a 

failure to mains power (Figure 17). 
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Figure 17.  Backup electricity generator.  Louvered panels (in wall) opened during power failure. 

8.11 Alarm callouts – auto dialler 
Volt-free contacts are available on most key equipment and systems to relay faults to an external 

system.  An alarm signal could be picked up from these and communicated locally (buzzer/light), an 

auto dialler or more sophisticated alarm system.  The Marine Hatchery had a simple wired system 

that picked up alarm relays in series and this had been used satisfactorily over a number of years to 

monitor equipment faults.  The setup reflected the relatively simple engineering systems at the 

facility and a battery-operated auto dialler system with a dedicated telephone line proved to be a 

robust solution. 

MORE SOPHISTICATED ALARM SYSTEMS ARE AVAILABLE THAT OFTEN HAVE CAPACITY FOR DATA 

LOGGING AND REMOTE ACCESS ALLOW FOR LOGGING AND MAY BE SUITABLE FOR A COMMERCIAL 

SHELLFISH HATCHERY (SUCH AS THOSE SUPPLIED BY OXYGUARD INTERNATIONAL A/S, AKVA 

GROUP, ETC.) 

 

8.12 Plant room 
It is good practice to house mechanical and engineering plant away from cultivation areas.  Not only 

does this reduce the impacts of noise, temperature fluctuation and electrical fields within the 

cultivation environment, it keeps the machinery away from wet and humid areas and is beneficial for 

the health and safety of operators.  Equipment specifically used within the Scottish Shellfish 

Stepping Stone project included booster pumps (Section 8.13 ) tertiary filtration (Section 8.14 ), UV 

disinfection (Section 8.15 ), seawater temperature control (Section 8.16 ), air blower (Section 8.17 

and other plant such as the diesel generator (Section 8.10 ), are all located in the Plant Room 

building.  The plant room building is adjacent to the main hatchery building (Figure 9) and this space 

also houses switch gear and a workshop area for repairs, fabrication, and storage. 
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8.13 Booster pumps 
To provide seawater for additional tertiary filtration (Section 8.13 ) and to supply seawater to the 

algae areas on the first floor, two process pumps (Argonaut AV150, 400V, 0.75 kW, Figure 18) were 

setup to boost in-pipe seawater pressure.  The booster pump systems were designed around a 

maximum flow rate of 3 m3/h. 

After confirming with the manufacturer that the pumps could be mounted vertically (Figure 18), the 

pair of pumps were setup in parallel on a duty/stand-by mode. 

 

Figure 18.  Two Argonaut AV150 seawater booster pumps vertically mounted 

The pumps’ control panel (Sterner AquaTech UK Ltd.) had an automatic changeover function to 

oscillate between Pump #1 and #2 duty: stand-by every 24 h to reduce potential stagnant water and 

to even-out the pump run hours.  The pumps could also be operated on manual basis (hand).  The 

pumps were wired to auto-start after a power failure. 

Pump motor speed was automatically regulated to achieve a pressure set point in the seawater 

pipeline seawater.  A seawater line pressure of approximately 0.6 Bar was chosen as this was the 

minimum seawater pressure that would provide a reasonable seawater flow to the upstairs (algae) 

cultivation areas.  The lowest pressure and flows were selected to help reduce supersaturation. 

A differential pressure switch (DXW-11-153-2, Dwyer Instruments, Figure 19) monitored the 

seawater pressures upstream and downstream of the filter bags to indicate a build-up of fouling in 

the bags and whether filter bags required another change before the timetabled daily exchange. 
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Figure 19.  Differential pressure switch monitoring seawater line pressure upstream and downstream of bag filters 

 

8.14 Tertiary filtration – bag filters 
Filtration to 1 µm absolute was through 3 x 30 litre polypropylene filter housings (Eaton PBF-0102-

P010-050B), which have 2” inlet/outlet/drain (Figure 20).  The first two housings were configured in 

parallel and contained 1 µm nominal filter bags (Eaton, Duragaf PEXL-1-P02H-20L).  The seawater 

then passed through a 1 x 1 µm absolute filter bag (Eaton, Lofclear LCR-120-T02E-25L). 

 

 

Figure 20.  Bag filters – tertiary filtration (Eaton) 

As filter bags become fouled the individual pressure gauges on the bags changed correspondingly 

(Figure 21) and the differential pressure alarm light illuminated on the control panel if the setpoint 

was reached.  This was monitored morning and evening and bags changed accordingly. 

Although bags would likely be able to filter for a few days without any significant build-up of back 

pressure, filter bags were replaced with clean and dry (new or washed) bags every 24 hours to 

reduce organic build-up and therefore reduce bacterial loading ahead of UV disinfection.  However, 

if, the 1 µm-absolute filter bag appeared to be very clean it was used for a few days before changing 
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it for a clean (new or washed) filter bag - most of the particulate matter was filtered out by the 1 µm 

nominal bags.   

 

Figure 21.  Tertiary filtration setup - filter bag housings with pressure gauge monitoring internal pressure, booster pumps 
and control panel.  UV in background at floor level. 

 

8.15 Ultraviolet disinfection (UV) 
The filtered seawater (filtered to 1 µm) was disinfected using an ultraviolet disinfection unit UV 

(Wedeco Spektron 15, 240V, min 1200 J/m2
, Sterner AquaTech UK Ltd. Figure 22).  During exposure, 

the wavelength of UV radiation emitted by the lamp is absorbed by DNA of potential pathogens 

(bacteria, viruses, etc.), causing them to become damaged.  This damage to genetic material is lethal 

and/or inactivates the microorganisms. 
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Figure 22.  UV chamber for seawater disinfection (Wedeco Spectron 15) 

This UV unit had a stainless-steel housing and is compatible for use with seawater.  The single low-

pressure UV lamp’s (210 W Spektrotherm) UV intensity (output) was checked from the control panel 

and recorded, usually twice daily.  UV Lamps were changed as required, but this is unlikely to be 

more than once per year.  A UV dosage of > 120 mJ/cm2 at the end of lamp life was specified as this 

has been previously reported to irradiate IPN virus (considered relatively difficult to inhibit).  120 

mJ/cm2 would have considerable disinfection capacity over many bacterial species, which tend not 

to require such a high dose rate. 

The control unit was wired to auto start after a power failure. 

To check for efficacy, seawater samples were collected into freshly autoclaved test tubes (Section 

12.4 ) and samples spread onto TCBS and Marine Agar plates.  Efficacious disinfection was 

determined with no colony forming units (CFUs) growing on the TCBS medium (indicating zero 

CFU/ml of presumptive Vibrio sp. bacteria) and less than 100 CFU/ml of total bacteria growing on 

Marine Agar (MA). 

 

Future hatchery work could explore the potential for using alternative disinfection 

methods such as ozone, iodoform and ultrasound. 

 

8.16 Seawater Heater 
The heater unit housed a freshwater tank that was heated with an electric immersion heater (ICS, 

with 18kW (2x 9kW) of heating, 400 V 3-phase, Figure 23).   
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Figure 23.  Electric Seawater Heater Unit (Industrial Cooling Systems).  Temperature sensor for seawater (black-coloured 
port) and external pipework for bypassing the heater shown) 

 

The heated freshwater was recirculated, but a mechanical three-way valve controlled the circuit, 

either diverting the heated seawater back to the tank directly or proportionally into a titanium plate 

exchanger (Figure 24). 
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Figure 24.  Process diagram for water heater (F/W freshwater, S/W seawater.  Gate vales to facilitate maintenance, 
normally in open position) 
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Larger volumes of heated seawater would require significant improvement to efficiencies and be 

designed into engineering systems. Heating options might include one or more: 

• using a heat pump or an alternative renewable source(s) of energy (anaerobic digester, 

geothermal, solar, wind, etc.), 

• accessing waste heat (e.g., from a nearby industrial process), 

• adding a heat recovery system on effluent water. 

8.17 Air supply 
A side channel blower (Medio-Jet, Quirepace Ltd., 400V 3 kW, Figure 25) was used provide an air 

supply throughout the hatchery. 

 

Figure 25.  Air blower (right) with filter silencer on suction port (top left), stainless steel pipework on discharge (ESAM 
Mediojet, Quirepace Ltd.) 

An inverter speed controller with auto start was also added to allow operators to reduce airline 

pressure and to match supply with demand (Omron SysDrive 3G3MV, Figure 26).  Care was taken to 

achieve a line pressure that could supply air for the deeper tanks (LRT, algae bags) but air was bled 

off, if necessary, to prevent the blower from stalling. 

 

Figure 26.  Air blower inverter speed controller (Omron SYSdrive) 
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The addition of a pressure switch allowed for monitoring the air pressure in the pipework and this 

was routed to the auto dialler alarm to warn of blower failure, or sudden loss of pressure such as 

caused by a breach in the air pipelines or unwanted opening of pipeline valves. 

A second blower was available for quick change over however, where space allowed, a duty:stand-

by configuration would be preferred. 

There was no coalescing filter on the unit.  It may be beneficial to add some method of air drying to 

reduce potential contamination or the air pipelines and it may be beneficial to add inline air filters to 

each of the air supplies to the IC tanks (Section 9.8.1 ). 

The addition of a filter-silencer on the blower inlet (FS-31P-201, polyester filter) provided air 

filtration to 5 µm and significantly reduced blower-associated noise. 

 

8.18 Pipework  
Most of the hatchery pipework systems were made with ABS pipe, although some PVC pipe was also 

used.  ABS pipe is especially suited for transfer of cold liquids. 

8.18.1 Pipework design 
When designing a shellfish facility, careful consideration must be given to ensure pipe runs are as 

straight as possible to reduce head losses and facilitate better hygiene due to ease of cleaning, which 

will also save on labour.  To maintain good hygiene and save time, care must be taken to provide 

easy access to internal pipe surfaces so they can be cleaned effectively and quickly – for example by 

fitting removable sub pipes, unions, ball-valves, etc. 

‘Fiddly’ and complicated pipe runs must be avoided.  Careful planning, thought and design is vital 

before any pipework is installed. 

It is good practice to leach new pipework before use. 

8.18.2 Cleaning of seawater pipework 
Intakes and header tanks should be cleaned at least annually, and ideally twice per annum.  Intake 

pipework should be sized to have sufficient velocity to reduce settlement but there will inevitably be 

some settlement.  Barnacles and tubeworms may be difficult to remove if they are left to grow.  

Pigging, scraping and pressure washing may be effective means, however, it is common that there 

will be a residue of the animal’s shell that is very difficult to shift. 

The header tank should be similarly scraped, pressure washed, scrubbed and any deposits removed. 

The seawater supply pipework interior surfaces need to be ‘spotless’ to reduce any organic material 

becoming a source for microbial build-up and the potential for a build-up of pathogens. 

Two techniques were used routinely to clean internal pipework surfaces during the Stepping Stone 

project: 

• Circulation of a sodium hypochlorite solution and 

• Physical scouring of the surfaces achieved using the flexible pipe cleaner attachment of the 

pressure washer (‘mouse’) and/or using a range of various diameter 
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polypropylene/polyester tube brushes (Vikan UK Ltd.) with a push/pull-through using a 

stainless-steel cable. 

It was important to note that whilst sodium hypochlorite solution may have killed biological 

materials, it may also have resulted in dead biofilms being left in the pipework that could serve as an 

organic food source to reinstate bacterial colonies once seawater supplies were restarted.  Also, 

some bacterial colonies may have a degree of protection against surface disinfection (e.g., mucous 

protection) so presenting the hypochlorite disinfection as below may not have the fully desired 

disinfection effect. 

Whoever was to undertake responsibility for the pipe cleaning task prior to cleaning needed to 

communicate with other staff members, taking care to inform any staff that may not have been 

working.  At least one day prior to the pipe cleaning, several days is better, all those involved with 

cultivating algae and larvae were informed that the seawater would be turned off and were given an 

idea of when the supply is expected to be back on.  On the day prior to cleaning all items were 

collected in readiness: these included pressure washer, mouse, brushes, different sizes of bottle 

brushes, pull-though cable submersible pump, hose, and fittings. 

Using bottle brushes and brushes on pull/push through rods/cables the internal pipe surfaces and 

were scoured and then rinsed thoroughly with freshwater.  Multiple passes were made with the 

brushes until the freshwater ran clear and the pipes are clean. 

Smaller pipework, flow meters, valves, etc. were disassembled.  These, the bag filter housings, and 

any other accessible part was cleaned, taking the time to ensure every piece of accessible pipework 

was adequately scoured/moused/heated. 

The internal surfaces were then usually disinfected further by circulating an aqueous solution of 

sodium hypochlorite (445 l freshwater with 1.7l of sodium hypochlorite added (14-15% active 

chlorine)).  The hypochlorite solution was circulated for as long as practicable (at least one hour). 

The pipelines were flushed with seawater continually for at least thirty minutes, but an hour was 

preferred, so any remaining hypochlorite was rinsed away 

Additional cleaning tasks such as disassembling the plate exchanger in the heater should also done, 

when possible, ideally before batches or a minimum of twice per year.  A set of spare gaskets should 

be available, and gaskets replaced every few years or when rubber has become hardened. 

8.19 Tank rooms, walls, floors, ceilings 
The layout of rooms will depend greatly on the site characteristics (the Marine Hatchery floor plan is 

in Section 9 -).  Where possible, walls and ceilings should be insulated and have a continuous, 

cleanable surface.  Floors are best left unpainted unless they can be sealed properly with a non-slip 

hard wearing covering.  Concrete floors should also be poured so they are self-draining and floor 

drains inserted to suit and be easily cleanable.  Careful thought needs to be given to tank failures 

and whether the floor drainage will be satisfactory to carry sufficient volumes of water away, and so 

prevent or minimise property damage if there was a tank or pipework breach. 
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8.20 Recommendations for modifications to engineering systems 

8.20.1 Storage of heated seawater 
Some shellfish hatcheries have stores of heated seawater (e.g., in insulated tanks).  This may be a 

useful addition, providing the seawater would remain clean and the storage would not affect water 

quality or microbial levels adversely.  Storage of moderate volumes of heated seawater may help to 

increase the stability of the seawater temperature and may help to reduce potential supersaturation 

as direct heating in a sealed pipeline has higher risks of supersaturation. 

8.20.2 Metering seawater use 
Addition of a flow meter to a data logging system or display unit would be helpful in gauging 

seawater consumption overall and/or at specific points of the facility.  Consideration would need to 

be given over the flowmeter type to ensure it did not become a source of potential infection (e.g., 

use an ultrasonic meter located on the outside of the pipe). 

8.20.3 Pipeline remodelling to remove dead ends and for ease of cleaning 
Much care must be taken over the design of pipelines.  Lines should be mainly straight with fittings 

only inserted where necessary.  Unions or double union ball valves can be used to provide access 

into the pipelines for cleaning.  Runs should be only as long as the cleaning technologies available to 

the facility (e.g., brush+rods, pressure washer mouse, etc.). 

8.20.4 Automatic water quality adjustment 
Some bivalve hatcheries include methods to automatically adjust salinity or pH through dosing of 

salt and acid/alkali – e.g., a Burk-O-Lator for carbonate chemistry (ocean acidification). 

8.20.5 Activated carbon filtration 
It may be necessary to include a carbon filtration stage to the seawater supplied to the hatchery to 

help adsorb toxins (e.g., algal toxins) and possible by-products of UV disinfection or other 

contaminants. 

Section 9 - Floor plan for Stepping Stone Project 
The pilot hatchery was operated on two floors of the Marine Hatchery building 

9.1 Ground floor tank areas 
On the ground floor, three main tank areas were used with the central preparation room used for 

lab work, microscopy, and IT (Figure 27). 

9.1.1 Tank room lighting 
In addition to two small south-facing windows, the general room lighting was provided by ceiling-

mounted twin strip fluorescent lights and light was provided 24:0 (L:D).  No photoperiod control was 

tested or implemented. 
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Figure 27.  Marine Hatchery ground floor layout 
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Figure 28.  Marine Hatchery First Floor Plan 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and 
A Hatchery Manual 

 

Section 9 - Floor plan for Stepping Stone Project   Page 54 

9.2 First floor algae cultivation areas, storage, office, and staff welfare facilities 
Before installing the algae systems on the first floor (Figure 28) an assessment was done by a civil 

engineer to confirm the weight bearing capacity of the first-floor cultivation areas.  

A concrete sloping floor with central drain was added to the upstairs bag room cultivation area. 

 

9.3 Larval rearing tank (LRT) 
Due to insufficient indoor headroom, the only option available for the Marine Hatchery to house the 

large larval rearing tank (LRT) was to locate the tank outdoors. 

The LRT was constructed from GRP (Shetland Composites Ltd.) and was designed to hold around 

18.6 m3 of water (Figure 29).  The large volume and tank floor reduces egg and trochophore stocking 

densities. 

Entry 
Hatch

Overflow

Approximate 

Volume of 

LRT 

18.683m³ 

2780 m
m

2900 mm
146 mm

 

Figure 29.  Dimensions of LRT 

The tank was closed (covered) and also insulated to minimise temperature variations.  Insulation of 

approximately 200 mm thickness was provided around the walls, floor, and ceiling of the LRT tank.  

Temperature loss was deemed minimal during the two-day incubation period (Figure 30), and 

usually helped as air temperatures during peak spawning were close to the desired incubation 

temperature of 16 °C.   



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and 
A Hatchery Manual 

 

Section 9 - Floor plan for Stepping Stone Project   Page 55 

 

Figure 30.  LRT temperature profile (October) 

Aeration was provided through a centrally located weighted, open-ended hose. 

A large step ladder provided access to the inspection hatch.  The hatch could open and was used for 

transferring in fertilised eggs and for taking water samples out for microbiology or larvae checks 

from the water surface. 

A second access hatch was located on the side of the tank.  The removable hatch cover was bolted 

to the tank. 

FUTURE HATCHERY TRIALS COULD INCLUDE EXPLORATION OF TEMPERATURE FOR OPTIMAL 

GROWTH AND EFFECT ON SURVIVAL AND DEFORMITIES. 

9.4 Broodstock handling areas 
For the 2018 season, all broodstock handling and spawning activities were moved into their own 

tank room to help improve biosecurity and to provide additional facilities for broodstock trials. 
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9.5 Tank room installation 
Many modifications and remodelling steps were required in prepare the tank room for the project 

(Figure 31). 

(a)  

(b)  

Figure 31.  Installation of Tank Room (a) during (b) complete 

9.6 Washing area, grading bench and storage of clean equipment 
Washing areas and mussel larvae grading bench were available with stainless-steel bench (Figure 

32a) and grading trough (Figure 32b).   
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(a)  

(b)  

Figure 32.  (a) Equipment washing area and (b) mussel larvae grading bench 

9.7 Preparation of grading screens and banjo filters 
Banjo filters were removable mesh screens that were attached to tank outlets.  A banjo filter for 

each grade size and for each IC tank was required, ideally with a spare(s).  Additionally, five grading 

screens for each required mesh size were necessary. 

Frames for the banjo filters were fashioned from 250 mm PVC pipe that was cut into 80 mm lengths.  

Filters needed to have enough depth to accommodate the outlet pipe and enough wall thickness to 

provide enough area for gluing the polyester mesh screen materials (Plastok Ltd.).  It was important 

to prepare the surfaces for gluing by carefully sanding these smooth and to cut the outlet hole in 

advance, ready for the stub pipe. 
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Grading screens were made from plant-pot saucers and cat litter trays.   

 

Figure 33.  Stacked grading screens made from cat litter trays. 

9.7.1 Handling of grading screens or banjo filters 
Banjo filters and grading screens needed to be handled with care because the mesh can be easily 

damaged, and the grading screens can be cracked if dropped or knocked.   

9.7.2 Mesh sizes 
Several mesh sizes were chosen for the banjo and grading screens.  While this was guided somewhat 

by the availability of mesh sizes from the manufacturer (Plastok Ltd.), it was also necessary to 

anticipate larval size to help provide a positive grade at various developmental stages - i.e., retention 

of the vigorous larvae and grading out of the deformed larvae, slower growers or ‘poor doers’. 

Initial mesh sizes used were 44, 64, 73, 85, 120, 150 and 250 µm.  It was felt the jump between 85 

and 120 µm was too big, so additional sizes were added, 90 and 105 µm, as well as 130 and 180 µm.   

9.8 Tanks 
Spawning troughs, intensive culture tanks (ICs) and spool tanks were all constructed from GRP by 

Shetland Composites Ltd.   

9.8.1 IC Tanks 
IC tanks have a cylindroconical shape and were 225 litres in volume.   

The end of the outlet pipe was connected to a short length of silicone hose (15 – 20 mm id) and was 

sealed with a Hoffmann clamp (Figure 34).  Air was introduced into the IC via the silicone hose. 

 

Figure 34.  IC tank outlet showing hose attachment and Hoffman clamp 
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Seawater into each IC was controlled by a diaphragm valve (Figure 35) and metered though a 

vertically mounted variable area flow meter that could monitor the standard flow rate of seawater, 

3 l/min, per IC tank.   

 

Figure 35.  IC tank inflows, pipework, banjo filters and setup 

 

Heated seawater was supplied to each tank and outflows were piped to an open gutter (Figure 36).   

 

Heated 
Seawater In

Algae In 
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dosing pumps)

Collection 
tank with 

screen

To waste

Water overflow to gutter

Water supplied to IC 
tanks via silicone hose 

into inlet U-bend

IC1 IC2 IC3 IC4 IC5

 

Figure 36.  Water Supply to IC tanks 

 

Due to the fittings making the inlet pipework more difficult to clean a simpler pipe 

design might be beneficial for future hatchery operations. 
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9.8.2 Spool Tanks 
Spool tanks were circular with a flat bottom and straight sides.   

 

Figure 37.  Spool tank 

 

Spool Tanks needed to be large enough to comfortably hold the rope spool with enough internal 

space for comfortable lowering and raise of the spool from the tank.  There also needed to be 

enough space for engaging and removing the standpipe and for accommodating the tank’s banjo 

filter. 

The seawater supply to the spool tanks was via a flooded header pipe that had piped outlets to each 

spool tank (Figure 38 and Figure 39).   
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Figure 38.  General layout of flooded head water supply to spool tanks.  Black tape on sight glass allowed for marking of 
desired water level.  
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Figure 39.  Setup of Spool Tanks 

Effluent seawater overflowed via the banjo filter and into an open gutter (Figure 40).   

 

Figure 40.  IC Tank Outflow (Banjo Filter on inside of tank not shown) 

 

9.8.3 LRT Tank 
The larval rearing tank (LRT) is a relatively large volume, straight walled tank with a flat or gently 

sloping floor.  It is filled with filtered, UV disinfected, and heated seawater then operated on a static 

basis with some air flow to provide water circulation (see also Sections 9.3 and 11.4 ). 
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Section 10 - Biology of Mytilus edulis 
Mussels have an elongated shape, and their soft internal organs are protected by two calcified 
(containing calcium carbonate) dome-shaped shells (valves) that are joined by an elastic ligament 
and are hinged. 
 
Mytilus edulis was the main mussel of interest for this project because it is the most farmed mussel 
in the UK.  It is also known as the blue or common mussel and is distributed in Northern and 
Southern boreal or temperate waters and found on rocky shores, both intertidally and sub tidally 
and often at high densities.  M. edulis sits in the class Bivalvia, which is of the phylum Mollusca. 
 

10.1 Life history and larval development 
M. edulis have a polygynandrous reproductive strategy.  The sexes of M. edulis are separate but 
indistinguishable unless they are opened.  Fertilisation takes place externally and larvae are 
planktonic. 
 
Females seem to show some senescence with a declining proportion of healthy viable embryos 

being produced from 2-10 years old (Sukhotin & Flyachinskaya 2009).  

In the wild state, adult mussels begin gonad development when seawater temperatures start to 
increase, and food becomes more plentiful.  Spawning therefore typically occurs from April through 
to September, with a peak in embryo number in May – July.  Once fertilised the egg develops into a 
free swimming, non-feeding trochophore larva after ~24-30 hours.  Later, the larva develops into a 
distinct ‘D’ shape veliger larva (90 µm).  The ‘D’ shaped larvae feeds on phytoplankton and continues 
to grow and develop a more rounded shaped shell.  The veliger stage typically takes 1-2 months.  
Once the eye spot and exploratory foot develops the, now, pediveliger stage approaches 
metamorphosis.  The lipids accumulated during the larval phase serve as an important supply of 
energy, particularly during metamorphosis when they may be incapable of feeding.   
Once the gills and a foot have developed the larva can select substratum and become increasingly 
benthic.   
 
Wild pediveligers use their muscular foot to explore and select settlement sites before primary 
spatting.  During metamorphosis, the velum and eye spot disappear, and the mouth migrates by 90°.  
If a suitable substratum is found the larvae can attach itself with byssal threads and this juvenile 
stage is called spat (250- 300 micron).  Although mussels do have a muscular foot, they normally 
have limited movement.  Mussels can move until they are approximately 2 mm in length, but they 
can also parachute on a byssus thread that can measure around 10 cm in length.  Detachment and 
distribution through water currents can take mussels to settle on distal surfaces, often utilising 
cracks, and crevices for protection.  Once set, the animals cement their position on by attachment of 
the byssal threads.   
 
After spatting, cilia on the newly developed paired gills are the main mechanism to trap and move 
food particles from 3 µm to the gut or to be removed.  Spat are also capable of filtering down to a 
particle size of 1 µm.   
 
For this reason, digestible microalgae, with a size range of 3-6 µm and a good nutritional value (fatty 
acid and carbohydrate composition) and are usually chosen by hatcheries as feed for bivalve larval 
food.   
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Bivalves typically switch to using carbohydrates as their main energy reserve (glycogen) once 
spatted. 
 
Mussels can often outcompete other competitors and, compared to other bivalves such as oysters, 

they appear to be less susceptible to diseases.   

 
 

10.2 Bivalve production in hatcheries 
There are currently two commercial bivalve hatcheries in the UK, Seasalter Morcombe Bay and 
Guernsey Sea Farms, both predominantly producing oyster spat.  There is also some shellfish 
production in Orkney, again focussing on oyster production. 
 
The hatchery techniques employed were developed in conjunction with publicly available literature 
and the experience of Spring Bay Seafoods (SBS) who were used as external consultants for the 
project.  SBS culture Mytilus galloprovincialis and there are several biological differences between 
this species and Mytilus edulis, as indicated in Table 6.1. 
 

Table 4.  Some differences between farmed Mytilus galloprovincialis and Mytilus edulis. 

Species Mytilus galloprovincialis Mytilus edulis 

Common name Mediterranean mussel or 
blue mussel 

Common or blue mussel 

Typical shell count at 
harvest 

30-40 pieces/kg 60-90 pieces/kg 

Yield Approx. 4 kg/m Approx. 3-5 kg/m 

Time to on-grow 14-24 months (typically 18 
m) 

30 – 36 months 

Fecundity Larger and more fecund.  8 
million eggs for a mature 
female 

Smaller and relatively 
lower fecund, so require 
more individuals for 
spawning. 

Egg incubation Survival to D-larvae stage is 
stable, predictable, and 
reproducible 

Survival to D-larvae is 
variable and relatively 
high levels of shell 
deformities are seen.  
Many larvae do not 
develop past 
trochophore stage. 

Larval period 3wk – 3 months in wild 
13-17 days in hatchery 
 
Survival is stable, 
predictable, and 
reproducible 

21 – 23 days in hatchery 
at 16 °C 
 
High and sustained 
mortalities throughout 
the period, especially 
during the first week. 
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Section 11 - Hatchery techniques for rearing M. edulis 
 

11.1 Timelines for production of M. edulis spat 
The hatchery production cycle for M. edulis typically lasts 7 weeks at 16 °C.  This comprises of four 

main stages (1) Broodstock Spawning and Fertilisation, (2) Egg and Trochophore Incubation, (3) 

Veliger rearing, (4) Pediveliger and Spat rearing (Figure 41). 
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Figure 41.  Timeline for producing M. edulis spat in a hatchery at 16 °C 
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From an expected natural spawning season of April to August, approximately three batches 

(spawning events) were expected per season.  However, due to issues with broodstock quality, this 

was ~ 30 spawnings per annum. 

11.2 Broodstock 

11.2.1 Genetic Stocks 
Maintaining high genetic diversity is vital to maintaining vigorous stock, so a valuable first step to 

establishing any hatchery breeding program is the development and validation of standardized 

genetic tools for stock management. 

Single nucleotide polymorphisms (SNPs) are DNA sequence variations that occur when a single 

nucleotide (A, T, C, or G) in the genome sequence is altered.  Each organism has many single 

nucleotide polymorphisms that together create a unique DNA pattern for that organism.  SNP-panels 

can be developed that provide a cost-effective and rapid means of assessing genetic divergence 

within a population.  This information is required for broodstock selection programmes and the 

avoidance of inbreeding.  SNP-panels can also be used to assign paternity accurately to unknown 

offspring, allowing the establishment of a family selection program for desirable traits such as 

growth, meat yield and disease resistance. 

For this reason, the preliminary project ‘Development of genetic tools for successful management of 

mussel hatchery broodstock’ was funded by Xelect Ltd. and the Scottish Aquaculture Innovation 

Centre to: 

• establish the current genetic status of farmed mussel stocks in Shetland ahead of any 

potential broodstock selection program 

• develop SNP-based stock management tools for the blue mussel suitable for broodstock 

selection that would support future family selection programs and 

• test ‘first-cross’ hatchery protocols and validate parentage assignment using Shetland 

farmed mussels of known pedigree. 

These project objectives were achieved as follows: 

• A panel of microsatellite samples (collected in 2015) was used to evaluate the genetic 

diversity of mussels from 19 commercial farms around the Shetland Isles and to select a 

suitable set of samples for further study. 

• Since three species of Mytilus mussels occur in Scottish waters and these readily hybridize, 

genotypes of a species-specific assay were used to assess the species of all mussels in the 

study. 

• Bar-coded RAD-seq libraries from 30 pure Mytilus edulis adults were used by XELECT Ltd to 

design a panel of 96 SNP assays for the SAIC-funded Fluidigm microfluidic PCR equipment 

based at the University of St Andrews, using established protocols. 

• SNPs were selected by their minor allele frequency, genome distribution and assay design 

suitability. 
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• First-cross mussel larval rearing systems and protocols, including micro-algal feed 

production, were established at the NAFC Marine Centre’s Research Hatchery in Shetland. 

• Larvae from six individual crosses were reared separately until post-settlement and until the 

subsequent spat grew large enough to permit genetic analysis. 

• Samples of parents and offspring from each cross were genotyped using the 96 SNP Fluidigm 

panel and computational pedigree assignment was performed using Colony software. 

Outcomes: 

The project’s microsatellite study captured important baseline data concerning the level of genetic 

variability contained within mussels from 19 commercial farms in Shetland in 2015 (Figure 42).  This 

data will be a reference point for the Shetland mussel industry and a foundation on which to build 

any future selection programme for desirable traits. 

Although 42% of the project’s SNP assays failed to generate polymorphic data, indicating a high 

frequency of null alleles, the reduced panel succeeded in correctly assembling all sibling groups 

except for two incorrect parent assignments. 

The mussel genome is known to have a very high density of SNP loci and great complexity compared 

to most vertebrate species.  It is therefore unsurprising that our first attempt at SNP panel design 

delivered a high proportion of null alleles.  The next step in establishing a family selection 

programme would be to improve the SNP panel with further assays from a second round of selection 

and to validate more sensitive indicators of species and hybridisation status.  The present result 

from this project is highly promising and demonstrates a strong basis for further refinement of the 

hatchery protocol and the genetic tools needed for pedigree management. 
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Figure 42.  Distribution of pure Mytilus species and their hybrids within Shetland. Based on data from samples collected in 
2015 and used in the XELECT/NAFC/SAIC project’s microsatellite study. ME = Mytilus edulis, MG = Mytilus galloprovincialis, 

MT = Mytilus trossulus. 

 

11.2.2 Natural broodstock spawning seasons 
Mussel spawning in Shetland is acknowledged by the local mussel farming and processing 

community to follow a bi-modal pattern, with first spawning usually beginning in early March and 

proceeding through to July.  There is often a second smaller ‘peak’ of Autumnal spawning beginning 

in late August /September.  During SSP and its affiliated SAIC Mussel Genetic Tools and SAICHatch 

projects, we observed this bimodal spawning pattern first-hand, both in 2016 and 2017 (e.g., see 

Figure 43 indicating 2017’s bimodal spawning pattern). 
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Figure 43.  Percentage of mussels spawning following NAFC hatchery induction trials in 2017. 

 

However, the spawning pattern in 2018 was quite different: 

Firstly, the 2018 Spring spawning of mussels in Shetland was significantly delayed, most likely by 

the prolonged cold winter of 2017/18.  Despite NAFC undertaking weekly mussel spawning trials in 

the hatchery from March onwards, we were unable to induce any spawning until mid-April.  Even 

then, spawning inductions only yielded small quantities of poor-quality embryos and low %D-larval 

recovery until mid-May 2018 when the first larger, better quality spawnings were achieved. 

Secondly, the mussels’ Autumn spawning peak did not occur in Shetland in 2018 (see Table 6.3 

which compares successful autumn spawnings of mussels in the NAFC Marine Hatchery in 2017 and 

2018). 

Despite continued attempts to induce spawning in mussel broodstock regularly brought in from a 

variety of sea-farms and farm mooring locations, there were no gametes spawned at the NAFC 

hatchery from 19th September 2018 (when only three females and nine males were induced to 

spawn) until those released from broodstock in the hatchery gonad conditioning trial in December 

2018.  Clearly, the usual bi-modal spawning pattern of mussels had not been simply shifted later in 

2018 as we first anticipated, but it appears to have been compressed into one peak only. 

 

Table 6.3. Comparison of Autumn Spawnings of Mussels at NAFC in 2017 and 2018 

2017 21/8/2017 20/9/2017 05/10/2017 17/10/2017 

Males 487 447 25 52 

Females 186 200 21 25 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and 
A Hatchery Manual 

 

Section 11 - Hatchery techniques for rearing M. edulis 
  Page 70 

Unspawned 1013 1126 189 500 

% Mussels 

Spawned 40 36 20 13 

   

(3 thermal 

cycles) 

(3 thermal 

cycles) 

2018 22/8/2018 19/9/2018 ------ ------- 

Males 36 9 
  

Females 40 3 
  

Unspawned 792 1405 
  

% Mussels 

Spawned 9 1 
  

 

(3 thermal 

cycles) 
   

 

Percentage spawning success alone does not represent the successfulness of the spawning event 

alone as this does not reflect egg quality or numbers of eggs spawned.  Sufficient egg numbers and 

quality was usually not seen until May (Figure 44). 

 

Figure 44.  Mean spawning % of mussels (% of batch) during project. (line) and total numbers of eggs that were fertilised 
and incubated per month (bar). 

 

11.2.3 Sources of hatchery broodstock 
The Project Team relied heavily on SSMG for providing broodstock and were thankful for their input, 

particularly for the support from Michael Tait who often helped directly or was able to facilitate 

procurement of brood. 
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The ideal broodstock was thought to be mussels that had demonstrated good growth at the farm, 

had limited biofouling (especially barnacles and tube worms) and had hard shells (not prone to 

cracking). 

THERE WERE SOME ISSUES FROM NOT BEING ABLE TO CONTROL THE TIMING AND ACCESS TO 

BROODSTOCK.  IT WOULD BE ADVISED THAT BROODSTOCK RESOURCES BE CLEARLY IDENTIFIED 

AND WORK DONE TO IMPROVE BROODSTOCK (I.E. GAMETE) QUALITY AND BROODSTOCK 

RELIABILITY AS A KEY ENABLER FOR FUTURE HATCHERY ACTIVITIES.  DURING THE 2018 SEASON, 

IN PARTICULAR, IT BECAME CLEAR THAT BROODSTOCK WOULD BE ONE OF THE MAIN BLOCKERS TO 

THE SUCCESS OF A COMMERCIAL MUSSEL HATCHERY. 

 

Cultivated broodstock from farm-grown mussel farms 
Broodstock were normally sourced from rope-grown farmed mussel sites that had been harvested 

and clear for processing through the SSMG factory facility at Sparl, Shetland.  Using these mussels 

gave us the following benefits: 

• These mussels were tested safe for human consumption, therefore, low in known biotoxins. 

• They had been through processing so were generally much cleaner than newly collected 

mussels and had little associated epifauna or macroalgae. 

• We did not incur additional costs of harvesting and collecting. 

However, there were also some disadvantages to using this method of broodstock procurement: 

• The Project Team did not have 

o oversight or influence on harvest location 

o information on broodstock seed source 

o information on single/multiple year-classes 

o knowledge whether mussel lines had been subjected to previous harvesting activity 

and potential ‘shocking’ that might increase their likelihood of prior spawning into 

the sea 

o control over broodstock handling or transport conditions 

• There was no perceived capacity to check spawning readiness across several lines/farms and 

to target/select ‘ripe’ broodstock 

• Mussels are normally harvested at a relatively young age and will have an associated lower 

overall fecundity (in comparison to older, larger mussels) so this may inadvertently select for 

precocious spawning and potentially affect growth. 
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• Although unlikely to have affected spawning, it should be noted that some mussels may 

have been harvested prior to the day of processing and kept on chill overnight, depending 

on availability and demand. 

During early 2018, a few broodstocks were supplied that did not spawn, which was a very different 

pattern to 2017 and attributed to colder seawater temperatures (as discussed in Section 11.2.2  ).  

However, it was much later revealed that a number of these brood had been grown from spat 

originally imported from Ireland which may also have impacted their spawning capacity. 

DIRECT LINKS WITH THE FARMING OPERATIONS AND SCOPE FOR PLANNING AND DISCUSSIONS 

AROUND RELATIVE BROODSTOCK CONDITION (PERCEIVED OR MEASURED) WOULD BE A HELPFUL 

FEATURE IN FUTURE HATCHERY ACTIVITIES.  IT WOULD ALSO BE HELPFUL TO EXPLORE TOXIN 

LEVELS IN FLESH AND POSSIBLY CORRELATE WITH GAMETOGENESIS AND/OR HISTOPATHOLOGY. 

 Mussels from the farm’s ancillary structures (moorings, floats, ropes, etc.) 
Several attempts were made to secure larger sized broodstock, particularly in 2018 when spawning 

performance was poor from factory-sourced broodstock. 

Older mussels are sometimes present on ancillary farm equipment such as mooring ropes or floats 

as these structures are maintained in position over several growing seasons.  Spat can settle on 

these structures at some point prior to the spat collection or grower ropes being added to the farm 

and continue to grow there after the farm is harvested.  There was no clear understanding of the 

year-class, but these stocks had a mixed year-class (as identified by a high variability in size). 

In May 2018, several batches were also sourced from a farm that had droppers with older stock.  

This proved to be quite interesting as a good number of eggs were obtained (~25% of stock spawned 

- 12% females, 13% males; 577 million fertilised eggs) and resulted in the first batch of larvae that 

made it through to settlement size in 2018.  The farmer also commented that his farm-site area was 

also less prone to HABs and closures for biotoxins. 

The major downside to using these older mussels was they had not been through factory processing 

so had to be de-clumped, graded and cleaned by hand.  If the batches were particularly heavily 

fouled these preparations usually took three people several days to complete, storing the animals in 

between on ice. 

A FORUM OR MECHANISM FOR INCREASED DIALOGUE WITH FARMERS WOULD BE A USEFUL 

FEATURE FOR FUTURE HATCHERY ACTIVITIES 

 

 Cultivated stock from mussel farms elsewhere to Shetland 
Again, following the poor spawning performance of Shetland broodstock in early 2018, a sample of 

potential broodstock mussels (3082 individuals) was shipped up to Shetland from Mull (19 May 

2018) via the SSMG processing facility in Bellshill.  The mussels had been harvested earlier that week 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and 
A Hatchery Manual 

 

Section 11 - Hatchery techniques for rearing M. edulis 
  Page 73 

and had been processed.  The sample was sent up to Shetland on a pallet, but the accompanying ice 

had fully melted by the time the mussels arrived.  Several of these mussels were dead, and the 

sample was malodorous. 

Movements of stock need to be done with great care and due consideration of biosecurity to reduce 

risks of potential translocation of invasive species and unwanted mussel variants such as M. 

trossulus or M. trossulus hybrids. 

On opening a sample of live mussels, many were an unusually deep coral colour (Figure 45).  

Spawning % was around average compared to other batches collected from Shetland waters around 

that time (21% spawned, 12% female, 9% male). 

Although the animals were in relatively good spawning condition and 400M eggs were fertilised the 
deformity level appeared to be at a similar rate.  Interestingly some Alexandrium was detected in 
that area too and the shipment (especially the lack of temperature control) may have affected the 
quality of gametes. 
 

FUTURE HATCHERY ACTIVITIES SHOULD INVESTIGATE MECHANISMS FOR TRANSPORTING 

BROODSTOCK 

 

 

Figure 45.  Shipment of a potential mussel broodstock from a mussel farm in Mull, May 2018 

 Importance of cultivating a single batch/class 
Experience showed that it was important not to cultivate overlapping ages of larvae, i.e., not to have 

different batches from different broodstock spawnings and so larvae of different ages in the tank 

room.   Overlapping batches made things more difficult for the operators as adjustment had to be 

made to monitor the larvae behaviour at each of their different stages of development and different 

handling methods were required (choice of grading screens, etc.).  It also reduced the possibility for 
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combining or redistributing larvae across tanks and, possibly most importantly, the additional 

biosecurity risk (mainly the spread of potential Vibrio species). 

 

 Numbers of Broodstock used during the Scottish Shellfish Hatchery Stepping Stone 

Project 
The recorded number of broodstock that were thermally cycled for spawning was 58,795 individuals, 

with a peak of animals being induced during May of each year (Figure 46).  This is, however, an 

underestimate as a detailed record of non-spawning broodstock numbers was not made earlier in 

the project. 

 

 

Figure 46.  Total monthly numbers of broodstock that were subjected to spawning induction 

 

 Spawning rates for broodstock 
As described above (Section 11.2.2 ), the spawning pattern in 2017 was bimodal but in 2018 was a 

single peak (Figure 47). 
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Figure 47. Comparative rates of spawning (combined males and females) observed as % of broodstock batch that spawned 
during spawning induction across production seasons 2017 (black) and 2018 (grey) 

 

Percentage of spawning stock were predominantly Females earlier in the season, but males typically 

spawned until later in the year (Figure 48). 

 

Figure 48.  Average spawning % of males and females from each broodstock batch averaged per month 

 

 Scope for establishing a dedicated broodstock 
There might be some future requirement to hold dedicated broodstock, particularly where families 

are required for selective breeding (Section 11.2.1 ).  Maintaining these would likely involve holding 

them on a sea-site for much of the year as the onshore costs of feeding and husbandry of larger 

numbers of broodstock would be substantial. 
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 Scope for broodstock conditioning and holding 
Based on the unexpected experiences of spawning observed in this project, short term conditioning 

of broodstock through holding them in captivity and feeding them with a source of algae (fresh or 

paste) with an associated gradual increase in temperature over 6-10 weeks is likely to be a future 

requirement for hatchery production of M. edulis.  This conditioning technique is often termed 

“Heat and Treat”, (Kamermans et. al., 2013).  Conditioning was not included in the Scottish Shellfish 

Hatchery Stepping Stone project as conditioning systems were not typically used elsewhere for the 

blue mussel.  However, a preliminary conditioning trial was conducted within the affiliated 

SAICHatch project and is outlined in Section 11.3.2.1 . 

Holding mussel broodstock under a chilled (6 °C) seawater supply and providing them with a 

maintenance algal ration is also a useful technique to maintain their readiness to spawn between 

March and September – “Cold and hold” - and would be a useful second technique to be employed 

by future commercial hatcheries. 

 

Future hatchery work could start with a holding temperature of 9 °C (filtered and 

UV disinfected water) and condition broodstock for approximately 2 weeks. 

Additional infrastructure would be required such as heating technology capable 

of delivering various temperatures (or separate heat pumps for each 

temperature), suitable holding tanks, reservoirs etc., and dosing pumps for 

administering the algal feed 

 Depuration 
Some preliminary storage of potential broodstock in a commercial depuration facility (Shetland 

Mussels Ltd.) produced mussels that gave no growth on TCBS agar (used to indicate abundance of 

Vibrio bacteria) although it was difficult to interpret these results because spawning from that batch 

was also poor. 

Some initial depuration trials were also conducted on scrubbed and sodium hypochlorite treated 

broodstock at the Marine Hatchery, including a comparison of bacterial loading in the homogenised 

soft tissue of broodstock mussels depurated in filtered, UV-treated seawater for 0, 24, 48 and 72h, 

undertaken in conjunction with our SAICHatch project partners at the Institute of Aquaculture in 

Stirling. 

Results from this trial showed that pre-spawning depuration of mussel broodstock significantly 

reduced their overall bacterial burden (as cultured on Marine Agar) and that of presumptive Vibrio 

spp. (cultured on TCBS agar).  There was no significant difference in effectiveness between 24h, 48h 

and 72h depuration treatments and Vibrio sp. bacterial loading of mussel flesh did not reach zero 

within the trial timescale (Figure 49).  However, prior depuration is probably beneficial to the 

spawning process by reducing the number of potential bacteria available to associate with 

subsequent gametes and fertilised embryos.  Results from these depuration trials therefore led to 

using broodstock mussels being depurated in 1 micron filtered, UV treated seawater in the SSP pilot 

hatchery for at least 48h before being subjected to spawning induction protocols in the hatchery. 
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Figure 49.  Mean viable colony forming units (CFU/g tissue) isolated onto (A) Marine Agar (for enumeration of total marine 
bacteria) and (B) TCBS (for enumeration of Vibrio sp. bacteria) and incubated at 15°C for seven days, from homogenised 

soft tissue of blue mussel (Mytilus edulis) broodstock subjected to 0, 24, 48 or72h depuration (n=10).  Error bars represent 
standard deviation of the mean. Key: Yellow indicates sucrose fermenting colonies; Green indicates non-sucrose fermenting 

colonies). 

 

A comparison of the performance of larvae generated from broodstock depurated for either 0, 24 

and 48 hours in May 2018 was inconclusive because there were only small numbers of egg spawned 

and these showed high mortality and ‘drop-out’ by day 11 in all treatments.  Some trials with a 5-day 

depuration indicated some improvement to bacterial levels but it may be that an even longer 

conditioning period would be beneficial (as would be achieved in conditioning, Section 11.2.3.8 ). 

NB: rewatering and depurating mussels is also risky as these conditions may results in spontaneous 

spawning. 

11.2.4 Broodstock transport and overnight storage 
A full spawning trial would typically require around 30 kg of mussels and spawning of 1500-2000 

animals was common on any typical spawning day. 

Initially, the mussels were collected then spawned on the same day.  However, transportation 

distances and subsequent need to pre-clean, disinfect and depurate mussels before spawning made 

this logistically very difficult to organise.  Latterly, broodstock were transported to the hatchery and 

stored in a cool place, out of seawater until required. 

If sourced from the processor, the broodstock would normally be relatively young, clear of fouling 

and already packaged in 5 kg mesh bags.  It was particularly helpful if the provider could comment 

on the mussel’s readiness to spawn prior to collection.  Some guidance was successfully 

communicated to providers as to what basic maturity, size, and cleanliness criteria they needed to 

look for in broodstock mussels, but it was relatively difficult to achieve good communication and 

more effort would be required in this area. 

FUTURE HATCHERY ACTIVITY WOULD BENEFIT FROM BROODSTOCK PROVIDERS HAVING A MORE 

ACTIVE ROLE IN ADVISING AND ASSISTING IN BROODSTOCK SELECTION.  A SHEET DETAILING 
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BROODSTOCK CONDITION COULD BE CIRCULATED TO FARMS SO POTENTIAL PROVIDERS COULD 

CONFIRM IF A HIGH PROPORTION OF MUSSELS WERE IN A SPAWNING-READY CONDITION. 

ADDITIONALLY, MORE INVESTIGATIONS AROUND ENVIRONMENTAL CONDITIONS AND SPAWNING 

READINESS WOULD BE BENEFICIAL.  WHILE FOOD AVAILABILITY IS ALSO IMPORTANT, SEAWATER 

TEMPERATURE PROFILES COULD BE PROVIDED AHEAD OF BROODSTOCK ACQUISITION. 

Broodstock would be transported to the hatchery site in cool boxes, partly for convenience but also 

to help reduce potential temperature fluctuations in the 30-40 min journey back to the Marine 

Hatchery. 

It was important to remind the provider the day before collection and to organise where and when 

the broodstock were to be collected to avoid confusion. 

The broodstock mussels were then typically placed into an insulated harvest bin (600 l, Saeplast) and 

stored dry (because submerging in seawater could stimulate spawning), covered with ice with the 

insulated lid closed.  The mesh bags were usually split open, and mussels spread out to help achieve 

a stable temperature throughout the batch.  The ice treatment was thought to prevent any large 

increase in temperature during transportation; help achieve a greater temperature differential 

during initial thermal shocks and possibly also help to reduce bacterial proliferation. 

When mussels were not sourced from the factory, considerable time was required to remove 

biofouling, clumps, byssus, shells, macroalgae, sea squirts, anemones, crabs, undersized mussels, 

etc.  A heavily fouled (Figure 50) 30kg sample would typically take several man-days to clear by hand 

(see Section 11.2.3.2 ). 

 

Figure 50.  Example of fouled mussels sourced from a farm’s ancillary equipment (moorings, buoys, etc.) 

The cleaning process for these fouled mussels required the use of heavy knives and other tools to 

de-clump, cut away fouling and scrape the mussel’s surface.  A freshwater hose was also required to 

rinse away dirt.  The mussels were returned to ice when not being handled and held there until the 

time of spawning. 

Any mussels that were obviously dead (gaping) or those with broken shells were discarded. 

Following the lack of spawning in early 2018, some preliminary meat yield information was 

investigated but the data were inconclusive because they represented an aggregation of mussels 
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harvested from various places in Shetland rather than a progression of meat yields from mussels 

from broodstock sites. 

FUTURE HATCHERY ACTIVITIES WOULD BENEFIT FROM HAVING OVERSIGHT OF LIKELY 

BROODSTOCK SOURCE AND SOME MONITORING LEADING UP TO THE BROODSTOCK SELECTION, 

WHICH MAY BE AT A DIFFERENT TIME TO A FARM HARVEST 

Extra care is required over biosecurity and broodstock and the associated equipment and staff that 

have contacted the broodstock need to be kept away from larval and algal cultivation areas.  The 

appropriate stock movement record book also needs to be completed, entering the name and site 

location identifier number for the broodstock source. 

11.2.5 Broodstock condition 
Visual assessment of gonad condition (or maturity) can be performed by opening a small sample of 

broodstock mussels and observing the appearance of the gonads (Figure 51), including their size and 

fullness, colour, and texture.   

 

 

Figure 51.  Mature gonads in male (left) and female (right) Mytilus edulis. 

This can be backed up by histological analyses (Figure 52 and Figure 53). 
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Figure 52.  Acini containing spermatozoids in male 
Mytilus edulis gonad. 

Figure 53.  Vitellogenic oocytes in follicles of female 
Mytilus edulis gonad. 

 

Typically, to assess the spawning condition (or maturity) of a group of broodstock, ten 

representative mussels were cut open and their gonads inspected. 

Readiness to spawn could often be identified when gonads were full and plump.  Eggs or sperm 

could be seen exuding from a gonad if it were slashed with a knife and some channels (often 

referred to by the hatchery staff as ‘veins’, but actually nothing to do with blood circulation) could 

be seen running through the gonad.  The channels should have the same colour as the gonad when 

fully ready to spawn, although they were often seen to be transparent. 

When a finger was run between a gonad and the shell to detach it, it could be placed on top of the 

other gonad to look at the overall plumpness of both together. 

A photograph should also be taken and, potentially, a sample (e.g., 20 mussels) frozen for future 

analysis in case this was required later. 

Figure 54 to Figure 57 illustrate the simple visual scale of mussel maturity employed within the 

Stepping Stone and associated SAICHatch and XELECT/NAFC/SIAC mussel projects (Smiljanič, 2018). 
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Figure 54.  Stage 0 (empty): the mantle contains little gonadal tissue. Sex-determination not possible in earliest stages. 
Mantle is usually very thin and transparent. 

 

 

 

 

 

 

Figure 55.  Stage 1 (early filling): Mantle is quite thin, but some colour is present. However often difficult to determine sex. 
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Figure 56.  Stage 2 (filling): ‘Veins’ or channels can be observed but are usually small. Mantle is quite thick, and sex of an 
animal can be determined.  
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Figure 57.  Stage 3 (mature): This is like Stage 2, but more intense. Gonads are fully ripe. “Veins” or channels are more 
clearly seen. Mantle is thick and when cut eggs or sperm ooze out. Colour is very intense, and it can be easily determined 

whether mussel is female or male (mature females: orange, granular gonads; males: pale gonads, running sperm visible if 
gonad cut). 

Another aspect of broodstock condition to consider is the potential influence of external 

environmental factors such as pollutants or harmful algal blooms.  

It would be important that future hatcheries consider sourcing from areas that 

have low prevalence of HABs reported in the water area broodstock source.   
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11.3 Spawning 
On the day prior to spawning, all required equipment was prepared by washing and then disinfecting 

overnight.  Spawning equipment included: 

• Basins 

• Buckets 

• Plungers to agitate spawning mixture (includes plastic flyswats) 

• Spawning troughs and associated hoses/pipes for seawater supply and trough 

drainage 

• Sieves to place over trough outlets (150 µm) 

• Tubs and fish baskets 

• ‘Kill’ buckets (buckets filled with disinfectant for unused eggs/milt) 

On removing the broodstock mussels from the insulated harvest bin (Section 11.2.4 ), they were 

checked whether any need to be graded or de-clumped.  The mussels were transferred to a fish 

basket, rinsed with freshwater then re-watered in seawater (e.g., in harvest bin) for 30 min, allowing 

them to open and purge their faeces and waste. 

11.3.1 Broodstock disinfection 
The holding water from most of the broodstocks tested showed CFU growth on TCBS agar, indicating 

the presence of potential Vibrio spp, which can be lethal for larval mussels.  Most of the broodstock 

were sourced from the processing facility at Sparl, so it is possible that this was a common 

contributing factor but more likely to be associated with the stock from the wild.  Some success in 

disinfecting the mussels’ exterior shell surfaces was achieved using the following protocol: 

• Fish baskets half-filled with mussels were transferred into freshwater for a minimum of 5 

minutes to make the mussels close their shells tightly. 

• Meanwhile, hatchery staff prepared a 750-ppm sodium hypochlorite solution as follows: 

o 48.5 litres of freshwater were put into a tub large enough to accommodate a ‘fish 

basket’ half-filled with mussels. 

o 242 ml sodium hypochlorite (~14 % active chlorine) was then added to the water 

and mixed. 

• The basket of mussel broodstock was carefully plunged into the sodium hypochlorite 

solution and the mussels were agitated and ‘rumbled’ for 30 seconds (initially 20 seconds 

was tested, but the duration was increased to 30 seconds) before rinsing - dipping and 

rumbling the disinfected mussels into a second tub containing freshwater only.  Both 

solutions were single use, so solutions were prepared fresh again for each subsequent batch 

of broodstock. 

To check that this method of disinfection did not harm the mussels or their subsequent larvae, a 

batch of broodstock mussels from the same source were split into two groups: one which was 
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disinfected with 750ppm sodium hypochlorite and rinsed (as detailed above) whilst the other group 

were dipped, agitated, and rinsed in the same manner but using freshwater only.  After the two 

treatments of mussels were transferred into separate spawning troughs and thermally cycled 

(Section 11.3.2 ), there was no clear difference in the timing or amount of induced spawning 

between the two groups of mussels.  In addition, the survival of larvae resulting from disinfected and 

freshwater-treated parents showed no clear difference after 5 days post fertilisation.  So, the 

disinfection procedure described above did not appear to harm the soft tissue of the broodstock, 

providing their shells were tightly closed beforehand. 

To reduce the Vibrio bacterial loading of adult mussels being transferred from the wild environment 

to the hatchery as broodstock, replicated trials were also undertaken within the affiliated SAICHatch 

project to (a) compare the efficacy of different methods of broodstock shell cleansing and 

disinfection, including exposure to a 750ppm sodium hypochlorite solution and (b) investigate the 

effect of ‘re-watering’ mussel broodstock prior to spawning. 

(a) Comparison of Methods of Disinfecting Mussels’ Exterior Surfaces Prior to Spawning: 

Method: After the collection of mussel broodstock, circa. 50 broodstock mussels were stored in a 

fridge overnight (~ 4°C) before splitting them into three groups, each of which were subjected to one 

of the following three treatments prior to spawning induction: 

(a) FW treatment: broodstock mussels were rinsed under running tap water. 

(b) SCRUB treatment: surface of broodstock mussel shells were scrubbed in running freshwater. 

(c) SCRUB + CHLOR: adult mussels scrubbed under running tap water followed by 20 second 

immersion in 750 ppm active Chlorine aqueous solution before removal and rinsing under tap water 

to remove the bleach. 

 
Individual adult mussels were then put into separate 1L glass beakers containing 500ml sterilised 

seawater (that is: 1 micron filtered, UV-treated, autoclaved at 121psi for 30 minutes and 

acclimatised to temperature of the tank room) and left undisturbed for 1h 30mins before 

broodstock holding seawater samples were taken for five individual mussels per treatment.  Each 

TCBS plate (for Vibrio sp.) was marked into three portions (see Figure 58) and replicate 100µl 

aliquots of seawater per individual mussel were streaked into each third before incubation at 27oC.  

Each plate’s total bacteria colonies were counted each day for 3 days with triplicate counts being 

summed per plate. 

Results and Discussion: Rinsing the mussel broodstock under tap-water alone gave better Vibrio 

inhibition than scrubbing the broodstock in terms of number of bacterial colonies (CFUs), but not as 

well as the chlorine treatment (Figure 58 a, b, and c, respectively).  It is likely that scrubbing with a 

brush spreads Vibrio from mussel to mussel, making bacterial infection worse.  There was marked 

inhibition of Vibrio sp. growth on TCBS plates in four out of five chlorine treatment replicates, with 

three plates showing no Vibrio growth at all (e.g., Figure 58c).  Figure 59 illustrates the Trial’s holding 

water incubation results graphically over the three days of TCBS plate incubation.  Except for one 

‘outlier’ Day 3 incubation plate from the SCRUB + CHLOR treatment, the inhibition of Vibrio growth 

was markedly inhibited by the FW and SCRUB+CHLOR treatments.  (NOTE: This outlier plate 
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developed many tiny colonies on Day 3 that were later visually identified by Dr S. McMillan (IoA, 

Stirling University) as potential yeast colonies, rather than Vibrio bacteria). 

 

 

 

Figure 58. Representative examples of NAFC’s TCBS agar plates from Trial 1 that had been incubated for 3 days at 27 oC 
following inoculation with mussel-broodstock holding seawater (triplicate 300 µl streaks per plate) after the external 

surfaces of the individual adult mussels had been disinfected with either: (a) running under tap water; (b) scrubbed in tap 
water or (c) scrubbed in tap water and immersed in weak chlorine solution and rinsed in tap water prior to spawning. 

 
 

 
 

Figure 59. Numbers of colony-forming units (CFU) on TCBS agar plates inoculated with seawater in which broodstock 
mussels had been held for 2h following three different types of cleansing treatment. CFUs were counted after 26h, 42h and 
67h incubation at 27oC. Key: FW: adult mussels rinsed under running tap water before spawning induction; SCRUB: adult 

a 

c 

b 
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mussels scrubbed with a brush under running tap-water before spawning induction; SCUB + CHLOR: prior to spawning 
induction, adult mussels scrubbed under running tap water followed by 20 second immersion in 750ppm active Chlorine 

aqueous solution before removal and rinsing under tap water to remove bleach. Error bars = Standard deviation of mean 
Colony-forming Units or CFU (n=5). One agar plate/mussel. 300µl broodstock seawater inoculated per plate, added as 3 x 

100µl aliquots (each plate divided into third portions, then triplicate counts summed). 

 

(b)  Investigation of the Effect of ‘Re-Watering’ Mussel Broodstock prior to Spawning: 

The aim of this trial was to ascertain if allowing mussels to open their shells in seawater, respire and 

expel stored waste products for 30 minutes prior to moving them to clean seawater for spawning 

induction would help to reduce their initial bacterial loading. 

Method: After collection of mussel broodstock from Brae shellfish processing factory, circa. 50 

broodstock mussels were stored in fridge overnight before splitting into two groups: 

(a) Control: individual adult mussels were put into separate glass beakers containing 500ml sterile 

seawater and left undisturbed for 1h 30mins before broodstock holding seawater samples were 

plated for five individual mussels using TCBS medium (for Vibrio sp. growth) and incubated at 27oC. 

Bacteria colonies were counted each day for 3 days. 

(b) Re-watered: individual adult broodstock were put into separate glass beakers containing 500ml 

sterile seawater for 30mins (to allow them time to open and eject faeces), then each mussel was 

transferred to another separate glass beaker containing 500ml sterile seawater for another 1 hour 

before broodstock holding seawater samples were plated for five individual mussels using TCBS 

medium (for Vibrio sp.) and incubated at 27oC.  Bacteria colonies were counted each day for 3 days. 

 

Results & Discussion: There was significant inhibition of Vibrio growth in mussel holding water from 

the re-watered treatment compared to the control samples (Figure 60) and this method of re-

watering mussel broodstocks was routinely adopted within the Stepping Stone project. 
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Figure 60. Numbers of colony-forming units (CFU) on TCBS agar plates streaked with seawater in which broodstock mussels 
had been held following either a change of seawater after they had purged faecal material (Re-Watered Treatment), or no 
seawater change following purging of faecal material (Control).  CFUs were counted after 24h, 48h and 72h incubation at 

27oC. Error bars = Standard deviation of mean CFU (n=5). One plate/mussel.100µl broodstock seawater inoculated per plate 
in 3 x 35µl aliquots (each plate divided into third portions, then triplicate counts summed). 

 

11.3.2 Spawning induction 
Broodstock disinfection (Section 11.3.1 ) was followed by spawning induction using the following 

protocol, refined over the duration of the project: 

• The spawning troughs were filled with warmed seawater (20 – 25 °C, ensuring the mussels’ 

change in water temperature was no more than 10 °C above ambient seawater 

temperatures. 

• The disinfected mussels were transferred into the spawning troughs of warmed seawater 

and given time to ‘relax’, sink to the bottom of the trough and open their shells for 

respiration. 

• Any mussels that were still floating after a short time had elapsed were removed since this 

was usually caused by a cracked shell preventing the mussels from opening to dispel trapped 

air.   

• Unless very ripe, the broodstock did not usually begin to spawn at this first re-watering and 

it was common to let the animals purge in this spawning trough, drain the trough, rinsing it 

with freshwater before refilling with seawater (rewatering as per Section 11.3.1 ). 

Sometimes, the mussels were transferred to a second, clean and disinfected trough after 

this initial re-watering to help improve biosecurity. 
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• In a later modification of the above technique, broodstock were first re-watered in the 

spawning trough with cold seawater until they had opened their shells and purged their 

faeces and waste.  After replacing the seawater with freshwater to force them to close their 

shells tightly, the mussel broodstock were then subjected to the sodium hypochlorite bath 

(Section 11.3.1 ).  The spawning trough was thoroughly disinfected and rinsed before reuse 

in spawning induction. 

Several techniques were trialled to facilitate monitoring of spawning.  Arranging mussels in tightly 

packed rows, with the point facing away and hinge to the right-hand side of the operator (Figure 61 

and Figure 62) took time to set up, some staff preferred just to let the broodstock sit randomly in the 

trough. 

 

Figure 61.  Arranging mussels in spawning trough, note sump detail on long edge of trough. 

 

Figure 62.  Spawning Troughs with mussels in air, arranged for spawning. 
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The black colour of the internal surface of the spawning trough provided a contrasting background 

to aid observation of sperm and egg releases. 

Additional stimuli such as bright torchlight shone onto the mussels and vibration and noise, caused 

by banging the trough with the hand, also appeared to help stimulate spawning releases.   

Due to costs and the number of broodstock involved, chemical stimuli such as hydrogen peroxide or 

serotonin were not used.  Some preliminary tests using addition of gametes and microalgae as 

stimuli were undertaken but their effect was not clear at this semi-commercial scale. 

Whenever any mussel showed signs of spawning, they were removed quickly from the trough by 

hand.  Spawning females, identified by their grainy eggs (often orange-pink or yellow, but not 

always, Figure 63) that were usually negatively buoyant, were placed into female-only basins 

containing warmed seawater, to encourage them to continue spawning eggs without them being 

fertilised by males at this point (Figure 64 and Figure 65).  Males, identified by their milky sperm that 

oozed or jetted from the animal (Figure 63), were placed into a jug, and kept dry (out of the water) 

to stop them releasing sperm before there were sufficient spawned eggs ready to be fertilised. 

 

A   

B  

Figure 63.  Examples of spawning males (A) and females (B) M. edulis. 
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Figure 64.  Groups of spawning female M. edulis in basins.  Basin colours help identify different batches. 

 

Figure 65.  Spawning female M. edulis in basin (see yellow eggs). Dark coloured basins help make spawning more apparent. 
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Thermal cycling continued by draining away the warmed seawater from the trough and refilling with 

a cold (ambient) supply of seawater and maintaining the light and vibration additional stimuli and 

close observations.  Spawning induction at this scale and when a good percentage of mussels were 

spawning typically required three staff members to monitor activity throughout the day. 

When broodstock mussels were not fully ready for spawning, these induction techniques had very 

little effect.  Some batches would only begin to spawn later in the afternoon after several hours of 

stimuli – e.g., up to 5 hours of thermal cycling, light, and vibration.  Spawning could take up to 12 

hours and, occasionally, batches of mussels were held dry overnight for repeated spawning on the 

second (and very occasionally the third) day. 

The Marine Hatchery only had access to ambient seawater for the cold cycle of induction but was 

comfortably able to achieve ΔT of up to 10 °C by heating seawater for the warm cycle.   It was 

important to check with other areas of the facility as the heated seawater line was common to the 

larval rearing and some other areas.  Initially thermal cycles were short (30 min) but latterly in the 

project the duration of each cycle was extended, and timings were then made in response to 

observations of mussel spawning behaviour.  If there was no spawning, the water would be 

exchanged perhaps after 30 min.  If spawning was continuing, the current thermal cycle would be 

held until spawning was no longer apparent or else water changed when there was too much sperm 

in the water, obscuring the visual signs of egg release and contributing to unwanted, early 

fertilisation. 

Between each thermal cycle, the mussels were rinsed with freshwater on a ‘gentle shower’ hose 

setting (not a strong water jet).  It was also found beneficial to occasionally leave mussels in a dry 

trough for some time between thermal cycles.  It was noted that animals that opened when dry 

were often close to spawning. 

To help manage a situation when large numbers of males were spawning, the trough would be filled 

to just half-cover the mussels as males will still spawn when there is a lower water level, but this 

helped protect against unwanted early fertilisation of spawned eggs and can be a quick, easy 

method of seeking out and removing the males from the trough into the male-only jug. 

The females continued spawning in basins and samples of eggs were checked periodically in a dimple 

slide under the microscope.  Eggs are pear-shaped when first spawned and needed time to swell and 

become spherical before fertilisation is attempted.  This took approximately 1 hour for spawned 

eggs to go from pear-shape to spherical.  We also found that overcrowding the basins with females 

reduced their spawning activity and female mussels should certainly not be held at a stocking 

density where they become stacked on top of each other in layers. 

An average of 21% of mussels spawned when using this standard thermal cycling technique although 

this varied considerably through the year (Figure 66).  Therefore, it is recommended that a minimum 

of approximately 25 kg of broodstock is acquired per spawning session, which is enough to cover 

three spawning troughs available for the project.  Additional broodstock may be required out with 

peak spawning months. 
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Figure 66.  Average Monthly spawning % of mussel broodstock using standard spawning techniques (various batch sizes) 

All equipment, the spawning room and surrounding areas, PPE and personnel were thoroughly 

cleaned and disinfected after a spawning day and kept away from larviculture and algal cultivation 

areas. 

 

Preliminary broodstock conditioning trials 
It is possible to artificially modify the ripening of bivalve gonads in the hatchery by providing food 

and optimal environmental conditions (e.g., Helm & Bourne, 2004; Pronker et al., 2007; Alessandro 

Laudicella (SAMS), pers. comm., 2018).  A preliminary trial of this technique was undertaken within 

the affiliated SAICHatch project to explore conditioning broodstock out-of-season from October to 

December 2018 and generated very promising results.  For example, Figure 67 compared the winter 

baseline maturity index of only 1.4 in all broodstock groups in October with the enhanced maturity 

indices in broodstocks maintained on long daylength and ambient temperatures until December.  

Unfed hatchery broodstock showed large variation in gonad maturity, but hatchery broodstocks fed 

a commercially available algal concentrate (Shellfish Diet 1800® Instant Algae, Reed Mariculture) 

showed more consistent gonad enhancement.  Interestingly, there appeared little difference 

between broodstock fed the feed supplier’s recommended ration (F2) compared with those 

broodstock fed only half this ration (F1). By the final sampling in December, there was significant 

enhancement of gonads in both the fed hatchery broodstocks (F1 and F2) compared with the 

broodstock suspended at sea in ambient conditions (Sea). 
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Figure 67.  Comparison of mean Histological Maturity Indices** for the baseline broodstock transported into the hatchery 
at the start of the conditioning trial, 18/10/2018) and those of the four treatment groups at the end of the trial, 62 days 
later (22/12/2018).  Error bars indicate the standard deviation of the mean (n=20).  Key: Unfed: kept in hatchery but not 

fed; F1: kept in hatchery and fed half-dose of algal concentrate; F2: kept in hatchery and fed full dose of algal concentrate; 
Sea: suspended in the sea in a mesh bag from Scalloway pier. ** Σ (number of individuals*maturity value)/Total number of 

individuals in sample), from Delgado + Pérez Camacho (2005). 

After the trial’s final sampling, a spawning induction trial was undertaken with the few remaining 

mussels in each of the separated four treatments: Unfed, Sea, F1 and F2.  No spawn was obtained 

from the Unfed and Sea treatments, while both F1 and F2 treatments generated male and female 

gametes that resulted in good quality fertilized eggs showing 100% fertilization and normal cleavage 

patterns.  They went on to develop into good quality D-larvae with normal swimming patterns two 

days later.  No mortalities or unmetamorphosed trochophores were observed in triplicate 1ml 

samples taken from these Day 2 cultures, indicating 100% D-larval recovery. 

Hatchery mussels that were fed (F1 and F2) carried a significantly greater bacterial burden than 
those maintained unfed in the hatchery or those kept at sea in ambient light and temperature 
conditions Figure 68.  While F2 mussels (full-ration) hosted significantly more total marine bacteria 
than the F1 mussels (half-ration), the trend towards increased CFUs of Vibrio-like bacteria in F2 
mussels was not significantly significant. 
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Figure 68.  Mean viable colony forming units (CFU/g tissue) isolated onto marine agar and TCBS incubated at 15°C for seven 
days, from homogenised blue mussel (Mytilus edulis) broodstock soft tissue with or without feeding. n=6.  Error bars 

represent standard deviation of mean). Key: Unfed: kept unfed in hatchery; F1: kept in hatchery and fed half-ration of algal 
concentrate; F2: kept in hatchery and fed full ration of algal concentrate; SW: suspended in the sea in ambient conditions. 

MA: Marine Agar- growth medium for total marine bacteria; TCBS: growth medium for Vibrio sp. bacteria. 

Considering together the similar effectiveness of gonad conditioning in both F1 and F2 treatments 
and the economic and microbiological advantages of the F1 treatment compared to the F2 
treatment, we suggest that feeding only half the supplier’s recommended dose of algal concentrate 
is probably sufficient and beneficial for gonad conditioning in mussel broodstocks, at least at this 
time of year. 

There was insufficient time to thoroughly test hatchery conditioning of 

broodstock during the Stepping Stone pilot hatchery project and it remains an 

important topic for future trials.  Reducing the timing of conditioning to the 

minimum period would be advantageous in reducing costs and the type and 

amount of algal feeds should also be explored as this may require different 

species as those produced for larvae (e.g., Tetraselmis suecia, Thalassiosira 

pseudonona and Skeletonema costatum). 

 

11.3.3 Egg washing 
Some attempts were made to rinse excess milt from fertilised eggs.  Firstly, eggs that had been 

fertilised were held submerged within a screen fitted with 20 µm mesh and a supply of clean 

seawater added to dilute the sperm, although it was felt the overall survival did not improve.  A 

small tank (approx. 100 litre) with a seawater inflow that overflowed from the tank via a 20 µm 

banjo was also prepared and eggs that had been fertilised for 30 min to 1 hour were jugged across 

and rinsed with a slow seawater exchange (16 °C).  The water did clear somewhat, indicating the 

unused sperm were washed (or diluted) away.  Unfortunately, the banjo filter blocked quickly with 

eggs sticking to the screen and that persisted even with attempts to gently waft the eggs from the 

screen using a plastic flyswat.  It was felt the process risked damaging the eggs seriously and this 

offset any potential benefit of lowered organic loading into the LRT.  It may be possible to improve 

the wash station, perhaps using a larger banjo than the standard size.  It was also difficult to achieve 

the 16 °C water on spawning day as the thermal shocking had required more warm seawater than 
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usual. Washing trials with the fertilised eggs were also unsuccessful: the D larvae had poor mobility 

and there were many trochophores still present at 4 dpf. 

In addition to these preliminary egg-washing trials, further replicated egg-washing trials were 

undertaken in May 2018, using the newly installed mini-LRT replicated trials unit at the NAFC 

hatchery.  Spawning males and spawning females were separated into dry and seawater-filled 

basins, respectively as described above.  When approximately 36 million eggs had been spawned, 

the eggs were mixed and divided into ⅓ and ⅔ aliquots.  Similarly, the milt used for fertilisation was 

mixed and divided into ⅓ and ⅔ aliquots. 

The ⅓ aliquot of eggs was carefully rinsed in a slow flow of clean (1 micron filtered and UV-treated) 
seawater on a submerged 20-micron polyester screen for 40 minutes.  They were then gently 
washed off the screen into a bucket and fertilised with ⅓ aliquot of sperm. 
The ⅔ aliquot of eggs was first fertilised with the ⅔ aliquot of sperm and left for one hour before 
being split into two equal portions: one being rinsed for 40 minutes in a bucket supplied with a slow 
flow of clean seawater and fitted with a banjo filter to retain the eggs.  The remaining portion of 
fertilised eggs was left unwashed as a control. 
 
Nine mini-LRTs were filled to 400L with 1 micron filtered and UV treated seawater at 16oC.  The 
tanks were all static with gentle central aeration.  After ~60 h incubation, larvae from the triplicated 
tanks of eggs washed either before or after fertilisation and those from the unwashed Control 
triplicated tanks were counted and their developmental stage, general appearance and behaviour 
compared under a Motic BA210 microscope (80x and 200x magnification). 
 
Figure 69 illustrates the marked reduction in Vibrio sp. CFUs on TCBS agar plates streaked with 
holding seawater from (A): M. edulis eggs washed after fertilisation as opposed to (B): M. edulis eggs 
washed before fertilisation and (C): Control, unwashed fertilised M. edulis eggs. 
 

 
Figure 69. TCBS agar plates streaked with holding seawater from (A): M. edulis eggs washed after fertilisation, (B): M. 

edulis eggs washed after fertilisation and (C): Control, unwashed fertilised M. edulis eggs. Washing eggs after fertilisation 
noticeably reduced Vibrio sp. CFUs compared to those washed before fertilisation and the control group of unwashed eggs. 

Figure 70 details the very poor % D-larval recoveries achieved in both the treatments and control in 
this trial with many poor-quality trochophores still present after ~60h incubation.  Since subsequent 
mini-LRT trials using good quality mussel eggs and employing similar rearing protocols routinely gave 
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% D-larval recovery rates of >90%, the low recovery rates in this trial strongly indicates poor initial 
egg quality from the broodstock.  This may have compromised the validity of this trial’s results. 
 
However, there seems to be no advantage in washing eggs before or after fertilisation (Figure 70).  In 
fact, washed eggs appeared to show greater physical damage and poor embryo development 
compared to the control eggs, particularly in two of the replicates that were washed before 
fertilisation.  This washing trial was repeated during the next routine induced spawning but yielded 
similar poor results.  The practice of washing eggs was therefore abandoned as a means of reducing 
bacterial loading of embryos and was not transferred to the Scottish Shellfish Hatchery Stepping 
Stone routine protocols. 
 

 

Figure 70. Comparison of percentage D-larval recovery from Trial 7’s unwashed mussel eggs (Control), those eggs washed 
before fertilisation (Treatment 1) and those washed after fertilisation (Treatment 2). (n=3). 

 

11.3.4 Spawning success 
Interpretation of spawning successes is difficult.  It is important to note that the broodstock that 

were spawned were from various locations and the majority were sourced direct from farms that 

were undergoing harvesting.  The data (Figure 71) should not be interpreted as that of a single batch 

or a single location of mussels.  Also, when the hatchery had sufficient egg stocks, spawning was 

discontinued, reflecting eggs were not required at that time and to bring in mussels for spawning 

would impact biosecurity.  Although a useful indicator, a drop in egg abundance or incubation 

numbers may not necessarily reflect the spawning characteristics of the mussels but perhaps instead 

the needs and management practices at the hatchery at that time. 
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Figure 71.  Mussel spawning (lines) % of batch spawned per month, and total numbers of eggs incubated (bars) 

There was some ability to spawn wild-sourced mussels prior to May but these tended to yield very 

few eggs.  Egg numbers were particularly low during 2018 until May (Figure 71). 

With repeated fails in spawning successes in 2018, it was thought that meat yield data collected by 

the processor (SSMG) may indicate any changes in overall weight, which would likely indicate 

increase in gonadal weight.  This would need further investigation but for Shetland stocks there 

appeared to be a delay in readiness to spawn.  There was a subtle increase in mean meat yield 

between April and May was more noticeable in wet weight % (39 % and 42% respectively, Figure 72) 

and that might indicate an increased gonadal size.  This accompanied an observed increase in 

spawning during May.  However, the peak meat yield was recorded in July-August (50% and 48% 

respectively), which came after the peak spawning of May-June during the two seasons observed. 
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Figure 72.  Changes in mussel meat yield (%) in Shetland harvested stocks for April 2017-April 2018 and indication of egg 
availability as characterised by incubation of spawned eggs produced and incubated in Larval Rearing Tank (average of 

2017 and 2018 spawning seasons) 

ASSUMING FUTURE ACCESS TO MEAT YIELD INFORMATION, FUTURE HATCHERY WORK SHOULD 

EXPLORE FURTHER THE RELATIONSHIP BETWEEN MEAT YIELD AND SPAWNING SUCCESSES AS IT 

MAY PROVIDE AN INSIGHT INTO THE WILD POPULATION’S READINESS TO SPAWN, WHICH WOULD 

BE USEFUL INFORMATION FOR ANY SHIFTS IN THE TIMING OF SPAWNING SEASONS AND LARVAL 

AVAILABILITY. 

On days where broodstocks from different sources were spawned side-by-side and using identical 

protocols, there was often a marked difference in spawning percentage and egg quantity, likely 

indicating different readiness to spawn. 

11.3.5 Disposal of broodstocks 
In line with the Marine Hatchery Biosecurity Measures Plan all broodstock were treated as biological 

waste, double bagged, and disposed of by incineration (Figure 47).  Batches were often stored in a 

chest freezer until disposal. 
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Figure 73.  Broodstock mussels post spawning, treated as biological waste 

11.4 Fertilisation 
Once females appeared to have spawned enough eggs and these were ready for fertilisation (i.e., 

egg shape was round and uniform), they were first checked whether any eggs already showed signs 

of cleavage.  Fertilisation rate can be affected by the state of the eggs – especially the stage of 

maturation or hardness.  As the eggs are naturally spawned (not strip spawned), they need to be of 

sufficient quality to achieve reasonable fertilisation rates.  Allowing additional time for eggs to 

harden in the basins significantly increased fertilisation rates. 

Microscope checks for cleavage indicated whether the eggs have been previously fertilised either in 

the spawning trough or accidentally if a male has been included in the female spawning basin(s).  We 

also checked samples of sea water in the holding basin under the microscope for the presence of 

sperm. 

Female mussels were then counted out of their basin and a running total of the number of spawning 

individuals kept.  Females were transferred to another basin similarly filled with warm seawater.  It 

was important to tip any water from out of the shell as they likely contained eggs. 

A large clean bucket (e.g., 40 l) was prepared by adding some filtered seawater (e.g., 10 cm deep) at 

the incubation temperature of 16 °C.  Each basin of spawned eggs was gently passed through a 73 

µm screen into the bucket, and any remaining eggs were gently rinsed through the mesh with 

seawater from jug or seawater hose with slow flow.  Care was taken not to force faeces and gonad 

tissue through the mesh into the bucket. 
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At this point, several males were selected and counted into a jug and were covered with seawater.  

The males were then allowed to spawn for a short time (several minutes) then the pooled 

seawater/milt solution was transferred into a clean beaker through a 73 µm screen to screen 

biological material such as faeces or gonad.  Two 100 µl samples were taken on Sedgewick rafting 

chambers and examined under the microscope for sperm activity.  Sperm should be vigorously 

motile. 

A small splash of the milt mixture was added from the beaker to the eggs. 

An initial egg:sperm ratio of 6-10:1 was initially used (Figure 74) but, latterly, a lower ratio of 1-3:1 

was successful at achieving fertilisation and was considered helpful in reducing organic loading at 

the egg incubation stage and hopefully reducing bacterial proliferation. 

 

 

Figure 74.  M. edulis egg with several sperm attached. 

The fertilisation envelope is a light-coloured perimeter to the egg, and this precedes the expulsion of 

the first polar body (Figure 75).  After about 20-30 mins, if fewer than 10 % eggs showed signs of 

fertilisation (indicated by the appearance of the fertilisation envelope and first polar body) then 

additional freshly spawned sperm could be added from a new batch of males.   
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Figure 75.  Fertilised M. edulis egg displaying fertilisation envelope and first polar body. 

 

Once the required fertilisation ratio (eggs:sperm) was achieved the bucket was topped up with 

seawater (16 °C) to known volume and mixed.  A plunger was often used for gentle mixing of large 

volumes (Figure 76), trailing the edge of the plunger down the side of the bucket, and not contacting 

the bottom of the bucket to reduce the numbers of eggs physically damaged by the plunger.  It was 

found that a plastic fly-swot was a useful tool to mix smaller volumes of eggs of fertilisation mixtures 

(Figure 77). 

 

 

Figure 76.  Fertilising M. edulis eggs and using a plunger to gently agitate mixtures of sperm and eggs 
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Figure 77.  Various plastic fly swots used to agitate small volumes during fertilisation and other tasks 

Two 100 µl samples were removed from the thoroughly mixed and known-volume bucket and 

pipetted to a Sedgewick rafting chamber (Figure 78).  The eggs were counted and an average of the 

two samples used to estimate egg number in the bucket. 
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Figure 78. First cell division of M. edulis egg. 

 

The fertilisation mix was then left for a minimum of 45 minutes until most eggs were fertilised (with 

evident polar bodies) before transferring to the LRT.  During this time, the mixture would be 

occasionally and gently plunged. Since the embryos are probably more fragile once cell division 

begins (Figure 78), ideally the embryos should be transferred to the LRT before this starts. 

The two 100 µl samples were retained on the bench and their percentage fertilisation checked 

approximately 1-hour post fertilisation.  Percentage fertilisation was recorded on the Daily Record 

Sheet (Appendix 12).  Day of fertilisation was day 0 (d0). 

 

11.4.1 Production of triploid mussel stocks 
Although not tested in this project, workers at Bideford Shellfish, Prince Edward Island (Jeff 

Davidson, pers. comm.) have recently trialled production of triploid stocks of mussels at a 

commercial oyster hatchery.  The resultant triploid mussels were grown past settlement stage and 

demonstrated byssal thread attachment and good growth rates.  Larviculture was reported as the 

most difficult and critical period of the cultivation process, strict hygiene measures, careful handling 

and careful calculations were required to improve chances of larviculture success. 

FUTURE HATCHERY WORK SHOULD CONSIDER THE RELATIVE BENEFITS AND MARKET ACCEPTANCE 

OF TRIPLOID MUSSELS AS IT MAY BE A WAY TO INCREASE FARM YIELDS ALTHOUGH IF THE STOCKS 

WERE NON-SPAWNING THE TRIPLOID MUSSELS MAY IMPACT AVAILABILITY OF WILD SEED IF 

SEED SOURCES ARE PREDOMINANTLY FROM NEIGHBOURING FARMS. 

11.5 Egg and larval incubation in the LRT 

11.5.1 Preparation of the larval rearing tank (LRT) – cleaning protocol 
The LRT is a confined space and so is included on the NAFC Marine Centre Confined Space Register.  

Therefore, three days prior to spawning, arrangements were made with the Health and Safety 
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Compliance Officer for a signed ‘Permit to Work’ to be in place before any LRT cleaning or setup 

work was undertaken. 

In compliance with the relevant risk assessment, the side access hatch and top inspection hatches of 

the LRT were opened fully, appropriate PPE worn, and a second member of staff notified that LRT 

cleaning work was commencing.  At agreed and frequent time intervals, the second person would 

check on whoever was assigned to clean the LRT to ensure they were safe. 

Before entering through the access hatch, footwear and waterproof PPE were rinsed carefully to 

avoid bringing any grit or dirt into the tank. 

All the LRT internal surfaces were cleaned thoroughly.  Firstly, all areas were rinsed with a 

freshwater hose jet, ensuring the water could freely drain with the outlet valve set in its fully open 

position.  Secondly, sodium hypochlorite disinfectant (400 ml TopazCL1 in 20-litres cold freshwater) 

was applied with the outlet valve in the closed position to collect disinfectant as it ran towards the 

outlet pipe and sump.   Various sponges, cloths, bottle brushes with stainless steel push-pull cable 

and a long-handled brush with a cleaning pad were required to clean all the internal surfaces, 

airlines, outflow bung and rope, the access hatches, sump, and all pipework connected to the outlet 

valve. 

The disinfectant was allowed a contact time of at least twenty minutes.  It was then rinsed off with 

freshwater and a second coating of disinfectant reapplied to all surfaces and tank equipment.  The 

disinfectant was again left for a minimum of twenty minutes, or better still, the disinfectant was left 

wet on surfaces overnight. 

When required, all surfaces and tank equipment were rinsed thoroughly using a freshwater hose and 

with the drain left in the open position, the disinfectant was drained from the LRT.  To ensure there 

was no residual disinfectant in the sump and drainage pipework it was important to fill the outlet 

pipe and sump several times with freshwater, dumping the water between each fill.  To do this the 

drain valve was closed and the LRT partially filled with freshwater. 

The aeration hose was reassembled and set so the weighted open end was approximately one meter 

above the tank floor and positioned approximately in the centre of the LRT tank. 

11.5.2 Preparation of the larval rearing tank (LRT) – filling protocol 
Since the LRT tank was outdoors (Figure 79), it was more convenient that seawater filling was done 

through a flexible hose and not from a permanently fixed pipe seawater supply.  While filling the 

LRT, the hose was tied in place to the step ladder and to the inspection hatch, this prevented the 

hose dropping to the ground and from contacting the water.  The flexible hose also meant the pipe 

could be coiled into a bath for complete disinfection. 

New bag filters (Section 8.14 ) were added to the seawater supply before commencing the seawater 

fill of the LRT.  The LRT needed to be full of seawater (i.e., with seawater beginning to overflow at 

overflow pipe) on the day prior to spawning (or at least a minimum of 3-4 hours before stocking with 

fertilised eggs).  To achieve this, it was common to start filling the LRT two days prior to spawning.  

Care was taken not fill the LRT too early as there was concerns this may allow for early bacterial 

blooms and the potential for these to assault and cause larval deformities.  Adding a flow meter to 

the seawater fill hose helped to define a suitable fill rate that allowed the LRT to fill and avoided 

overflows (and so no wasting of heated seawater). 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and 
A Hatchery Manual 

 

Section 11 - Hatchery techniques for rearing M. edulis 
  Page 106 

It was important to liaise with all the hatchery team before filling the LRT with seawater because the 

additional water demand could affect seawater availability and temperatures elsewhere in the 

hatchery.  Availability and temperature were rebalanced by adjusting the heater settings (Section 

8.16 ) and pipeline pressure (Section 8.13 ). 

 

 

 

 

Figure 79.  Larval Rearing Tank (LRT).  Note: construction from GRP, double walled and insulated.  Tank located outdoors.  
Side and top access hatch, blockwork platform and outlet valve. 

The side access hatch panel was reset once the seawater fill had started.  Before replacing, the panel 

and gasket were checked to ensure they were undamaged, clean, and free from disinfectant.  The 
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access hatch was sealed, and bolts tightened evenly using a torque spanner to 56N/m.  It was 

important not to use any lubrication on the bolts so to avoid a source of potential contamination. 

High aeration was applied throughout the seawater fill to drive off any potential supersaturation and 

achieve good mixing. 

 Addition of EDTA to culture water 
EDTA-Na2 was added to the incubation water since it does not harm the eggs/larvae and would help 

chelate metal ions.  The final dose rate for EDTA-Na2 was 1 g/m3 in seawater (i.e., 18.7 g in our LRT).  

An aqueous solution was initially prepared by dissolving the EDTA-Na2 in hot freshwater before 

adding it into the LRT.  Vigorous aeration within the tank was continued to help dissolve and mix in 

the EDTA-Na2. 

 Modifications to LRT tank and LRT operations during the project 
Several modifications were made to the LRT during the project.  An overflow pipe was added to the 

LRT, so the tank filled to a known volume only and the seawater did not contact the tank roof. 

The LRT’s gently sloping tank floor originally had a small central sump (approx. 30 cm x 10 cm).  Since 

fertilised M. edulis eggs are negatively buoyant, they would drop from the surface waters towards 

the tank floor and settle on the tank floor before hatching (this is one of the reasons why it is 

beneficial to have a large bottom surface area).  It may have been more appropriate for the LRT to 

have a completely flat bottom.  Some remedial work was carried out on the LRT by the tank 

manufacturer (Shetland Composites) ahead of the 2018 season.  The small sump was filled and some 

of the slope in the floor at the centre of the tank was removed.  Instead, a 50 mm outlet was fitted 

and a 2”-1” rubber reducer plug with a short 1” stub stand pipe was added to produce a small 

internal standpipe with a height of approximately 15 cm up from the tank floor. 

The stub pipe also helped to prevent settled eggs from dropping into the outlet pipework and it 

helped to exclude material that had settled on the tank floor such as deformed or dead eggs or 

larvae or unhatched eggs during the drop (Section 11.6 ).  Although this narrowed outlet (1” 

diameter) reduced the maximum rate of the drop, the speed of drop was similar to the drop rate 

used previously (which was achieved by partially opening the outlet ball valve). 

11.5.3 LRT aeration 
A gentle air supply was provided to LRT water column at roughly the centre of the tank and via an 

open-ended airline hose that was suspended approximately 1m above the tank floor.  Aeration 

helped embryos to be maintained in the water column to reduce the potential risk of animals 

lingering at/on the tank floor. 

A ‘drop-out’ of eggs/larvae was sometimes observed on the tank floor below the air supply. 

 

11.5.4 LRT water temperature 
Fertilised eggs and trochophores were typically incubated for two days at 16 °C.  Preliminary results 

did not show any benefit from extending incubation to three days. 

If ambient air-temperatures were significantly lower, a slightly warmer (e.g., 17.5°C) supply of 

seawater was sometimes used so the water temperature was at 16 °C at the start of incubation. 
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FUTURE HATCHERY WORK WOULD BENEFIT FROM EXPLORING A DAY DEGREE TIME TO D-

LARVAE FORMATION AND TO DETERMINE IF THERE WAS ANY BENEFIT FROM INCREASING 

OR DECREASING INCUBATION TIME AND/OR INCUBATION TEMPERATURE. 

11.5.5 Transfer of fertilised eggs to the LRT 
Fertilised eggs (Section 11.4 ) were carried to the top of the step ladder by bucket and transferred 

carefully into the LRT via the top access hatch by jugging them direct to the water surface (rather 

than pouring them). 

If weather permitted, the top hatch was left open to provide some daylight to the tanks and 

potentially encourage trochophores to remain higher in the water column.   

The largest number of eggs were incubated during May of 2017 and 2018 (Figure 80). 

 

Figure 80.  Total fertilised eggs incubated in LRT per month for each of the two seasons (2017 and 2018) 

 

11.5.6 Microbial levels 
Elevated microbial levels had a higher risk of negatively impacting culture successes, and specifically 

the likelihood of vibriosis (Figure 81). 
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Figure 81.  Example of larvae with fouling on the shell (probably bacteria) and ‘liquification’ of internal structures attributed 
to vibriosis 

Healthy mussel larval cultures usually had an associated lower bacterial level.  Throughout this 

project, it was aimed to have maximum CFUs lower than: 

• 1 million CFU/ml of total marine bacteria on Marine Agar 

• 10,000 CFU/ml of Vibrio bacteria with yellow colonies on TCBS Agar (but aiming for less than 

1000CFU/ml) 

• 1000 CFU/ml for Vibrio bacteria with blue-green colonies on TCBS Agar (but aiming for 0 

CFU/ml) 

If further stressors such as high ammonia, poor quality algae, etc. were present it was considered 

these maximum levels would need to be downscaled. 

 Microbial levels in the LRT 
On a spawning day, a sample of seawater was collected from the filled LRT into an autoclaved test-

tube by quickly dipping a test tube into the seawater from the upper inspection hatch and 

stoppering the tube.  After the fertilised eggs had been transferred to the LRT, a further water 

samples were also taken from the water surface.  The samples were transferred to a test-tube rack 

on ice as it was not always convenient to sample to agar plates immediately after collection. 

100 µl samples were then plated to Marine Agar and TCBS under a laminar flow cabinet using aseptic 

technique.  Inoculated plates were incubated for 72 h at about 21-27 °C before CFUs were counted 

and recorded. 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and 
A Hatchery Manual 

 

Section 11 - Hatchery techniques for rearing M. edulis 
  Page 110 

Because of the water filtration and UV disinfection, it was expected that few CFUs would be present 

in the culture water.  A maximum of 2-3 colonies on Marine Agar and none on TCBS was desired.  

This was usually the case (Figure 82). 

It was common to find increased bacterial levels in the LRT culture water numbers (MA and TCBS 

agars) following addition of the fertilised eggs.  (Figure 82). 

 

Figure 82.  CFU’s per ml of each media type shown for each time point within the LRT (0 = before addition of embryos 
(n=22), 1 = 1 dpf (n=43), 2 = 2 dpf (n=34), 3 = 3 dpf). 

It is not clear whether this increase in general marine bacteria and potential Vibrio sp. are a cause, or 

a result, of larval mortalities. 

Any CFU’s that are above 50% of the maximum threshold values (Section 11.5.6 ) are likely to have a 

significant detrimental impact upon larval survival.  As can be seen in Figure 82, potential Vibrio sp. 

were approximately 15,000 CFU/ml so typically levels exceeded the maximum desired threshold by 

50%. 

Plating of fertilisation mixtures directly to TCBS agar (i.e., not from the culture water) showed high 

levels of potential Vibrio sp. CFUs, indicating their association with egg/sperm (and so likely to have 

been transmitted vertically from broodstocks). 
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11.5.7 Water quality during egg and trochophore incubation in the LRT 
Within the affiliated SAICHatch project, temporal changes in seawater concentrations of ammonium, 

phosphate, silicate, and total organic nitrogen concentrations were measured, respectively, at three 

different water-depths in the LRT and at different time points during incubation of the embryos. 

As might be expected, following addition of 280 million mussel embryos, mean micromolar 

concentrations of ammonium (total NH4
+ + NH3) increased significantly at all water depths over the 

48h incubation period from about 0.72 µM to 1.4 µM (Figure 83).  However, since Kennedy et al. 

(2017) reported a 50% effect concentration (EC50) of 0.14 to 0.18mg/L unionized ammonia for 

Mytilus edulis embryos and larvae (that is: an EC50 of 8.221 µM to 10.57 µM unionized ammonia), 

the ammonium concentrations measured in the LRT at the NAFC hatchery remained at a very low 

level at all time points and water depths during incubation.  There was no significant difference in 

ammonium concentrations between water depths after 48h. 

 

Figure 83.  Temporal changes in seawater concentrations of ammonium (µM) at three water depths within the NAFC 
Marine Hatchery’s 19m3 LRT incubation tank and at three time points during the egg and larval incubation period (0h, 18h 
and 36h following addition of mussel embryos to the tank). Error bars = standard deviation of mean concentrations (n=3). 

Similarly, there was no significant difference in the mean concentration of phosphate in the LRT over 

time or water depth throughout the 48h incubation period (Figure 84) and, although there was a 

trend for mean silicate concentrations to decrease over time, this was not statistically significant 

(Figure 85). 
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Figure 84.  Temporal changes in seawater concentrations of phosphate (µM) at three water depths within the NAFC Marine 
Hatchery’s 19m3 LRT incubation tank and at three time points during the egg and larval incubation period (0h, 18h and 36h 

following addition of mussel embryos to the tank).  Error bars = standard deviation of mean concentrations (n=3). 

 

 
Figure 85. Temporal changes in seawater concentrations of silicate (µM) at three water depths within the NAFC Marine 

Hatchery’s 19m3 LRT incubation tank and at three time points during the egg and larval incubation period (0h, 18h and 36h 
following addition of mussel embryos to the tank).  Error bars = standard deviation of mean concentrations (n=3). 

Total organic nitrogen (TON) is made up of dissolved organic nitrogen (DON) and particulate organic 

nitrogen (PON).  DON consists of ‘a variety of organic molecules and compounds, ranging from small 

molecules like urea and amino acids, to peptides and proteins, but also include viruses and small 

bacteria’ (Jørgensen, 2009).  PON is defined as dead organic matter and living organisms that are 

larger than 0.2 μm (Jørgensen, 2009).  DON concentrations in our 0.2µm pre-filtered seawater 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and 
A Hatchery Manual 

 

Section 11 - Hatchery techniques for rearing M. edulis 
  Page 113 

samples from the incubation tank showed a small but significant increase in the 24h and 48h 

seawater samples compared to initial intake seawater levels, prior to mussel egg addition (0h).  

However, there was no further increase in seawater DON levels between the 24h and 48h samples. 

(Figure 86).  We were advised that our DON levels remained well within safe limits (A. Hughes, 

Senior Lecturer SAMS – pers. comm.) 

 

 
Figure 86. Temporal changes in seawater concentrations of Dissolved Organic Nitrogen (µM) at three water depths within 

the NAFC Marine Hatchery’s 19m3 LRT incubation tank and at three time points during the egg and larval incubation period 
(0h, 18h and 36h following addition of mussel embryos to the tank).  Error bars = standard deviation of mean 

concentrations (n=3). 

 

11.5.8 LRT stocking densities 
The LRT was commonly stocked with 200-300 million fertilised eggs (Figure 87). 

 

Figure 87.  Monthly average egg stocking rates incubated in LRT 
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Stocking with larger numbers such as 500 million fertilised eggs may be required for a commercial 

hatchery and likely to be satisfactorily accommodated in an LRT but achieving higher egg numbers 

need to be associated with better spawning rates of M. edulis broodstock or significantly increased 

effort. 

FOR FUTURE HATCHERY ACTIVITIES WOULD LIKELY REQUIRE MORE THAN 1 LRT ALTHOUGH 

CONSIDERATION WOULD NEED TO BE GIVEN TO THE ASSOCIATED SCALE OF SPAWNING FACILITIES 

AND LIKELIHOOD OF NECESSARY IMPROVEMENTS (INCREASED) FECUNDITY AND EGG 

QUALITY/SURVIVAL RATES. 

11.5.9 Survival to D-larvae stage (survival during LRT incubation) 
A total of 4.93 billion fertilised eggs were incubated in the LRT over the two production seasons: 

• 2.03 x 109 fertilised eggs in the 2017 season 

• 2.90 x 109 fertilised eggs in the 2018 season 

With the hope of increasing the number of larvae recovered, and where spawned egg numbers 

permitted, a higher stocking density of eggs was implemented in the 2018 season (Figure 88A).  The 

higher density did not appear to have a detrimental effect on % larval return and did result in a 

higher number of larvae to incubate in the IC tanks. 

The highest % larval recovery (or return) from the LRT tank was in batches (yymmdd) 180620 and 

170905 at 77.92% and 60.33% respectively.  Average recovery to D-larvae state was typically around 

40% (Figure 88B). 

 

 

Figure 88.  Comparison of (A) the total number of embryos stocked in the LRT and (B) the % larval return from the LRT on 
the drop day (2 dpf) between seasons 2017 and 2018. 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and 
A Hatchery Manual 

 

Section 11 - Hatchery techniques for rearing M. edulis 
  Page 115 

 

 

Figure 89.  Mean recovery (%) of D-larvae from egg incubation in LRT 

 

11.5.10 Larvae distribution during larval incubation in the LRT 
Obtaining a sample of larvae on day 1 post fertilisation was usually problematic so was not done as 

matter of course.  Water could be collected relatively cleanly from the water surface but often the 

sample needed to be concentrated using a screen.  If trochophore larvae were found, they could be 

counted and observed for uniformity, swimming behaviour and shape (Figure 90). 

 

Figure 90.  Trochophore larvae 

Mussel larval distribution within the LRT tank was assessed during an egg incubation trial 
(commenced 19 March 2018).  Samples were taken at 18h and 36h after addition of fertilised eggs to 
the LRT (0h was the time of adding fertilised eggs to the LRT tank).  Trochophore and D-larvae were 
counted (larvae per ml) in duplicate samples of seawater taken from three water depths in the tank 
at 18h and 36h.  Only trochophore larvae were observed in the 18h seawater samples, and these 
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appeared to be distributed quite evenly throughout the tank which indicates satisfactory circulation 
of the seawater in the tank (Table 5). 
 

Table 5: Larval Distribution in LRT Tank at NAFC Marine Centre (stocked with ~280 million mussel embryos at 20:30 h. on 
19/03/2018) 

 

 20/03/18 (18h) 21/03/18 (36h) 21/03/18 (36h) 

Water 
Depth 

Sample 1 
Trochophore 
larvae/ml 

Sample 2 
Trochophore 
larvae/ml 

Sample 1 
Trochophore 
larvae/ml 

Sample 2 
Trochophore 
larvae/ml 

Sample 1 
D-
larvae/ml 

Sample 2 
D-larvae/ml 

0.5m 5 10 8 12 0 0 

1.5m 6 9 12 7 0 1 

2.5m 4 7 10 7 2-3 3 

 
Trochophore larvae also showed a similarly even distribution in the 36h water samples. 
Metamorphosed D-larvae with their distinctive shells began to be found in the 36h water sample.  D-
larvae were present in the deeper fractions in both sets of duplicate samples probably due to their 
new shells affecting their density. 
 
Temperature and dissolved oxygen were measured in the LRT over the 48h incubation period for 
approximately 60 million mussel embryos in early April 2018 (Table 6).   The data was reassuring 
since as no signs of supersaturation or oxygenation issues were observed throughout the tank’s 
water column and the tank’s seawater retained a temperature of 14oC once the tank was filled with 
pre-heated seawater (18oC), stocked with mussel embryos and the top hatch closed.  (Note, this 
assessment was done in April 2018, so early in the spawning season and when air temperatures 
were cooler, incubation was typically at 16 °C as described above). 
 

 
Table 6: Dissolved Oxygen (DO) in LRT Tank at NAFC Marine Centre (stocked with ~60 million mussel embryos at 19:00 h. on 

03/04/2018) 

 

 03/04/18 
18:00 h. 
(0 h. incubation) 

04/04/18 
11:30 h. 
(16.5 h. incubation) 

05/04/18 
11:50 h. 
(40.5 h. incubation) 

 Temp. (oC) DO (%) Temp. (oC) DO (%) Temp. (oC) DO (%) 

Inlet Seawater 18.1 99.3 ----- ------ ----- ----- 

Water Surface ----- ----- 14.5 97.5 14.3 97.3 

1m depth ----- ----- 14.4 97.6 14.2 98.7 

2m depth ----- ----- 14.4 98.5 14.2 99.3 

2.9m depth ----- ----- 14.4 98.4 14.1 100.0 

 
 

 

11.5.11 Addition of microalgae to static tanks during egg and early larval incubation 
In a preliminary trial where eggs were stocked across four IC tanks (not the LRT) some microalgae 

were added to two of these tanks (approx. 500 ml of microalgae per IC tanks which had a volume of 
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approximately 205 litres).  There were some indications that the resulting larvae incubated with the 

microalgae appeared to have a slightly improved swimming motion compared to the same larvae 

incubated in the absence of microalgae.  It was not possible to repeat this trial so more evidence and 

replicated trials would be required to identify whether this observation was replicable.   

Careful examination would need to be given to assess whether the additional 

organic material may could exacerbate any microbial issues. 

 

11.6 LRT drop 
Emptying the LRT of the culture water and associated larvae was termed a ‘drop’. 

The fill hose was also used for the LRT drop, after having been disinfected for a couple days in a 

sodium hypochlorite bath and rinsed thoroughly in freshwater before connecting to the outlet pipe. 

Prior to the drop a sample of the culture water was collected from the LRT water surface in an 

autoclaved test-tube for microbiology analysis (refer to Section 11.5.6 ).   

The areas where the drop would be performed were cleaned, disinfected, and rinsed.  Great care 

was taken to maintain biosecurity – utensils, equipment, PPE, and personnel being kept away from 

other areas until disinfected. 

The 44 µm collection screen was disinfected and rinsed thoroughly with freshwater (Figure 91).  The 

screen was carefully checked for holes with a torch light. 
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Figure 91. ‘Dropping’ the Day 2 larvae from the LRT into a 44 µm collection screen.  Two different versions of the screen are 
shown here. 

Once the collection screen was ready for use, it was positioned over the floor drain and placed on a 

slight incline using a step at one end and finally rinsed with seawater. 

The first ~20 litres of the drop were collected from the hose initially to a tub.  This was to collect any 

unwanted larvae (mortalities/deformed) that may have been present in the outlet pipe.  A sample 

was checked under the microscope before deciding whether to include these (added to the screen) 

or to euthanise and discard them.   

The hose was positioned so the culture water flowed in an upward direction on the incline.  The flow 

rate was adjusted at the ball valve to achieve a steady pour.  It typically took several hours to 

complete the drop (e.g., up to 5-6 hours) and particularly if there were lots of trochophores in the 

culture, which was unwanted but common. 

11.6.1 Trochophore larvae at LRT drop 
The factors that could impede a larva from developing into a fully formed D-larvae and/or presenting 

without a shell is not well understood.  Poor quality of eggs/sperm, high levels of bacteria, 

‘crowding’ of the negatively buoyant fertilised eggs, inhibitors, or prior broodstock nutrition might 

(all) be contributing factors in preventing trochophores from metamorphosing into D-larvae. 
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Figure 92.  Misshapen trochophore 

Trochophores (e.g., Figure 92 and Figure 93)  were identified on the collection screen as a yellowish 

‘mucous’ and large numbers could cause the mesh to block.  The D-larvae had a more brown/purple 

colouration and were much easier to drop as the shells help prevent them getting stuck in the 44 µm 

mesh. 

Using a 44 µm screen to grade off trochophores was helpful as trocophores could survive for several 

days in the IC tanks (e.g., 6-7 days) before typically dying off.  They did not appear to develop to D-

larvae.   

 

Figure 93.  Example of trochophore under phase contrast.  A trail of material (cilia) can be seen dropping from the larvae 
when the fixative (formalin) was added. 
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It was important to observe the drop regularly and to monitor for any backing-up in the collection 

screen.  An overflow of the collection screen onto the floor at this stage could be very costly in the 

numbers of larvae lost.  It would be beneficial to have a (portable/battery operated) level alarm on 

the collection screen. 

The larvae would be collected from the collection screen every 1-2 hours into a bucket.  The interval 

depended on how quickly the mesh became clogged. 

Larvae were collected by washing into a graduated tub containing some seawater so to prevent their 

transfer into a dry bucket.  The tub was made up to a known volume with seawater and mixed 

thoroughly with the plunger, again carefully keeping the edge of the plunger in contact with the side 

of the bucket and away from the bucket bottom (Section 11.4 ).  Approximate larvae numbers were 

calculated from a mean of two 100 µl samples pipetted to a Sedgewick rafter (Figure 94), each 

sample being fixed with 1 drop of formalin (VWR). 

The expected breakdown of recovered larvae at 2 dpf (at drop) was  

• 20% trochophore + non-developed 

• 5% deformed 

• 75% perfect D-larvae  

It was also important to monitor aeration levels when dropping the LRT as the resulting reduction of 

backpressure on the air system as the tank drained proportionally increased aeration in the tank.  

The air supply to the LRT was turned off before the tank emptied to prevent re-suspension of settled 

(dead) larvae/material. 
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Figure 94. Examples of mixed larval quality- D-larvae and trochophores (2dpf) 
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11.6.2 Deformed D-larvae at LRT drop 
Ideally, no more than 5-6% of the eggs stocked would be deformed at this LRT drop stage (when 

collected on a 44 µm screen). 

Larvae that had an irregularly shaped or shortened shell was classed as “deformed”.  A quality D-

larva had a straight hinge and good swimming movement.  It was not a concern to observe the 

vellum ‘sticking out’ at this early stage of larval development.   

It was helpful to count deformed and non-deformed larvae by using two tally counters.   

 

Comparisons of egg and larval quality between and within differently sourced mussel 

broodstocks 
The daily checks of larvae condition revealed that many embryos and trochophore larvae displayed 

physical deformities such as ‘blistering’ (Figure 95).   

D-larvae similarly displayed deformities such as protruding vellum (possibly a shell deformity or 

inability to retract vellum into shell), or deformed hinge.   

 

Figure 95. Examples of good-quality and deformed, poor quality Mytilus edulis embryos and larvae. 

 

 Potential Inhibitors that can cause deformities in mussel larvae 
Examples of inhibitors that could be a causative factor in the deformities seen during the two 

production seasons of this project are in Table 7.   

Good Good
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Table 7. Potential Inhibitors and their likelihood of causing larval deformities in the hatchery. 

Inhibitor Likelihood Comments 

Triploid induction 
(exposure to chemicals) 

n/a Triploidy was not being induced (chemicals not being used) 

Uncured Fibreglass Low Tanks are over 1 year old and used regularly 

Plasticisers from new or 
non-food-grade plastic 
(e.g., hoses) 

Low Materials are food-grade 

Heavy Metals (cadmium, 
chromium, copper, lead, 
iron, nickel, zinc) and 
Arsenic 

Unknown • Eggs are incubated with chelating agent (EDTA) 

• No observed detrimental effects on fish larval trials 
run previously or concurrently elsewhere in facility 

• Egg survival inconsistent between compared 
broodstocks 

Algae Toxins Likely Deformities consistent with algal toxin. 
 

 

 

Deformities observed were like those reported in the literature for other shellfish species whose 

gametes, embryos and/or larvae had been exposed to algal toxins from live or lysed cells or harmful 

dinoflagellates (e.g., Basti et al., 2013 and 2019; Rolton et al., 2014).  The most likely candidate was 

algal toxins (Table 8). 
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Table 8. Harmful Algae, their Biotoxins and likelihood of inhibiting bivalve development in a hatchery context 

 

Algal Species Group Marine Biotoxin  Likelihood of inhibiting 
bivalve development 

Alexandrium Dinoflagellate  Paralytic Shellfish Poisoning Yes.  Observed in various 
bivalves (oysters, scallops) but 
often lab-tests at higher cell 
densities 

Lingulodinium polyedra Dinoflagellate Yessotoxins Diarrheic Shellfish Poisoning Yes 
Protoceratium reticulatum Dinoflagellate Yessotoxins (YTX) Diarrheic Shellfish Poisoning Yes 
Karenia mikimotoi  Gymnocins and haemolysis  Possibly 
Prorocentrum lima  Okadaic Acid + Prorocentroilide and 

Fast Acting Toxin 
Diarrheic Shellfish Poisoning Possibly.  Artemia highly 

sensitive but not mussels 
Pseudo-nitzschia Diatom Domoic Acid Amnesic Shellfish Poisoning Unlikely 
Dinophysis Dinoflagellate Okadaic Acid, Dinopyysistoxin and 

pectenotoxins (inhibit protein 
phosphatase) 

Diarrheic Shellfish Poisoning Unlikely 

Prorocentrum cordatum Dinoflagellates okadaic acid (OA), (2) methyl-okadaic 
acid, called dinophysistoxin (DTX-I), (3) 
prorocentrolide, and (4) water-soluble 
fast-acting toxins (FAT) 

Diarrheic Shellfish Poisoning Unlikely 
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With the additional concern of continued poor spawning (which was especially prevalent in the 2018 

season), some initial egg quality from wild broodstock spawnings were compared by incubating batches in 

the associated SAIChatch project. 

A controlled, replicated comparison of quality and performance of embryos and larvae that arose from the 

spawning of these broodstock was undertaken.  The trial used three separate broodstocks that had been 

sourced from different locations within Shetland.  The aim was to compare the performance of broodstock 

sourced from areas whose routine water-samples for harmful algal bloom (HAB) monitoring by Food 

Standards Scotland were reported to show markedly different levels of algal toxins.  The trial employed the 

suite of nine, replicated mini-LRTs funded by the affiliated SAICHatch project (Figure 96). 

 

Figure 96. Replicated mussel egg incubation bins – “miniLRTs”.  Tanks housed in air-conditioned trials room.  Suite included a total of 
nine 450L capacity flat-bottomed polyethylene egg bins with static, lightly aerated seawater. Each mini-LRT was raised from the 

floor on polyethylene pallets to allow tank drainage and larval collection from bottom valve. 

Broodstocks were collected from sites A, B and C (areas indicated in Table 9) on the same day (14 May 

2018) and each broodstock kept separate from each other.  Each batch was prepared and cleaned in the 

same manner described above (Section 11.3 ) and all three broodstocks were induced to spawn 

simultaneously but in separate spawning trays in the Marine Hatchery, using the same thermal induction 

cycles of seawater.  Each broodstock’s spawned gametes were kept separate from each other.  Eggs from 

Broodstock A were only fertilised by milt spawned by Broodstock A; eggs from Broodstock B were only 

fertilised by milt spawned by Broodstock B, and eggs from Broodstock C were only fertilised by milt 

spawned by Broodstock C.  Fertilisation and early embryo incubation environments were kept as constant 

as possible between the A, B and C treatments. 

Nine mini-LRTs were filled to 400L with 1µm filtered, UV-disinfected seawater and set up in a similar 

pattern to the main LRT (16oC seawater and air temperature, no inlet flow and with gentle central 

aeration).  Tanks were stocked as indicated in Table 9.  Each mini-LRT was stocked with approximately 6 

million fertilised mussel eggs (giving a similar stocking density to the main LRT) from one of the three 

broodstock sources and eggs were left to incubate for 48h before being emptied and larvae from each mini-

LRT harvested and rinsed on separate 38 µm polyester meshes.  Each tank’s larvae were then re-suspended 

in 5L seawater, triplicated 1ml samples counted using a Sedgewick-Rafter cell and extrapolated to give the 

larval count for the whole tank.  The larvae’s developmental stage, general appearance and behaviour were 

also assessed and compared under a Motic BA210 microscope (80x and 200x magnification). 
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Table 9.  Stocking of mini-LRTs in Broodstock Source Comparison Trial (14 May 2018) 

Broodstock Shetland Source: Quality: number of spawning 
shells, gonad colour, shell-fouling. 

Mini-LRT Triplicates 

A Walls Good Tank 1, 4 + 7 

B Burra Good Tank 2, 5 + 8 

C Walls Bad Tank 3, 6 + 9 

 

Figure 97 and Figure 98 illustrate there was quite consistent performance between triplicates in mini-LRTs, 

validating the usefulness of this replicated trials unit.   

 

 

Figure 97. Mean % D-larval recovery (2dpf) resulting from three simultaneous spawnings of three separate sources of broodstock 
mussels. 

 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A 
Hatchery Manual 

 

Section 11 - Hatchery techniques for rearing M. edulis   
Page 127 

 

 

Figure 98. Mean % Total Survival (Trochophores + D-Larvae) (2dpf) resulting from three simultaneous spawnings of three separate 
sources of broodstock mussels (n=3). 

D-larval development was assessed by a percentage of total larvae harvested (trochophores plus D-larvae) 

whereas D-larval recovery (or survival) was computed as a percentage of the six million fertilised eggs 

initially stocked in each mini-LRT. 

Eggs from Broodstock B (Burra) yielded excellent % D-larval recovery and higher survival rates at Day 2 

post-fertilisation.  However, there was still a significant number of deformed trochophores in Broodstock A 

and C mussel larvae (Walls), but not in the Broodstock B (Burra) larval cultures.  All three broodstock 

sources had been treated the same in the hatchery, but some voes around Walls had been affected by 

Harmful Algal Blooms (HABs) prior to the trial, whereas the collection site in Burra had not.  We therefore 

decided to repeat the trial with more broodstock from different HAB-affected and unaffected locations to 

check if HABs might cause subsequent mussel larval deformities. 

On 20 June 2018, a further three mussel broodstocks were collected from three different areas in Shetland 

and transported to the Marine Hatchery.  They were also maintained separately whilst being 

simultaneously bleach-bathed, rinsed and induced to spawn using thermal cycles.  Since one broodstock 

source generated very little spawn, it was not included in the mini-LRT incubation trial.  Fertilised eggs from 

the remaining two broodstock sources Unst (low algal toxins) and Crossroads, West Burrafirth (high algal 

toxins)) were transferred into six mini-LRT tanks: triplicate mini-LRTs per broodstock source.  Each mini-LRT 

contained 400L filtered, UV-treated seawater at 16oC with gentle, central aeration.  The embryos were then 

incubated for 48h to D-larvae.  Mini-LRT tanks were then emptied and larvae from each mini-LRT harvested 

and rinsed on separate 38 µm polyester meshes before being re-suspended in 5L seawater.  Batches of 

larvae from each Mini-LRT were counted and their developmental stage, general appearance and behaviour 

assessed and compared under a Motic BA210 microscope (80x and 200x magnification). 
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Data was analysed statistically using R Core Team (2013).  A parametric test was used if the data conformed 

to a normal distribution (Shapiro-Wilk test) and equal variance (Levene’s test).  If the data did not conform 

to these assumptions, then a non-parametric test was applied.  Proportional data was arcsine transformed 

prior to statistical testing; however, the non-transformed data is shown in Figure 99 and Figure 100. 

Mean D-larval development, expressed as percentage of the total number of larvae harvested per 

triplicated tank at Day 2 post fertilisation, was 87.6% from the Unst larval cultures and 92.2% from the 

Crossroads larval cultures, respectively (Figure 99).  Similarly, mean % D-larval recoveries at 2 dpf from the 

6 million eggs initially stocked per tank were 64.6% and 83.7%, respectively for the Unst and Crossroad 

cultures (Figure 100). 

 

 

Figure 99. Mean % D-larval development in offspring of parents from different sources assessed as a percentage of the total number 
of larvae recovered from triplicated mini-LRTs (sieve = 38 µm).  Error bars indicate standard deviation of the mean (n=3). 
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Figure 100. Mean % D-larval recovery + SD (as a percentage of eggs incubated – approx. 6million per triplicate mini-LRT) in larvae 
from parents sourced from the Isle of Unst and from Crossroads, West Burrafirth (n=3). 

 

Figure 101 to Figure 103 demonstrate how mussel eggs and larvae from the broodstock collected from 

Crossroads consistently and significantly outperformed their counterparts generated from broodstock 

mussels collected from the Isle of Unst, even though both broodstocks and their subsequent embryos and 

larvae were all treated the same within the Marine Hatchery. 

 

Figure 101. Boxplot comparing % D-larval development at 2dpf in progeny from mussel broodstocks collected from two different 
Shetland locations: Crossroads and the isle of Unst.  Asterisk denotes statistical difference between treatments (Mann-Whitney 

(Wilcox) Test, W=66.5, p<0.05). 
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Crossroads broodstock gave rise to a significantly higher % D-larval development at day 2 post-fertilisation 
compared to embryos generated by broodstock from the Isle of Unst (Mann-Whitney (Wilcox) Test, 
W=66.5, p<0.05; Figure 101).  Mussel larvae generated from Crossroads broodstock also showed a 
significantly higher D-larval recovery/survival at Day 2 post-fertilisation (expressed as a percentage of the 
original 6 million embryos stocked per tank) compared to embryos generated by broodstock from the Isle 
of Unst (Mann-Whitney (Wilcox) Test, W=72, p<0.01; Figure 102). 

 

Figure 102. Boxplot comparing % D-larval recovery/survival at 2dpf (expressed in relation to number of eggs initially stocked per 
tank) in progeny from mussel broodstocks collected from two different Shetland locations: Crossroads in West Burrafirth and the Isle 

of Unst. Asterisk denotes statistical difference between treatments (Mann-Whitney (Wilcox) Test, W=72, p<0.01). 

 

Mussel larvae derived from Crossroads broodstock also displayed significantly higher percentage total larval 

recovery at day 2 post-fertilisation (expressed as a percentage of the original 6 million embryos stocked per 

tank) compared to larvae generated by broodstock from the Isle of Unst (Mann-Whitney (Wilcox) Test, 

W=66, p<0.05; Figure 103). 
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Figure 103. Boxplot comparing % total larval recovery/survival at 2dpf (expressed in relation to number of eggs initially stocked per 
tank) from mussel broodstocks collected from two different Shetland locations: Crossroads in West Burrafirth and the isle of Unst.  

Asterisk denotes statistical difference between treatments (Mann-Whitney (Wilcox) Test, W=66, p<0.05). 

 

At the time of broodstock collection, Crossroads was reportedly an area with higher levels of algal toxins 

compared to the collection site in Unst (HAB reports June 2018 https://www.habreports.org/), but this did 

not cause any noticeable development or survival problems in the Crossroads embryo spawned in the NAFC 

hatchery.  In fact, the Crossroad larvae showed statistically significant higher % D-larval development and % 

total larval recovery/survival than the Unst larval cultures (p<0.05 for both, Figs. 26 and 28, respectively) 

and highly significantly better % D-larval recovery/survival than their Unst counterparts (p<0.01, Fig 27).   

The results in this trial did not support our tentative hypothesis that mussel broodstocks exposed to 

harmful algal blooms prior to spawning may in some way ‘pass on’ algal toxins to their spawned gametes.   

It is conceivable that harmful algal levels had changed during the time interval and affected the broodstock 

accordingly.  Perhaps also, algal toxin levels in gonad tissues may have been too low and so not of harm 

pre-spawned gametes of HAB-exposed shellfish.  Requera et al. (2014), for example, states that two groups 

of Dinophysis toxins are accumulated in the digestive gland of shellfish whereas shellfish gonads contain 

hardly any toxins.  Brevetoxins (produced by Karenia brevis) are also accumulated within the digestive 

gland of Mytilus edulis at a level four times greater than in the other soft parts of this mussel (Pouil et al., 

2018).   

To date, many topical scientific studies have focused on the often adversely affected fertilisation process 

and early embryo/larval development and survival following direct, laboratory exposure of shellfish 

gametes, embryos, and D-larvae to various algal toxins (e.g., Basti et al., 2013; Fabbri et al., 2014; Rolton et 

al., 2014; De Rijcke et al., 2015).  However, we could not find published studies investigating whether algal 

toxin exposure of wild or rope-farmed mussel broodstocks before their subsequent removal for induced 

spawning within a hatchery environment can still affect the viability and survival of their subsequent 

gametes, embryos, and larvae.  This is probably because most shellfish hatcheries maintain their 

https://www.habreports.org/
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broodstock animals inside the hatchery to give them a more protected, standardized environment and 

facilitate selection of desirable traits.   

A hatchery-maintained broodstock (as an alternative to wild sourced stocks) should be 

considered for future studies and commercial hatcheries.  Although these might have 

more costs in terms of the facilities, seawater treatment, heating/cooling and algal 

feeding, this project has demonstrated that having increased control over broodstock 

(and gamete) quality is a highly desired improvement to production protocols. 

In addition, some enhancements to seawater treatments should be included in future studies.  The cells of 

some species of harmful algae lyse easily, for example and release their toxins into the seawater – the 

naked dinoflagellate Karenia brevis is one such example and can be easily lysed by wave action (Rolton et 

al., 2014).  Lysing of HAB algal cells can be of particular concern to hatcheries using seawater pumped from 

nearshore waters because algal cells can be lysed by the mechanical action of filtration systems (Deeds et 

al., 2002; Stoecker et al., 2008; Rolton et al., 2014).  This means that, even when hatchery seawater 

filtration systems are designed to remove intact harmful algal cells, intake seawater may still contain their 

lysed toxins and carry them to the hatchery’s cultivation units.   

Activated carbon filters should be installed to help remove toxins from the water.   

For this reason, and as a precautionary measure during Summer 2018, we installed a small carbon filter to 

incoming seawater in the algal production unit at the NAFC Marine Centre’s hatchery to remove any 

potential toxins and pollutants remaining in the filtered, sterilised seawater used for the cultivation of algal 

feed for the mussel larvae. 

If a broodstock could not be maintained in a hatchery environment, they should be collected from areas 

that were HAB-free as was attempted in this project (e.g., from Unst which was a relatively HAB-free 

region, however it is noteworthy that these, like most of the spawning in early 2018 were poor, egg 

fertilisation was low, many deformities and larval survival to 2 dpf was also poor (27%)). 

More details on Algal Toxins impacts are in Appendix 17 (Cowing, 2019). 

11.6.3 Several modifications to the LRT drop technique: 

• A 44 µm collection screen was preferred over the 37 µm mesh screen.  The smaller mesh size was 

abandoned as it tended to block too easily (with trocophores). 

• Several attempts were made to collect larvae from the tank floor by gently rinsing these to the 

outlet with a seawater hose and collecting on the screen.  It was observed that these larvae were 

usually of low number (e.g., 1 million) and they consistently did not perform well.   

• Latterly, the larvae that were on the tank floor, or in the last 10 - 15 cm of the tank volume during a 

drop were excluded from the main larval batch.  They were instead collected and euthanised.  This 
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reduced the amount of problem larvae in subsequent cultivation and reduced the amount of 

detritus (particularly dead eggs and sperm) entering the larval cultivation process. 

• The LRT was raised onto a block plinth to help improve the differential head and speed up the drop 

of the bottom tank volume. 

• Leaving the drop until 3 dpf (instead of 2 dpf) did not appear to improve the percentage of larvae 

that progressed to D-larvae. 

• An immersion heater to maintain a tighter control of LRT water temperature was considered too 

high risk as a potential source of infection as it was relatively difficult to disinfect and was removed 

after it was shown that temperatures remained relatively stable in the insulated LRT, even though it 

was located outside. 

• Checking the LRT seawater for oxygen levels indicated it was probably not supersaturated (see 

Table 6), however a total gas meter would have been a more accurate indicator of gas saturation. 

 

11.7 Cultivation of D-larvae in static tanks 
Many bivalve cultivation techniques are based on static cultures, with regular additions of algae and water 

changes.  It was possible to incubate relatively small numbers of M. edulis D-larvae in static cultures.  

Feeding rates during static cultivation were 100-150 cells/µl up to umbo stage, 200 cells/ml to eyespot 

stage then 300 cells/ml after eyespot stage.  Feed rates were adjusted to match the desired residual algal 

cell density at 24 hours of between 30 – 50 cells/µl (for residual counts, refer to Section 11.15.4 ). 

11.8 Cultivation of D-larvae in IC Tanks 
The higher stocking densities used here for the cultivation of mussel larvae required a flow-through of 

seawater and associated automatic dosing of algae. 

Intensive Culture (IC) tanks (Figure 104) are used to cultivate D-larvae until they reached metamorphosis 

and settlement stages (i.e., a larval incubation period of 3 weeks at 16 °C).   

The tanks were cleaned and disinfected thoroughly before each use (refer to 11.11 ) 
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Figure 104. Larval IC tanks at the NAFC Marine Hatchery, total volume approximately 205 litres 

 

11.8.1 Seawater supply to IC tanks 
As described in Section 8 - seawater was filtered to 1 µm and UV-disinfected.  A flow rate was set at 3 l/min 

per IC tank and typically temperature maintained at 16 °C. 

FUTURE HATCHERY ACTIVITIES WOULD BENEFIT FROM COMPARING PERFORMANCE AT ELEVATED 

TEMPERATURES AS THIS WOULD IMPORTANTLY REDUCE THE DURATION OF THE CULTIVATION CYCLE TO 

SPAT. 

11.8.2 Aeration 
Aeration was provided through the tank bottom outlet.  Levels were typically gentle early in the incubation 

(3-7 dpf), but aeration levels were slightly increased from 8 dpf.   

Latterly, the level of aeration was increased slightly as it was thought this helped to retain the larvae in 

suspension.  The hatchery’s best performing batch of larvae was cultivated with this slightly elevated 

aeration rate, which may be significant or may just reflect the overall better quality of the larvae (which had 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A 
Hatchery Manual 

 

Section 11 - Hatchery techniques for rearing M. edulis   
Page 135 

 

also been ruthlessly graded, made possible by availability of a larger initial spawning (and, therefore, 

fertilised egg number) and the higher associated stocking density in the LRT). 

11.8.3 Larval stocking density 
Overstocking of larvae in the IC could create significant issues with higher encounter frequency (with other 

larvae and with feed), causing the larvae to withdraw inside their shells and stop feeding.  High stocking 

densities would have also generated relatively higher metabolic wastes. 

It was felt that stocking density in the first couple of days was less critical and that higher numbers could be 

reared without much impact.  Occasionally up to 70 million larvae were stocked per IC, but it was felt that 

up to 50 million should not be exceeded and the density dropped considerably once feeding increased. 

The approximate target stocking densities used was: 

• 30 million/tank   at initial stocking (day 2)  (25 - 30 million) 

• 27 million/tank   from day 10    (20 – 30 million/tank) 

• 20 million/tank   from day 15    (15 - 25 million/tank) 

Because of the relatively poor spawnings (Section 11.3 ), insufficient egg numbers and survival through the 

LRT stage (Section 11.5.9 ), it was usually not possible to achieve these target IC stocking densities.   

Note that the initial stocking of 30 million per tank (or 14,600/l) is significantly higher than those generally 

employed for the culture of other bivalves (e.g., 10,000/l for Pacific oyster). 

TRIALS THAT INVESTIGATED THE OPTIMUM STOCKING DENSITIES FOR VARIOUS LARVAL SIZES/AGES WOULD 

BE HELPFUL TO ANY FUTURE HATCHERY. 

 

11.8.4 Selecting banjo sizes 
As the larvae grew, the banjo mesh size was also increased.  Available mesh sizes were rounded down to 

match the growth of the larvae.  This provided a comfortably safe maximum mesh size to help filter out any 

slower growing ‘poor doers’ or deformed larvae whist maintaining the good and viable larvae in the tank.  

The banjo filter size used on initial stocking had a 44 µm mesh.   

Refer to Section 11.9.7.4 for details on calculating banjo size. 

11.8.1 Seneye – tank monitoring system 
A water quality monitoring and warning system, Seneye (https://www.seneye.com/) was installed during 

the project.  This system is primarily used by the aquarium trade. 

Seneye has the capability to monitor individual tanks through individual probes connected to a propriety 

hub, which was cabled to a network switch with Power over Ethernet (PoE) capability.  Individual Seneye 

sensors were capable of alarming if the water level dropped as well as monitoring for water temperature, 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A 
Hatchery Manual 

 

Section 11 - Hatchery techniques for rearing M. edulis   
Page 136 

 

ammonia, and pH.  Ammonia and pH monitoring required the addition of disposable slides that contained 

chemical reagents.  These slides needed replacing monthly. 

The information collected by the system was available to view from a cloud-based dashboard and on the 

Seneye App.  The App also alarmed hatchery personnel via SMS text if water quality set points were 

exceeded or there were other alarm conditions such as the probe was out of the water. 

With concerns over tank hygiene, as discussed elsewhere in this document, the probes were not positioned 

directly in the tanks, but instead placed in small plastic beakers that were placed under the overflow outlet 

to the tanks.  Some difficulties with the Seneye setup, particularly with gaining a suitable interface with the 

University’s IT system as well as delays in receiving components meant the system could not be fully tested 

during the project. 

 

11.9 Daily husbandry for IC tanks  
When first entering the tank room each morning, vital initial checks were carried out to confirm the 

supplies of seawater, air and algal feed were running correctly and this information was recorded.   

11.9.1 Collection sheets for daily records  
Being diligent in data-entry reduced risks of data being lost and increased the hatchery team’s ability to 

examine trends. 

The daily records of environmental parameters and observations were latterly collected onto a record 

sheet (Figure 105) before the hatchery operators transferred this information to the computer system.  The 

record sheet helped to co-ordinate between operatives and across the week.   

 

Figure 105.   Example of daily information collection sheet 

It became clear that data collection and entering process needed careful management.  Use of Office 365 

was identified as a helpful addition as this online version enabled other hatchery staff (especially those in 

the algae culture rooms) to simultaneously view and edit the relevant data inputs for each day.  Daily 

Date DD MM 2018 Initials Batch
Assess 10 larval lengths under microscope at 10x magnification (1 epu = 10 µm), round up to nearest division

Temp AM 

(°C)
DO (%sat) Flow (l/min)

Drop Out (0, 1 

Lttl , 2 Sme, 3 

Al l )

Water Colour 

(0 Clr, 1 Lght , 2 

Gd, 3 Drk)

IC1
Length 

(µm)

Approx. 

Larva l  

gi rth

IC2 90 42

IC3 100 50

IC4 110 57

IC5 120 64

130 71

IC1 IC1 140 78

IC2 IC2 150 85

IC3 IC3 160 92

IC4 IC4 170 99

IC5 IC5 180 106

Comments 190 113

200 120

210 127

220 134

230 141

ResidualsDosing Pump (l/min)

IC4 IC5IC1 IC2 IC3
Frequency
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sheets were prepared in Excel and stored in an area of SharePoint, with read/write permissions appointed 

to each of the hatchery team logins (for details on daily sheets used refer to Appendix 14 and 15). 

The daily sheet needed to be saved as new file (“replace”) and was based on the previous day’s file on 

Office 365.  Saving forward in this fashion meant that any improvements or modifications to the sheet were 

perpetuated. 

11.9.2 Temperature and oxygen 
Temperature and Oxygen (percentage saturation) were measured at the tank outflow using Oxygen Meter 

(YSI Pro ODO) and waterproof digital thermometer (Digitron 2106T). 

Oxygen levels were usually high and often greater than 100% saturation.  This may have been related to 

algal presence but could also indicate some mild supersaturation.  There was a risk of supersaturation since 

the pipe line pressure was boosted for seawater filtration and for supply to the first-floor algae cultivation 

room.  Heating via a plate heat exchanged set in the enclosed pipeline also contributed to this risk.  The 

seawater pressure was reduced to the minimum pressure that provided sufficient seawater flow rates to 

the first floor (0.6 Bar, refer to Section 8.13 ). 

A FUTURE HATCHERY MAY BENEFIT FROM DEGASSING OF THE SEAWATER PRIOR TO USE (E.G., BY USING A 

VACUUM DEGASSER), PROVIDING THE TOWER CAN BE DISINFECTED AND KEPT CLEAR OF BACTERIAL 

FOULING. 

11.9.3 Algae hoppers 
Algal hoppers (reservoirs) were checked each the morning to ensure sufficient algae had harvested 

overnight and that the hopper for the automatic dosing-pump contained sufficient algae for the remaining 

feed to the larval IC tanks. 

11.9.4 Water colour (indication of larval and algae densities) 
Food rations were determined by a feed table based on ‘number of algal cells per larvae per day’.  It was 

important to remember that lower stocking densities impacted on particle encounter frequency in the tank 

and food rations were sometimes increased if larval stocking densities were low (it was not possible to run 

the tank at a lower volume). 

The colour of IC culture water was checked throughout the day.  Latterly this was scored using the scale: 

0 - Clear 
1 - Light 
2 - Good 
3 - Dark 

 
A score of 0-Clear usually indicated a problem with food delivery.  Incidences of 0-Clear included times 
when the algal delivery tube had pulled-out of the tank inflow (the TECO dosing pump (Cougar Industries 
Ltd.) delivered quite a strong vibration along the feed tube during pumping); breaches in the algae tubing; 
emptying of the algae feed hopper (i.e., insufficient volume of food to last overnight caused by 
miscalculation of ration or calibration issues with the dosing pumps, etc.). 
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When the tank was lightly tainted with algal colour, it was categorised with a score of 1-Light.   
 
The level 2-Good corresponded to the water being only slightly coloured (very weak tea).   
 
Any colour depth greater than that was deemed 3-Dark (e.g., Figure 106) and that was often a bad sign - 
either the larvae had stopped eating and/or too much food had been delivered. 
 
 

 

Figure 106.  This is an example of overfed IC Tank (level 3-Dark) and shows the larvae having mostly dropped out to the cone section 
of the cylindroconical tank.  Aeration had been stopped for making the observations in this IC Tank. 

 
A high dose of algae increased the incidence of predator-prey encounters and resulted in the larvae 
desisting from feeding.  The additional organic loading may also have had unwanted impacts (e.g., 
encouraging microbiological growth, etc.). 
 

FUTURE HATCHERY ACTIVITIES WOULD NOT BE RECOMMENDED TO USE THE TECO DOSING PUMPS.  

INSTEAD, A PERISTALTIC OR GRUNDFOS DOSING PUMP SHOULD BE CONSIDERED 

 

11.9.5 Tank and batch conditions 
Pinching the airline to temporarily stop the tank aeration helped the observer to make a better assessment 

of tank conditions: 

• Any scum on the water surface and/or scum on tank side wall was recorded and likely indicated the 

tank was in a poor state, possibly indicating some larval decomposition or the presence of over 

feeding. 
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• Larval dropouts to the tank cone/floor indicated the larvae were not performing well (e.g., Figure 

107).   

o If this was observed the IC tank needed to be dropped as soon as possible that day (refer to 

11.11 ) and larvae reset into a cleaned IC tank.  Larval samples of the drop out were 

checked for any obvious signs of concern (Section 11.9.7.5 ).  Larval dropouts were usually 

accompanied by bacterial infections, and this could sometimes be seen under the 

microscope or by microbiological sampling.   

o Vibriosis was attributed to larvae swarming around the bottom of the tank (possibly with 

the infection impairing the vellum or other organs). 

o If dropouts were seen close to settlement (as indicated by larval size and behaviour) then 

that was an indication that the larvae were ready to set.  Some careful adjustment was 

made at this stage because recorded larval length may not be as accurate with the larger 

larvae not being available in the surface-collected sample. 

 

Figure 107.  Examples of larval dropout in IC tank and overfed tanks 

 

11.9.6 Larvae assessment – assessment of live larvae samples 
An automatic pipette with a clean tip was used to take 1.0 ml samples of mussel culture water directly from 

the surface waters of each IC tank.  Each sample was transferred to a dry Sedgewick rafting chamber and 

carefully lifted to the microscope stage (Motic BA210).   

The sample was scanned at 4x mag and observations of culture water and live larvae recorded.  Inactivity 

was the easiest way to identify that the batch was not performing well.  Young larvae should swim 

‘confidently’ and ‘nice and quick’.  When the larvae appeared to be ‘on a mission’ that was a good sign 

they, and the culture, was in good condition.  However, larvae that remained stationary or swam in small 

circles often indicated poor environmental conditions or possibly signs of infection.  Vibrio has been 

attributed to larvae swimming in a circular/spiral motion. 
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Swimming activity was scored qualitatively as: 

• Very good  100% swimming 

• Good  80% swimming 

• OK  50% swimming 

• Poor  20% swimming 

When stationary larvae were identified, magnification was increased to x10, and larvae examined to try and 

identify any obvious causes: 

• The outside of larval shells should be completely clean.   

 Bacterial or fungal fouling on shells/vellum was occasionally observed (observed as fine 

filaments).   

 Without antibiotic use, there were few management tools available for mitigating 

these infections.  Attempts to improve tank hygiene were made by dropping the tank 

and undertaking more robust grading.  Frequency of tank changes could be increased 

up to once per day (as opposed to every second day). 

• The presence of deformed larvae was also recorded.   

 These were generally more prevalent in the early stages of a batch as they were 

increasingly graded out since they tended to develop at a slower rate. 

• The gut was checked and scored as being empty/partial/full.   

 Up until formation of the umbo, the gut was usually partially full as feeding rate was 

relatively low.  A good sign of gut condition was the ‘colour’ being localised to a small 

region beside the hinge.  After umbo development (9– 10 dpf at 16 °C) the gut was 

more often a uniform colour (dark and dense).   

 Larvae should ideally be uniform in colour indicating the batch is feeding well as a 

cohort.   

 When there were differences in colour it was important to check for any causes 

affecting the feeding pattern of individuals. 

 A check was also made for any foreign bodies in the gut.  Before fixing the larvae, 

haplospiridiosis may be seen.  Haplospiridium sp. is a large (30 µm) green-tinged ball 

seen rolling around in stomach that can rip the lining of the stomach.  This is not to be 

confused by seeing some food rolling around in gut, which is relatively common if the 

larvae are not fully fed or not feeding. 

• Note if there are any dead shells and comment on likely cause such as vibriosis and if any 

associated infection such as ciliated protozoa. 
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11.9.7 Larvae assessment – assessment of fixed larvae samples 
Two drops of formalin were added to the 1 ml sample and the cover slide carefully positioned over the 

Sedgewick rafting chamber.  If any liquid was accidentally pushed past the confines of the chamber, it was 

also scanned under the microscope in case any larvae had been transferred out with the chamber. 

At 10x magnification and with four rows of the Sedgewick in view, all larvae were counted with the help of 

a tally counter.  Trochophores and deformed larvae were included in the count.  If trochophore numbers 

were high (e.g., >50%), then they were counted separately at a higher magnification.  The number of dead 

(empty) shells were also counted and compared to previous day(s) to check if the number was increasing 

(Figure 108).  The number of deformed D-larvae were also counted separately if it was appropriate to do 

so. 

Records of larval numbers were made directly onto the daily record sheet available at the PC terminal 

beside the microscope station, which automatically calculated an approximate larval number per tank 

based on a tank volume of 205 litres. 

 

Figure 108.  An example of a poor larvae batch: several dead and dying, some appeared to have stopped feeding, some ~empty 
shells. 
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 Measuring larval dimensions 
Assessment of larval dimensions was easier to make when the larvae were concentrated into a smaller 

region on the Sedgewick rafting chamber.  Concentrating could be done by removing the glass cover slide 

and tapping the long edge of the rafting chamber (this was not done until after the counting had been 

completed as there was a risk of spilling or splashing the sample and losing some larvae).  The vibration set 

up an internal wave that could concentrate the larvae across the middle (usually) of the Sedgewick. 

Length and width dimensions for ten larvae from each IC were measured per day.  Measurements were 

taken by calibrated eye piece graticule or by image analysis software (Motic Images Plus).  Latterly, 

measurements were only taken using the image analysis software. 

Larval measurements using microscopy 

Once the microscope had been setup correctly and 10x objective selected, each eye piece unit (EPU) 

represented 10 µm.  The length of ten larvae were measured and tally-marked on the Daily Information 

Collection Sheet to the correct size category (set at 10 µm divisions) using a typical ‘five-bar gate’ tally 

mark.  This technique produced a useful size distribution and helped identify the likely proportion of larvae 

that might be expected to pass through the mesh size during grading (Section 11.12 ). 

When lengths exceeded a 10 µm division, it was standard practice to round up this length to the next 

length (in increments of 10 µm).  For example, a larva with length >100 µm (>10 EPUs) would be classed as 

110 µm. 

Recording the tally of sizes to the daily record sheet created an approximation of a histogram.  The most 

common, the spread, smallest, and largest D-larvae sizes were used to help decide on an appropriate banjo 

screen size. 

Larval measurements using Motic Images Plus software 

The lab microscope with camera (BA210 Motic) was linked to a PC running the manufacturer’s image 

analysis software (Motic Images Plus 3.0).  Each day the file information was saved using the file format. 

DDMM_dX_ICX 

for example, 0606_d12_IC3 

Where DDMM was the batch number (spawning day) day and month – so in this example the batch was 

spawned on 6 June 

dX was the day number – 12 dpf would be d12 

ICX was the tank being sampled – IC3 is IC tank 3 

Ten or more random but good, healthy larvae were photographed by the image capture feature in Motic 

using the 10x objective lens.  Again, it was helpful and timesaving when the larvae were concentrated 

(Section 11.9.7.3 ) as several larvae were then available to measure from one image.  If more than one 

image was required to get 10 larvae, the software automatically added a suffix ‘_X’ (e.g., 0606_d12_IC3_1, 

0606_d12_IC3_2, etc.). 

Length and width measurements were assessed using the measure function within the image analysis 

software.  The information was then transferred to the daily record sheet spreadsheet for calculation of 

average length and widths of larvae in the sample. 
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If there were also larvae with features of note such as deformities, cracked shell, fouling, etc., it was useful 

to capture images of these as well for discussion and records. 

Daily growth of larvae is in Figure 109. 

 

Figure 109.  Daily lengths and widths of M. edulis larvae grown in hatchery conditions over two production seasons 

 

Estimating larval width from larval length 

Larval width (i.e., dimension perpendicular to the hinge) was used to inform the choice of grading screen 

and banjo filter.  Width was usually assessed in a similar way to length using Motic Images Plus 3.0.   

Where time did not permit assessing width separately, a good estimation of larval width could be 

determined by subtracting 30 µm from the average larval length (n=10).  After examining combined data 

from 2017 and 2018 (Figure 110) the average difference between the larval length and width was 33 µm.  

For future hatchery work it may be more accurate to subtract 33 µm from larval lengths to estimate larval 

width, although the relationship was not linear (Figure 110).   

A greater length:width ratio was observed during the second two weeks of larval cultivation, but the 

dimensions returned to nearly a 30 µm difference by the settlement stage. 
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Figure 110.  Difference between length and width dimensions for M. edulis larvae cultivated under hatchery condition.  Assumption 
of 30 µm difference (dotted line) and observed difference (solid line).  Average dimensions were observed during two production 

seasons in 2017 and 2018. 

 

 Selecting the appropriate grading and banjo filters mesh size by using larval widths 
It was assumed that the cloth mesh used in the preparation of grading screens and banjo filters gave 

approximately square apertures.  The cloth was classified according to the length of the sides of each 

square aperture (44 µm, 64 µm, 73 µm, etc., refer to Section 9.7.2 ).   

The maximum diagonal of the square aperture could be calculated by ‘length x √2’, which gave an 

approximation of the maximum larval width that could pass through the screen (Figure 111). 
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To quickly determine the screen size that would retain or let the larvae pass through, larval width could be 

divided by 1.414 (approximation of √2).

Aperture (cloth) size

Aperture diagonal 
(length of a side x  2)

 

Figure 111.  The same M. edulis larvae duplicated over an approximation of screen material.  Larval width marked with arrows (red). 

 

𝑎𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑙𝑎𝑟𝑣𝑎𝑙 𝑤𝑖𝑑𝑡ℎ =  (𝑙𝑎𝑟𝑣𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ) − 30 

 

𝑠𝑐𝑟𝑒𝑒𝑛 𝑠𝑖𝑧𝑒 =
𝑙𝑎𝑟𝑣𝑎𝑙 𝑤𝑖𝑑𝑡ℎ

√2
 

As an example, a 44 µm cloth would retain larvae that had a length of approximately 92 µm and above: 

∴     larval width = 92 – 30 = 62 µm 

Computation of screen size   = 

62 ÷ 1.414 = 43.8 µm 
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The computation of appropriate mesh sizes, based on average larval dimensions, was automated in the 

Daily Record Sheet (Appendix 13). 

At the hatchery conditions trialled during this project grading screens were typically found to be used on 

specific days (Table 10). 

 

Table 10.  Expected grading screen used per day (dpf) of M. edulis larviculture in IC tanks 

Grading Screen 
Size (µm) 

Expected day (dpf) 

20 - 

38 - 

44 3 

52 4 

54 4 

64 7 

73 8 

85 8 / 9 

90 10 

105 11 / 12 / 13 

120 13 / 14 

130 14 / 15 / 16 / 17 

150 17 / 18 

180 19 / 20 

 

 Larvae condition – larvae fixed with formalin 
In addition to observing live larvae, observations of fixed larvae were performed daily.  It was helpful to use 

phase-contrast microscopy for these observations. 

Gut assessment 

• Gut COLOUR:  this should be uniform both within and between larvae.  As the larvae get older (e.g., 

from 16 dpf) the gut should be full (brown coloured) and it will cover the whole gut (grey) area, 

right to the base/hinge. 

• Gut DEVELOPMENT.  If internal structures are missing, it could be that the vellum had been pulled 

out during a drop or that bacteria had started liquefying inner organs.  When internal structures 

were missing in dead/dying larvae, ciliates were often seen where the gut structures should have 

been. 

• Presence of any FOULING inside the gut 

Lipids 

• Small spherical lipid drops could be seen inside the larvae, and these were examined for number, 

relative size, and uniformity across examined larvae.  A qualitative score was given for lipids, as 

follows: 
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o Poor – no lipids 

o OK – few (10 – 15) large lipid droplets 

o Good – small lipids at base of gut 

o Very good, dense small lipids concentrated at base of gut 

• By 16 dpf., lipids should be obvious and cover the whole gut area, particularly concentrated at the 

base. 

Shell assessment 

• Shell COLOUR was assessed for ‘normality’ and uniformity across the sample.  Shell colour changes 

as the larvae developed (becoming more pigmented with age). 

• Shell SHAPE should be a uniform D with a straight hinge section and no cracks in the shell.  Checks 

were made also for development of the umbo (although much easier to monitor in live, un-fixed 

samples). 

• The shell margins should be clear and not contaminated with FOULING or bacteria (no filaments) 

• Dead (empty) shells were also noted on the Daily Record Sheet. 

 

11.9.8 Larvae approaching metamorphosis and settlement 
Larvae were kept in the ICs and only introduced to Spool tanks when the larvae were fully ready to settle as 

a pediveliger (Figure 112 and Figure 113). 

Visual signs of the larvae’s readiness to metamorphose to spat were: 

• Presence of eye spot (15 – 20 µm) on 90 – 100% of larvae, which should begin to be apparent 

around day 20 

• Larval size of ~250 µm 

• A shrinking vellum 

• Two to three folds on gills 

• Some movement of cilia on gills (indicating they were functional) 

• A probing foot (Figure 113) and some crawling behaviour, particularly if they larvae are crowded 

o addition of 1-2 drops of ethanol can be used to enhance this behaviour 

When looking for internal structures, it was helpful to look at the edge of the larvae in an unfixed sample 

while they were swimming. 

Settlement normally commenced 2-3 days after the eye spot is present. 
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Figure 112. Pediveliger mussel larvae 

 

 

Figure 113. Pediveliger mussel larvae with probing foot 

As larvae develop and approach settlement size the water in the IC tanks will appear ‘stringier’ and ‘slimier’ 

and there will be aggregations of larvae on the water surface.  Appearance of mucus in the IC tanks was a 

good sign of the larvae’s preparedness but it was important not to allow this development to go too far, 
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otherwise the mussels could settle to the tank bottom where they would likely be attacked by ciliates and 

start to become fouled.  If the larvae are collected in a bucket after a drop, they may produce mucus and 

raft together.  It was important to notice this as the larvae can suffocate themselves in this process.  There 

may also be a natural dropout on the banjo screen. 

 

11.10 Daily Record Sheet  
The daily record sheet was available to the hatchery team via Excel in Microsoft 365, and so it could then be 

collaborated on by hatchery staff simultaneously using different computers.  The record sheet performed 

many routine calculations and was also the daily record of the observations for that day.  The Sheet had 

sections for algae, larval feeding, recording tank conditions and larval assessment, spawning records and 

checks of LRT and spool tanks. 

  
Date 19/09/2018 Wednesday Daily Record Sheet

Algae - Cell Counts - Harvested for Mussels 19-Sep Wednesday

Cell 

Count C. cal Iso / Lut # CFUs Algae 

LRT 

Mussels IC/Spools

1 Sam p led  fro m

2 Vo l.  p lat ed  (µl)

3 MA D iln . Fac t r

4 MA 7 2 h

5 TCBS D iln . Fac t r

6 TCBS O/Y 7 2 h

TCBS B/G 7 2 h

Counted by 

(initials) Co m m en t s

]

Algae Sp

Average 

Cell Count 

(cells/µl)

Litres 

available pH Temp (°C)

C. cal #DIV/0!

Iso / Lut #DIV/0!

Volume of Algae to feed mussels 19-Sep Wednesday

Total

Diatoms 

(l)

Flagellates 

(l) Tank Daily  Algae Ration (l)

Dosing 

Pump (l/h) 

for 23 

hours

IC1 IC1

IC2 IC2

IC3 IC3

IC4 IC4

IC5 IC5

Spools Spools

Total 0 0 Total 0

Comments:

Algae Cells Required by IC Mussels 19-Sep Wednesday

Tank Batch No.

Age 

(days post 

fert)

Density 

(larvae/ml)

Larvae 

Number 

(Million)

Residual 

Algae 

(cells/µl)

W ater 

Colour  ( 0 

clear,  1 l i ght,  

2 good, 3 

IC1

IC2

IC3

IC4

IC5

Spools

Total 0.00

Tank Tank Tank

Larvae Samples Taken Placed into 90% EtOH + 10% Seawater

IC Larvae Tank Environmental Conditions 19-Sep Wednesday

Tank

Temp (°C) 

AM

Oxygen AM 

(%sat)

Seawater 

Flow Rate 

AM (l/min)

Drop out (0  

lit t le,  1  so m e,  

2  lo t ,  3  all) Comments

Screen 
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11.11 IC tank drop 
Emptying the contents of the IC tanks and collecting the larvae on mesh screens provided an opportunity to 

clean each IC tank thoroughly.  This process was referred to as a ‘drop’.   

The drop was the main management tool used to improve tank hygiene as it reset the cleanliness of the 

tank, completely replaced the culture water.  It also allowed the larvae to be graded. 

Where possible the IC tanks would be dropped every two days – but this was increased to every day if they 

observed issues in the IC tanks (e.g., scum on the sides or fouling on the bottom of tank).  Due to issues 

with low survival, poor larval quality and persistent CFU growth on TCBS (likely Vibrio spp. that 

accompanied the larvae since spawning), it was normal practice during the project to drop the IC tanks 

each day.   

The choice of grading screen improved with experience and use of The Daily Record Sheet and size 

distribution (Section 11.9.7 ). 

Initially, the area was prepared by rinsing all the equipment and floor with freshwater, the floor having 

been disinfected with a sodium hypochlorite solution from the night before (Section 11.14 ). 

Each of the grading screens was checked with the help of a torch to identify any that may have holes or 

tears.  If there was any doubt in a screen’s completeness it was checked: the screen would be wetted and 

submerged upside down in water, which trapped air in the screen.  If air bubbles vented, this indicated a 

hole was present.  This technique was also used to check all banjo screens before inserting into the tank.  At 

regular periods all grading screens were tested. 

The desired screen was put on the top and the next available screen (i.e., next smaller mesh size) was 

placed below to retain the undersized larvae.  This second (lower) catch screen was usually the mesh size 

that had been used during the last drop/grade (Figure 114).   

      

Figure 114.  IC drop with grading screen stacks (A) and initial checks of the grading process using a gentle seawater rinse (B) 

 

Occasionally, a third screen with a larger mesh-size was used as a pre-screen to collect any bigger particles, 

flocculants, algae clumps, etc.  This practice became more uncommon as better tank management reduced 

issues with fouling (larger particles) in the tanks. 
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The clean and disinfected screens were wetted by rinsing with freshwater and then seawater before use.  

New grading screens were noted to be more ‘difficult’ to wet as they appeared to have a waxy coating.  The 

wetting ability improved with time. 

It was helpful to have a long hose with an easily adjustable valve on the end for rinsing the screens with the 

heated seawater.  Before use, the seawater hose was run for several minutes to ensure there was no trace 

of disinfectant or stagnant seawater.  This seawater hose was regularly detached and pigged with a sponge 

piece before disinfecting in a sodium hypochlorite solution bath.   

The stack of grading screens was then placed on a tray to keep the bottom mesh from touching the floor.  

This was easiest in the cat litter style trays as a set of blank trays (without mesh) were prepared by also 

cutting away the tray bottom.  The design of the trays produced a stack that had a gap between the bottom 

of each tray and the next tray in the stack.  The plant-saucer style trays were also kept off the floor by 

placing on a clean saucer (Figure 115).  They were also kept apart by using a small wedge (piece of hose) 

between the trays. 

 

Figure 115.  IC drop to grading screen stack (plant saucer-style grading screens).  Screen stack was maintained off the floor with a 
further saucer. 

 

Prior to the drop, the algae dosing pumps were stopped and seawater isolated – either by adjusting each 

valve at the flow meters or by the main supply valve to the IC suite. 
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The Hoffman clamp on the hose drain was tightened to prevent the tank emptying whilst the adaptor for 

the air supply was removed.  The air supply was hooked up, so it was kept from touching the floor. 

The hose tail was then positioned into the top grading screen in the stack of screens (i.e., the largest mesh 

size) and the Hoffman clamp opened to allow the tank water to drop onto the screen (Figure 114A).  With 

practice, it was possible to drop the tank using the full bore of the hose (Hoffman clamp removed), in fact it 

was desirable to drop the IC as fast as possible without losing larvae.  At full bore, an IC drop would take 

around 15 minutes. 

It was important to CHECK SCREENS OFTEN to ensure they did not overflow, and the hoses had not moved.   

Initially, the bottom of the emptied IC tanks (Figure 116) was rinsed onto the grading screen stack.  

However, this practice was discontinued when it was noted those larvae had dropped out into the tank 

floor because they were usually problematic (deformed, under-performing, contaminated, etc.).  If a 

decision was made to collect these, they were usually collected onto a separate screen, so separated from 

the main larvae group.   

Experience indicated that a choice to incubate these should only be done if the larvae can be returned to a 

different tank (these should not be returned along with the larvae collected from the water column).  

Usually, these larvae continued to perform poorly (somehow compromised) and were dumped later. 

 

Figure 116.  IC tank immediately after a drop showing larvae trapped on tank surface (cone portion) 
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An exception to this cone rinsing was to collect larvae that were near settlement stage as these may be 

dropping out deliberately (as opposed to dropping out due to some mal factor).  For this situation, the tank 

cone would be rinsed into the screen with a gentle fan of seawater.  Often, all IC tanks with larvae of the 

same age would have larvae settling to the cones and they were typically rinsed into one screen.  A sample 

of these larvae were checked to monitor if they looked in good health.   

11.11.1 Protocol for cleaning empty tanks – IC tanks, E-tanks, and spool tanks 
Maintaining biosecurity and improving hygiene and cleanliness was deemed an important factor in 

improving culture performance.  The methods used for cleaning equipment and tanks were refined several 

times during the project.  Laterally, tanks were cleaned using the following procedure: 

Tanks were left clean and dry when not in use but before being used for new batch of larvae, all tanks were 

cleaned. 

All tank fittings were removed to the cleaning bench and rinsed with a freshwater hose to remove any 

surface debris.   

All tank fittings that could be permanently glued were glued as this prevented any build-up of organic 

matter between stub pipe and fittings.  Where gluing made it impractical to access the internal pipe 

surfaces for cleaning (e.g., double 90 ° elbow fittings), fittings were glued in units that were push fitted 

together as this allowed for disassembly for cleaning purposes (these unglued units were not under 

pressure). 

Operators ensured they followed appropriate CoSHH assessments when using cleaning substances and 

diligently wore appropriate PPE, including gloves, safety glasses, boots, and oilskins. 

Two cleaning solutions were typically used during cleaning and disinfection, and they were applied to 

equipment and tanks in sequence with a freshwater rinse in between. 

Solutions were prepared in individual buckets and care was taken not to mix the solutions.  Each solution 

was applied only with its own cloth/sponge and bottle brush (a car sponge or a white Doodlebug pad (3M) 

were the main materials used).  Being relatively aggressive, it was better to use a bottle brush with a 

stainless-steel wound core such as the Vikan UK brands. 

• Oxalic acid solution: 10 litres of freshwater + 1 cup (250 ml) of oxalic acid powder.  This solution 

was kept in use until solution has been used up after a few days 

• TopazCL1 (sodium hypochlorite) solution: 20 litres of freshwater (cold from tap) + 400ml TopazCL1.  

This solution was usually prepared fresh each day but was occasionally kept up to two days. 

After rinsing, the tank equipment and fittings (including banjo filters) were dropped into the Oxalic Acid 

solution and left to steep for some time (several minutes), whilst the IC tank was also being rinsed.  The 

Oxalic Acid solution helped to remove stains from the equipment/fittings, and it was thought that the pH 

change from acid (oxalic acid) to alkali (TopazCL1 solution) was also a useful addition to help disinfection. 

All accessible surfaces were scrubbed; the external surfaces of every fitting and filter screen were rubbed 

using a cloth/sponge soaked in the Oxalic Acid solution, the bottle brush was also used to clean internal 

surfaces. 
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After this first cleaning, the fittings were typically arranged onto the bench still wetted with the oxalic acid 

solution. 

It was common to then leave the wetted fittings to clean the ICs at this time.  The dropped tank was rinsed 

with a jet of freshwater making sure a grading screen in place under the outlet hose to trap larvae that 

have been stuck on tank walls and to prevent these larvae becoming a biosecurity risk or from getting into 

the floor drains. 

After rinsing, oxalic acid solution was applied to all internal surfaces and tank rim by using a cloth/sponge 

soaked in the solution and a bottle brush used to clean the surface outlet sockets and bottom outlet spigot.  

The oxalic acid solution was typically left in contact with tank surfaces for around 15 minutes but could be 

left on the tanks for a longer period to remove stains.  It was helpful that the IC tanks were mobile (not 

fixed) as they could then be dragged a short distance from their station as this reduced the chance of 

overspray from freshwater hose or possible contamination from disinfectants.  Tipping the IC tanks on two 

legs allowed easier access into the tank and to help with cleaning the cone and outlet spigot portions of the 

IC tanks. 

Then the gully (gutter pipe) used to collect outflows from the IC tanks and the outlet collection screen was 

also cleaned. 

The fittings and banjo filters were then thoroughly rinsed with freshwater hose (rose setting) and 

transferred into the bucket of TopazCL1 solution.  The full cleaning process was repeated with the TopazCL1 

solution using its dedicated cloth/sponge and bottle brush. 

The rinsed banjo filters were similarly carefully wiped with the cloth/sponge soaked in TopazCL1 solution 

and the bottle brush used to clean the stub pipe.  The banjo filters were left to disinfect for several minutes 

on the bench.  It was important not to leave banjo screens (or grading screens) in hypochlorite solution for 

long periods as this was thought to deteriorate the mesh. 

The IC tanks and outlet gutter were then returned to and thoroughly rinsed with freshwater before 

applying the TopazCL1 solution to all internal surfaces with the cloth and bottle brush. 

A final freshwater rinse of all equipment, screens, tanks, and gutter was made before reassembling.   

This two-chemical process is summarised in Figure 117 and became the standard method for cleaning and 

was similarly applied to seawater delivery hoses, E-tanks, Spool tanks and other equipment. 
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Figure 117.  Typical cleaning procedure for tanks and equipment 

 

 

 

11.11.2 Setup of IC tanks 
After ensuring the tanks had been rinsed thoroughly with freshwater they were rinsed with seawater 

before use.  The Hoffman clamp on the outlet silicone hose was closed and the tank filled with the heated 

seawater. 

After the air supply was reconnected to the silicone hose the Hoffman was adjusted to let some air into the 

tank during filling.  This was reduced before adding the larvae. 

The inlet assembly, seawater hose and algae feed lines were fitted as were the outlet fittings and banjo 

filter. 

 

11.12 Grading 
The principle aim of grading was to select top performers and discard underperforming, deformed or dead 

larvae.  This is possible because vigorous and high-quality larvae rapidly out-grow poor quality larvae.  

Unlike finfish grading, it was not common to redistribute larvae into various cohorts based on size or 

performance.   

Grading was done at the grading bench, which had been disinfecting with TopazCL1 (Ecolab) solution from 

the previous night (Figure 118).  It was rinsed thoroughly with freshwater then with seawater before use. 

'Clean' and 
disinfected

'Dirty' or 
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Figure 118.  Grading with cat litter-style screens.  Larvae were retained in top grade (left and centre), with smaller larvae passing 
through the screen to the bottom grade (right).  Screens resting on edge of bench to keep mesh from contacting the bench. 

A seawater hose that was attached to the heated seawater line (same supply as the culture water) was 

used to provide water for the grading process.  As described above, this hose had an easily adjustable valve 

at the end, and it terminated in a short stub piece of PE tubing.   

Experience with grading indicated that it was beneficial to grade the larvae gently but thoroughly.  

Excessive grading could damage the larvae, causing cracked shells for example (Figure 119). 

 

Figure 119.  Examples of damage caused by rough handling during grading, leading to cracked shells. 
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Unwanted materials (flocculants, algae clumps, etc.) could get trapped in the screen mesh of the grading 

tray.  It was helpful to leave that material there and not to force the material through with the seawater 

hose as these unwanted materials would then become mixed with the larvae that were being returned to 

the IC tanks. 

When larger amount of fouling was present in the water, a screen with mesh sizes one or two sizes up was 

sometimes used as a pre-screen to help retain the fouling but with a large enough screen to let the larvae 

pass through.   

Grading and returning the top grade typically helped improve the tank hygiene and seemed to improve 

tank performance.  From the first grade it was beneficial to be more ‘savage’ when choosing screen sizes, 

even with this then might remove a bigger proportion as a bottom grade.  Due to the recurring issues with 

larval quality, latterly, operators tended to choose a slightly larger size then re-grade on lower mesh-sizes if 

required. 

If too many larvae passed through the top screen onto sub-screen sometimes a different screen size was 

trialled to take off more of the bottom grade, but often these larvae were of a similar size and so were 

mostly put back into cultivation and graded again the following day. 

A small sample of larvae from the top and bottom grading screens were collected with a disposable Pasteur 

pipette and transferred to a Sedgewick rafting chamber to check their viability under the microscope.  

Swimming behaviour was often impeded by the stress of drop and grading, but a general checks of the 

culture for deformities, mortalities, behaviour would often indicate a difference in the viability of larvae 

between the top and bottom grades. 

In a ‘good’ grade, the bottom screen predominantly contained larvae that needed to be discarded (e.g., 

trochophores, deformed, slow growing, etc.).  Discarded larvae were transferred to the kill bucket (which 

contained an aqueous solution of sodium hypochlorite).  However, if the number of bottom grades was 

high and the quality of those was mixed or good (e.g., just slightly undersized) these were sometimes 

returned to the IC along with the top-grade or were combined to a bottom-grade tank.  Sometimes they 

were discarded if there were a large surplus of larvae and the stocking densities needed to be cut. 

As the tank filled, aeration was adjusted with the Hoffmann clamp.  A steady aeration was required, but the 

air flow was increased slightly from day 5-6 to help keep larvae in suspension and to reduce blockages on 

the banjo screens.  

Approximately 0.5 litre of available ‘fresh’ algae (ideally a flagellate:diatom mix) was added to each IC at 

this point to allow the larvae to resume feeding.  This produced a very weak colour in the tank and the 

presence of some food allowed for the time required to prepare feed rations and algal pump delivery 

operations.   

Graded, clean and viable larvae were usually returned to their respective IC tank.  To reduce risk of 

temporary overcrowding in the IC, the larvae were transferred from the grading screen with a gentle wash 

of heated seawater once the seawater volume had at least reached the top of the cone section, but 

preferably when the tank was much fuller.  The larvae were rinsed directly in the IC tank from the screen 

using the seawater hose (they were not transferred to a bucket for checking/counting).  After transfer, the 
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larvae would be in ‘shock’, and they usually dropped to the bottom before later coming back up into the 

water column. 

The length of time larvae were out of the water and crowded was kept to a minimum.  However, it could 

take around 30 mins for grading and for the IC tanks to be cleaned, reset, and filled, particularly if a single 

hatchery operator were undertaking cleaning and grading.   

Once the grade was complete, each screen and all equipment used in the grading exercise were cleaned 

using the standard cleaning cycle (Figure 117). 

11.13 Sampling IC culture tanks for bacteria 
The bacterial levels in IC tanks were sampled daily.  A suite of water samples were taken by dipping 

autoclaved glass test-tubes into the water.  These were then re-capped and placed on ice.  If water samples 

were expected to give high CFU levels, the samples were diluted (x10) using autoclaved (cooled) seawater 

in 2ml Eppendorf tubes, dilutions undertaken in a Laminar Flow Cabinet.   

Triplicate samples (100 µl) were spread onto Marine Agar and TCBS Agar to allow enumeration of total 

marine bacteria and Vibrio sp., respectively (for example, Figure 120 and Figure 121). 

 

Figure 120.  Examples of bacterial growth on agar plates.  These are 0.1 ml spread from samples taken from contaminated algae 
hoppers (containing flagellate algae), permanent marker used to mark CFUs to help count.  Marine Agar total marine bacteria (Left, 

1000-fold dilution), TCBS Agar – ‘vibrio-specific’ (right, undiluted) 
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Figure 121.  Example of CFU growth on TCBS agar, for each of five IC tanks in operation 

Presentation and discussion of the microbiological analyses of these IC tank culture water samples are 

given in Appendix 13 (Cowing, 2019). 

11.13.1 Controlling bacterial levels by dosing with antibiotics 
Some bivalve hatcheries incorporate antibiotic treatments to help manage levels of bacteria. 

Within the affiliated SAICHatch project, triplicated florfenicol treatments were compared to negative 

controls (no florfenicol added) during the first 48h of embryo and larval cultivation in mini-LRT tanks and 

done so under veterinary prescription.  Results indicated that florfenicol used at either 2 or 4 mg/l during 

these first two days of egg and larval incubation effectively eliminated Vibrio sp. bacteria from static larval 

mussel cultures.  Negative control tanks, culturing the same batch of embryos as the florfenicol treatment 

triplicates, showed CFU counts of presumptive Vibrio sp. bacteria of circa 300 CFU/ml (Figure 122).   
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Figure 122.  Boxplot of numbers of presumptive Vibrio colony forming units in the culture water of 2 dpf mussel larvae versus 
florfenicol treatments and their negative controls.  Neither of the latter contained florfenicol but had either 55µl ethanol (Control a) 

or 110µl ethanol (Control b) added to the triplicated culture beakers of 400ml seawater to mimic the corresponding volume of 
ethanol-based florfenicol stock solution added to the 2mg/l and 4mg/l treatments, respectively (n=3). 

Florfenicol did not significantly affect larval development in this short trial and percentage D-larval 

development was high in both treatment and control tanks (Figure 123). 

 

Figure 123. Effect of 48h treatment with florfenicol antibiotic at two different concentrations (2 mg/l and 4 mg/l) on the mean % D-
larval development at 2 days post fertilisation (as a percentage of total mussel larvae recovered) in mussel larvae cultured at 16 °C 
in static 1000ml glass beakers containing 400ml seawater that had been previously filtered, UV-treated and autoclaved. Error bars 

denote standard deviation of the mean (n=3). 
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However effective, the use of antibiotics would not be a long-term solution for the shellfish industry 

because of the associated risks of developing antibiotic-resistant bacteria and expense, particularly during 

the flow-through culture period in IC tanks and general best practice not to rely on routine antibiotic use in 

food production. 

There may be scope for using alternative antimicrobials such as probiotics and oregano oil etc., but these 

would need further investigation.  Triplicated trials undertaken at the NAFC Marine Hatchery using the 

probiotic Sanolife MIC-F™ (INVE, Belgium), proved inconclusive because of poor initial mussel egg quality.   

Other small-scale triplicated trials at the NAFC hatchery using commercially available 5% oregano oil Orego-

Stim© (Omlette/Anpario) showed that a 1000 – 3000ppm dose of Orego-Stim (5%) oil over the first 48h of 

embryo/larval culture (static conditions) was effective against Vibrio sp. bacteria in mini-LRT culture 

seawater but proved lethal to the early mussel larvae.  Mussel D-larvae only developed and survived in the 

100ppm Orego-Stim (5%) oil triplicated treatments.  However, this dose did not inhibit Vibrio bacteria 

compared to negative controls. 

Repeating the probiotic trials with better quality mussel embryos and larvae would be 

beneficial.  Treating early embryos and larvae with 1000ppm for shorter periods than 

48h may be worth trialling or perhaps performing short-bath treatments with older 

larvae, but such trials would require considerable care and fine-tuning to avoid harming 

early larvae and would probably not be cost-effective. 

Some initial comparisons between IC tanks that were supplied with the standard 3 l/min compared to IC 

tanks that were supplied with an enhanced seawater flow rate of 4 l/min did not appear to show any clear 

improvement to stocks, however, the available tankage meant this was not undertaken as a controlled and 

replicated trial and would require more careful adjustment for algal dosing and to commence the flow rate 

comparison from initial stocking. 

FUTURE HATCHERY ACTIVITIES COULD CONSIDER MICROBIALLY MATURED SEAWATER FOR INCUBATION OF 

LARVAE, BUT DIFFICULT TO ACHIEVE WITH THE FLOW-TO-WASTE SETUP. 

11.14 Daily tank room disinfection and biosecurity 
After completion of the daily husbandry routines all ‘used’ surfaces were doused and wiped down with 

remaining sodium hypochlorite or TopazCL1 solutions and left to disinfect overnight (unrinsed).  Equipment 

that could be put away were rinsed and stored on plastic shelving to air dry. 

The lab area was similarly tidied, ensuring all equipment used in microscopy was washed and surfaces 

cleaned (ethanol wipes).  Attention was given to regularly wipe door handles and pipe valve handles with 

ethanol wipes. 
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The floors were cleaned daily using a TopazCL1 solution and scrubbed with a stiff floor brush.  Areas that 

were more difficult to scrub were disinfected by applying a sodium hypochlorite solution from a plastic 

watering can fitted with a rose. 

Chemical footbaths were replaced on a regular basis when spent or at least weekly.  Initially, footbaths 

were prepared with a Virasure solution, but this was latterly changed to an iodophore solution.   

Disinfection solutions were prepared with cold freshwater as per the manufacturer’s recommendations.  

Iodophore discoloured the floor, walkways and wall areas around the footbath but had desirable 

antibacterial properties. 

11.15 Feeding mussel larvae with microalgae 
Cultivation protocols and some activities with microalgae undertaken during this project are summarised in 

Section 14 -. 

11.15.1 Algal species 
A mixture of microalgal species were used and all original inoculums were obtained from the Culture 

Collection of Algae and Protozoa (www.ccap.ac.uk). 

• Flagellate algal species – were produced in continuous culture in SeaCAPS system (Seasalter 

Shellfish Ltd.) 

• Isochrysis galbana Tahitian (T. iso) classifier 927/1 

• Diacronema lutheri classifier 931/1 

Both species are motile algae and are approximately 5 µm in diameter and orange/yellow 

brown in colour.  Their continuous bag-culture is detailed in Section 14.7.5 . 

• Diatom algal species – was produced in batch culture in carboys 

• Chaetoceros calcitrans classifier 1010/11 

• Chaetoceros sp.  (Cultivation of this strain was stopped after the first season because the 

original inoculum was not axenic) 

The carboys used in this project to cultivate these diatoms were water cooler bottles (Maestro 

Pressure Coolers Ltd.).  Although the individual cost of these is quite reasonable, the shipping 

costs to Shetland were high due to their volume and the carboys needed replacing 

approximately once per year as they degrade with repeated use and autoclaving.  Batch culture 

of Chaetoceros calcitrans is described in detail in Section 14.7.2.4 . 

11.15.2 Transfer of harvested algae to hoppers (E-tanks) 
The E-tank algae hoppers were cylindroconical GRP tanks with a volume of approximately 800 litres and 

they had been used previously, mainly for the enrichment of Artemia.  Some remedial work was done to 

polish the internal surface as there was some signs of roughening of the gel coat surface through use. 

E-tanks were aerated from the point of the cone with a single open-ended airline tube.  No specific 

additional lighting was provided other than an overhead twin fluorescent light.  

http://www.ccap.ac.uk/
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Flagellate algae were collected continuously overnight from the SeaCAPS system into a recently cleaned 

and disinfected E-tank (refer to Section 11.11.1 for the standard tank cleaning protocol).  Since the E-tanks 

had a ball valve outlet (not a Hoffmann clamp on a silicone hose as found on the IC tanks), an additional 

step of using a bottle brush to clean the ball valve in open and closed position was made.  The airline was 

also detached and cleaned with a TopazCL1 (Ecolab) soaked cloth and steeping in sodium hypochlorite 

solution.  The airlines were pigged routinely by forcing through a small piece of sponge by applying a 

freshwater hose jet at one end. 

The algae delivery hose (1/2” clear flexible braided hose) that was used to transfer algae from the upstairs 

algae production area to the E-tank hopper(s) by gravity was similarly pigged routinely (every 2 days) with a 

sponge before transferring to a hypochlorite solution (200 ml hypo in 20 l) for disinfection overnight.  Two 

harvest hoses were used in rotation.  The previous day’s hose was rinsed with freshwater, a piece of Gaffer 

tape covered over the end to protect the mouth and inner surface and before passing it up through the 

roof to the algae room for its connection to the SeaCAPS system for collection of flagellates overnight.  

Initially a quick-release system was used that had an integrated automatic stop valve.  However, again to 

reduce potential build-up of organics in places that were difficult to clean, these were replaced with the 

more standard Hoselock fittings that did not have the auto-stop function.  Laterally the delivery hose was 

also cut to a minimum length to help minimise air locks and chances of contamination.   

A measurement stick was made to indicate the E-tank volume. 

Future work could investigate risks of storage including the E-tank being open to the 

atmosphere risking contamination, storage overnight may endure some changed 

(reduction) of nutritional quality and impact of environmental conditions (light, 

temperature, aeration, etc.) on algal quality and physical and chemical parameters of 

the culture. 

 

11.15.3 Daily calculation of larval feed rations 
The daily ration of algal diet was calculated on a per tank basis and fed according to larval size (length) with 

a rate of cells/larvae/day that increased as the larvae grew (Figure 124).   
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Figure 124.  Daily ration of algae for feeding D-larvae of M. edulis. 

 

Due to the configuration of the SeaCAPS algal production system, the T. iso and D. lutheri cultures were 

harvested continually and the outputs of these cultures combined.  With an equal number of bags of each 

of the flagellate species and an approximately similar inflow rate into each bag, it was assumed the ratio of 

T. iso to D. lutheri was 1:1 so the final diet makeup was 80% C. cal. + 10% T. iso. + 10% D. lutheri. 

The daily assessments of larval length (Section 11.9.8 ) and stocking number per tank were used by the 

Daily Record Sheet (Appendix 13) to calculate tank rations.  The volumes of C. cal. and flagellates were 

calculated from the daily algal cell counts (Section 14.6.4 ) and the algae were mixed into a newly cleaned 

and aerated cylindroconical hopper (E-tank). 

FUTURE HATCHERY WORK WOULD NEED TO INVESTIGATE FURTHER FEED RATES TAKING INTO 

CONSIDERATION ANY ELEVATED OR LOW LEVELS OF RESIDUAL ALGAL CELLS 

11.15.4 Monitoring for algae residuals 
Feeding and feed calculations are discussed (Section 11.15.3 ), however, as part of the Daily Data Collection 

performed each morning, the culture water was assessed for the level of algae – referred to as “Algae 

Residuals”. 

Initially, algal residuals were determined using a haemocytometer.  In a similar way to preparing the 

haemocytometer for algal counts (Section 14.6.4 ), a sample of culture water was added to the 

haemocytometer.  The algae cell number was calculated from counts of cells across all nine medium 

squares and averaged across each of the two sides of the haemocytometer.  The average algal cell number 

was multiplied by [10÷9] to produce algal cells/µl.  Apart from some additional time to repeat this for each 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A 
Hatchery Manual 

 

Section 11 - Hatchery techniques for rearing M. edulis   
Page 165 

 

of the IC tanks, residuals could be relatively difficult to determine as there was often other particles in the 

water that could be identified wrongly as algae.   

Laterally, a fluorometer was used with good success.  A handheld instrument (FluoroSense 2860-000-C, 

Turner Designs, Figure 125) could be dipped into the culture tanks and chlorophyll measured directly.  

Some comparisons were made to correlate residuals as determined by microscopy (haemocytometer) 

readings and by the fluorimeter.  Residual levels showed acceptable correlation (Figure 126). 

 

Figure 125.  Handheld Fluorimeter (FluoroSense, Turner Designs) 
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Figure 126.  Correlation between fluorometer readings and algal counts 

An algal residual level of around 20 cells/µl on the following morning with a steady state (seawater flow, 

aeration, etc.) and before any drop was considered satisfactory. 

Raised or lowered algal residual levels were often attributable to a likely causative factor or factors and this 

was recorded to the Daily Record Sheet. 

 

11.15.5 Dosing pumps 
Each IC tank had a dedicated dosing pump (5 IC tanks) and a further two dosing pumps were available to 

supply algae to the spool tanks (Figure 127). 

The rate of algal dosing was calculated also by the Daily Record Sheet to dose the daily ration (volume) over 

a 22-hour period.  This took into consideration the time required for cleaning of dosing pumps (Section 

11.15.10 ) and tank drops (11.11 ) and tank cleaning (11.11 ). 
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Figure 127.  Suite of seven wall-mounted dosing pumps (TEKNAEVO TPG), red LED indicates unit in stop mode, feed lines 
disconnected (pump head outlets covered with red plastic cap) 

 

FUTURE HATCHERY ACTIVITY SHOULD CONSIDER REPLACING THESE DOSING WITH PERISTALTIC PUMPS OR 

GRUNDFOS DOSING PUMPS AND LOCATING THESE PUMPS MUCH CLOSER TO THE IC TANKS TO REDUCE 

POTENTIAL BUILD-UP OF CONTAMINATION (ORGANIC, BACTERIAL, ETC.) IN THE FEED LINES. 

 

11.15.6 Mixing microalgae to achieve correct ratio and storage of microalgae in E-tanks 
Ideally, feeding needs were calculated early in the day so the flagellate volume could be dropped to the 

correct level in the E-tank and then this topped up directly with the correct volume of diatoms provided 

from the harvest tank in the upstairs production area (Section 14.8.1 ).  However, operational pressures 

and workloads in each section meant it was not often possible to achieve this.  More often, the C. cal. was 

dropped to a second clean and disinfected E-tank, the volume was then adjusted when the feeding rations 

were available, and the diatoms then topped up with the correct volume of flagellates by bucketing across 

the flagellates to achieve the correct ratio and volume of algal cells. 
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There was some concern over the period the flagellate ration had been harvested before delivery to the 

larvae.  With collection starting on the previous day and running overnight, the 22-hour delivery could 

mean some algae were two days out of the SeaCAPS system.  The temperature in the tank room was 

generally 5-10 °C cooler than the bag room and pH measurements indicated the cultures were not changing 

dramatically.  In some tests in the associated SAIChatch program fatty acid and C:N ratio demonstrated that 

a quick harvest (achieved by inserting a second harvest line lower in the bags) gave similar results to the 

previous continuous (standard) harvest. 

11.15.7 Sampling of stored (harvested) microalgae for bacteria levels 
Samples of the harvested algae in the hoppers were collected to freshly autoclaved test tubes for 

microbiological testing.  Sampling was done in consultation with the upstairs algae lab for choosing the 

samples and the timing of the sampling.  The upstairs lab plated the samples and counted colonies as this 

required their laminar flow cabinet.  Normally, daily microbiological tests were performed on samples from 

the mixed algae (flagellate and diatoms mixed as per the Daily Record Sheet), however, more thorough 

investigations were done when there was a suspected infection (and especially if there was CFUs on TCBS 

agar) and ideally co-ordinated by using the Microbiological Requisition form (Appendix 8) to try and identify 

causes and impacts of any remedial action. 

11.15.8 Adjusting feed rates when there was a shortage of Chaetoceros calcitrans 
With flagellates being approximately twice the size of C. cal., any shortage in C. cal cell number was topped 

up with half the cell number of flagellates.  The recalculation was performed automatically by the Daily 

Record Sheet. 

11.15.9 Setup of systems for algal feeding 
Algal dosing lines were checked to confirm all hypochlorite solution (internal and external) had been 

thoroughly rinsed away with freshwater and that algae had been primed from the algae hopper (E tanks) 

and pumped through to the outlets of each required feed line before the feed lines were transferred into 

the IC tanks. 

Dose rates were obtained from the Daily Record Sheet.  Dosing pumps (Teknaevo TPG) were then set to the 

required pumping rate and algae dosing was started.  The dosing pump settings provided doses in steps 

relative to the calibration valued entered.  Dose rates were rounded down to the nearest step to reduce 

the likelihood of overfeeding.  It was felt the cultures performed better with slightly under- rather than 

over-fed larvae. 

11.15.10 Distributing algal feed, setup, and cleaning 
Algae from the E-tank storage hoppers was initially conveyed from the bottom of the E-tank cone to a 

manifold via a flexible ½” hose.  The manifold had been constructed with 2” ABS pipe and featured a 

vertically mounted, open-ended clear vinyl tube that served as a sight glass and route for air escape and a 

port for a level switch to stop dosing pumps dry-running if the algae hoppers drained.  The manifold had 

removable ends so a bottle brush could be inserted for cleaning and the tubing to the dosing pumps was 

inserted to the manifold via cable glands.  It became apparent, however, that a high level of cleanliness 

could not be maintained in a manifold system and some organic deposits could build up in hard-to-reach 

places.  This was seen with associated bacterial growth on MA and TCBS agar. 
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Laterally, individual 6mm suction tubes (flexible hose) were connected between the dosing pump inlets, 

bunched together (cable tied), and weighted and dropped into the tank from above.  The multi-tube open 

ends were directed to the bottom of the cone but kept away from the air supply. 

Between each daily batch of algae, these feed lines were removed from the tanks and the lines were 

pumped through with freshwater for 10-30 mins with the pump rate increased to around 10 l/hour to 

purge the lines. 

Care was taken each day to clean of the external surfaces of the suction tubing to the dosing pump and the 

tubing close by to the larval tanks.  A cloth or sponge was used to apply TopazCL1 (Ecolab) solution.  Where 

suction tubes were clustered together, the tubes were teased apart so all surfaces and any weights or ties 

could be cleaned. 

Once physically cleaned, the tubes were moved into a bucket containing a sodium hypochlorite solution 

(200 ml of 14-15% NaOCl in 20 litres freshwater) and the solution pumped through the feed lines with the 

rate of dosing increased (e.g., 10 l/h) for approximately 5 minutes.  After the solution had pumped through, 

the pumps were stopped, and the solution left to disinfect the internal surfaces of the feed lines for a 

minimum of 20 mins each day.  Operators had to be careful that the outlet of these algae feed lines had 

been removed from the IC tanks and held secure so there was no chance of the disinfectant coming into 

contact with the larvae or cultivation equipment. 

After this daily disinfection, the suction lines were placed into a bucket of freshwater and approximately 5-

6 litres were pumped through each dosing pump.  The suction lines were only placed into the algae hopper 

(E-tanks) after a thorough rinse. 

To help maintain hygiene, operators were careful not to let the suction lines touch the floor, walls, tanks 

etc.  This was particularly important in the area where the dosing pumps were located as there could be 

some small amounts of standing water. 

At least once weekly, each of the feed lines were pigged by pumping through a piece of sponge soaked in 

hypochlorite solution.  The sponge needed to be quite well packed, so it was in contact with all surfaces of 

the hose but not as tight so that it became lodged in any areas of constriction (bends, clamps, etc.).  The 

sponge was normally inserted into the delivery hoses.  The attachment between the hose and pump head 

was a threaded gland.  After removing the gland, and with forceps, the sponge piece was twisted into the 

open end of the delivery hose and the gland reconnected.  The sponge piece was then pumped through the 

feed line, usually with the pump operating at maximum speed, whilst monitoring the outlet to confirm the 

sponge pig had been pumped through. 

The suction tubes were also pigged once weekly, but this was not always possible.  Since the suction tubes 

had the same threaded connection, they could be unscrewed from the suction side and moved to the 

discharge side of a dosing pump.  Effectively this allowed for pumping the sponge piece back down the 

suction pipe back to the disinfectant bucket. 

Additional cleaning was done if there were any positive CFU growth on TCBS attributed to the algae 

delivery system.  This included removing the dosing pump head and cleaning the pump and non-return 

valves.  It was found that interdental picks and brushes were helpful tools for cleaning the apertures within 

the pump head. 
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Algae tubing 
During the project, some issues with the material for the algal feed tubing was observed.  The initial tubing 

used was clear (aquarium) airline clear PVC tubing, which had been chosen mainly due to its inexpensive 

cost.  With use, however, several of these lines split and needed replacing.  A food grade tubing was then 

used.  This was chosen as the material was more robust and to give a more consistent delivery with the 

dose pulse nature of the pump was causing distension in the tubing.  However, the plastic material 

appeared not to be fully chemically compatible with the sodium hypochlorite disinfectant, resulting in some 

deterioration of the plastic (tubing became opaquer and eventually the surface appeared to change and 

may have become slightly roughened, and thought to be a possible place where organics or bacteria could 

build up).  A third style of tubing was also trialled.  Again, similarly more rigid than the (aquarium) airline 

tubing.  This product was more resistant to kinking but installation required gentle radii.  The tubing also 

did not appear to distend during the dosing pulse and the material was more compatible with the sodium 

hypochlorite disinfectant, so was a more suitable choice, despite its higher cost. 

 

11.15.11 Calibration of dosing pumps 
It became apparent that the automatic calibration function provided by the dosing pumps was not accurate 

with the tubing system as setup in the Marine Hatchery.  The auto calibration function delivered 100 pumps 

in quite fast succession and the resultant volume of discharge was collected and measured in a measuring 

cylinder.  The volume was entered at the pump for it to calculate a dose rate.  It may have been the 

relatively long discharge tube (8 – 10 m) or the vibrations setup in the lined with the pump working in rapid 

succession but, regardless of the reason, the dose delivered was affected.  It was subsequently found that a 

more reliable calibration could be achieved by measuring discharge over several minutes (individually 

timed) at an ‘operational’ dose rate and entering a manual calibration (ml/stroke). 

Future hatchery operations may wish to reduce the piped distances between dosing 

pumps and IC tanks. 

11.16 Microbial levels in IC tanks 
High bacterial numbers were usually associated with higher mortality (Figure 128).  It was not clear if the 

bacterial levels were a cause or result of mortalities. 

More details on microbial levels are in Appendix 13 (Cowing, 2019). 
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Figure 128.  Percent of general marine bacteria (growth on MA) threshold value (1,000,000 CFU’s per ml) and % larval mortality rate 
over the 2018 season 

 

11.17 Larval growth rates 
M. edulis development to reach settlement stage under hatchery conditions at 16 °C (Figure 129) typically 

took 3 weeks.  M. edulis larvae would settle at approximately 250 µm. 

 

Figure 129.  Growth of larval M. edulis during larval incubation to settlement stage under respective hatchery conditions. 

 

As described above, larval growth rate across both production seasons were similar and relatively linear for 

M. edulis (Figure 109). 
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11.18 D-Larval survival in IC tanks 
The two seasons of the project did not give sufficient time to achieve a consistent survival through to 

settlement.  The data would seem to reflect an incremental success in technique or larval quality that 

resulted in an improving larval survival towards the end of the second production season. 

The best performing batch of M. edulis larvae during the project returned approximately 25% survival 

(Figure 130). 

 

Figure 130.  Comparison on the % survival from 4 dpf between our best batch to date (180718) and all other batches over the past 
two seasons. 

 

Excluding batches of larvae that were terminated very early in their development, around nineteen batches 

were run over the two seasons (NB: only six batches (three per season) had been planned for).  Due to poor 

survival, only three batches reached the settlement stage with enough numbers that warranted transfer to 

the spool tanks. 

The trend in survival patterns across both years have a similar trend with a rapid decline in survival up to 

approximately day 10 (Figure 131).  Note, many of these larvae will have been deliberately graded out, 

rather than had died.  By comparing various individual batches, larvae that remain after approximately 10 

dpf appear to be fitter, continuing through to later stages of development with increased survival rates.  
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Higher variability in the 2017 season, as particularly seen in data from day 8 to 16, may have been 

exacerbated by lower larval numbers, data collection techniques and staff know-how. 

After around d10, the rate of survival generally improved, indicating previous survival issues was likely due 

to larval quality or technique.  It was deemed that facilities were a slightly lower contributory factor than 

initial larval quality as the setup remained fairly consistent throughout the D-larval incubation. 

 

 

Figure 131.  Survival (%) of larvae for 2017 (left) and 2018 (right) batches. Note the starting point is from dpf 3. Batch dates are as 
follows [yymmdd]: A= 170426; B= 170509; C= 170516: D= 170524; E= 170530; F= 170606; G= 170801; H= 170822; I= 170920; J= 

180319; K= 180515; L= 180519; M= 180522; N= 180614; O= 180620; P= 180627; Q= 180710; R= 180711; S= 180718. 

The best performing batch of the project was the last batch of larvae incubated (Batch S 180718, Figure 

131) and they provided more than the full requirement ~60 million of larvae for transfer to spool tanks.  

The target larval number required for the 6 spool tanks was 56 million, i.e., 8 million per spool tank, Section 

12.1.5 ).   

Interestingly, batch 180718 had a high initial stocking in the LRT (467 M).  As seen in Figure 131, the batch 

underwent a similar earlier poor survival rate up to approximately day 12 (Figure 131).  Survival rates then 

improved from around day 15 and until settlement (from day 21).  The 180718 batch were transferred at an 

average length of 269 µm on day 20, 21 and 22 (at the first signs of rafting). 

In examining the relative success of batch 180718 it was not clear why this batch performed better.  Several 
factors may have contributed more to the successes.  These are listed below and have been tagged with *, 
** and *** reflecting increasing likelihood of their positive impacts: 

• *Broodstock were older and larger compared to many previous batches (this stock had been sourced 
from mooring ropes rather than the grower ropes on the farm) 

• Broodstock had been individually cleaned, scraped, and rinsed.  This process had taken four days with 
two people spending ½ day per day. 

• During the broodstock cleaning, they were treated with repeated external disinfection (1 x per day) for 
4 days – with a freshwater – sodium hypochlorite solution – freshwater bath.  A final bath treatment 
was done prior to spawning (refer to Section 11.3.1 ). 
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• ***Spawning continued spontaneously at 16 °C for approximately 8 hours before needing thermal 
cycling indicating the stock were spawning-ready. 

• * Higher number of eggs were stocked to the LRT (467M), of which, around 42% were non-viable 
deformed or trochophore at 2 dpf 

• ** The larger number of larvae allowed the batch to be more ruthlessly graded and so more of the 
smaller grade were discarded, especially during the first week 
➢ The records of early larval observations included observations of ‘problematic’ swimming etc., but 

these poor doers were mostly graded out by d4.  The remaining larvae generally displayed more 
confident swimming throughout the incubation. 

• *** There was a higher larval stocking density in the IC tanks so may have improved operation of the 
protocols (e.g., feed calculations). 

• ** More staff were available to undertake husbandry and strict hygiene measures (this was due to 
availability of summer students - 4 staff were available to cover the week so minimum of 2 staff were 
available per day)  

• Bacterial growth on TCBS was present throughout larval incubation, however, there were fewer CFUs 
compared to some other batches and these colonies tended to grow faster (producing a larger colony 
size) but more presented with a yellow-coloured colony rather than green/blue CFUs (which was less 
likely to cause vibriosis – refer to Section 11.5.6 ). 

• * The lipid droplet content was observed to be higher compared to some other batches.  This was 
possibly related to a slight increase in feeding rate > d15.   

• * Measurement of algal residuals using a new fluorometer (Section 11.15.4 ) helped speed up the 
assessment of residual algal densities. 

• * Improved dosing pump control was instigated with updated procedures for calibration (Section 
11.15.11 ) 

• ** Algae quality appeared to be better throughout this batch (with fewer algae crashes observed in the 
dosing tank) 

 

Reported elsewhere, typical overall survival of bivalve larvae to spat of can be around 25%, but this is highly 

variable.  It is common to have losses of around 50% during larval incubation due to mortalities and losses 

from grading.  Losing a further 50% of these during metamorphosis is also common, owing to the complex 

metamorphosis process (loss of vellum, changes to feeding from vellum to gills, reorganisation of 

structures) and that this is a period where the larvae are not able to feed, so rely on energy reserves, as 

well as display very different behaviour patterns.   

From this general statement of survival, the mussel larvae used during this project had a much lower 

survival to metamorphosis than the potential 50% reported for other bivalves. 
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Section 12 - Larval Settlement 
Despite the considerable and extensive efforts by the project team, as described above, the repeated 

unsatisfactory survival rates during larval rearing prevented the Stepping Stone project from achieving 

clarity over the subsequent rates and the refinement of protocols required for settlement.  Instead, it was 

deemed a higher priority to focus on techniques that might improve survival rates at the earlier stages 

rather than to test the settlement of non-commercially relevant numbers of larvae.   

Out of the nineteen main batches trialled, four yielded sufficient larvae for metamorphosis and settlement 

so these alone were transferred to the settlement phase.  Only one of these batches had sufficient larvae to 

stock at the desired stocking rate.   

12.1 Spatting to ropes 
Mussel larvae were transferred from the IC tanks and into the spool tanks for spatting.  Lengths of ropes 

were available for the spat to settle onto in the spool tanks 

Spools (Section 12.1.1 ) were typically wound with hatchery spatting rope imported from Donaghy’s Ltd., 

Australia.  The rope was made from polypropylene and had an open looped external surface with abraded 

surface and a weighted core.  After the spat had been stripped and re-socked onto grower rope at the farm 

the hatchery spatting rope could typically be reused. 

Ropes needed to be as clean as possible before winding to the spools to reduce organic residues in the 

spool tank as they can lead to unwanted bacterial growth.  It was possible to pressure wash the rope prior 

to use to help clear any biofouling and to plunge the rope into a harvest bin of filtered seawater, repeating 

until the water is clear (e.g., 10 fills). 

12.1.1 Spools 
Spools were fabricated from 316 SS and one spool was formed for each of the six available spool tanks 

(Figure 132 and Figure 133). 

 

Figure 132.  Spool in spool tank, NAFC Marine Centre, with central axel for attachment to winding machine. 
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Figure 133.  Spool tanks with spools in place (plastic steps for access) 

 

12.1.2 Winding rope onto spools 
A spool winder machine was also fabricated from 316 SS (Figure 134).  

 

Figure 134.  Winding of rope onto spool 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A 
Hatchery Manual 

 

Section 12 - Larval Settlement   Page 177 
 

A central axel on the spools could slot into nylon bushes on either side of winder to hold the spool in a 

horizontal position.  A plate on the axel could be bolted to the gearbox of the hydraulic motor (reduction 

gearbox driven by hydraulic motor to achieve between 5 - 40 rpm, Spencer Carter Ltd.).   

The forward/stop/reverse lever with a variable speed control valve with built in pressure relief was 

positioned close to the operator (Figure 134).   

The hydraulic power pack (1.5 kW 8l/min power unit with 15 litre tank 75 bar, Spencer Carter Ltd., Figure 

135) was electrically activated via a foot controller.  A risk assessment was prepared to control for the 

entanglement hazard and a latching emergency stop button was also included to isolate the hydraulic 

power pack. 

 

Figure 135.  Spool winder machine, forward/off/reverse lever on left with speed control, hydraulic gearbox and motor beside axel 
and hydraulic power pack on right 

Rope was wound relatively firmly around the spool rods without placing undue tension on the rods and 

frames.  A spacer was included (Figure 136) at the midway point along the spool rods to help maintain the 

distance between each tier and to reduce distension in the rods (if the rods became bent under the tension 

of the rope, the ropes could begin to bunch together, restricting the surface area available for settlement). 

The ropes were wound with an approximate finger-width gap between each wind.  Each spool held around 

400-500 m of rope. 
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Figure 136.  Central spacer bar for mussel rope spools 

Rope tester piece to monitor settlement 
A short section of rope was also cable tied to the spool (terminated with red insulation tape, Figure 137).  

These were detached and checked for settlement before the ropes were oversocked (Section 12.2 ).  The 

section of sample ropes needed to be cable tied in an accessible position (i.e., they should not be too deep 

in the spool tank). 

 

Figure 137.  Examples of spools wound with rope.  Section of sample rope used to measure settlement success is cable tied to 
exterior tier of spool rope (red ends) 

 

12.1.3 Aerating the spools 
Water circulation through the spool was achieved with an air uplift.  The circulation helped to distribute 

food and larvae, but it was also thought the resulting water flow helped to strengthen the mussel’s byssal 

attachment to the hatchery rope. 

To achieve an even water circulation throughout the rope tiers the spools were aerated from the base via a 

leaky pipe (Figure 138).  A section of braided flexible hose (1/2”) was passed through the centre of the 

spool and coiled around the base from the centre to the outside.  The hose was kept in place with cable ties 

and the winding mirrored the pattern and direction of winding of the rope.  The end of the hose was 
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terminated with a barbed end piece stopper then small holes were drilled along the hose’s length at 

approximately 5 cm spacing. 

Aeration of spools was generally quite high, however if the water started to foam or flocculate the level of 

aeration was reduced. 

 

Figure 138.  Aeration coil around base of spool tank 

 

12.1.4 Disinfecting the spool tanks and rope 
The spool tanks were cleaned (Section 11.11  and Figure 117) at approximately the time of broodstock 

spawning (usually just before).  The rope-wound spools were placed into these tanks and the tanks were 

filled with heated seawater (16 °C, approximately 1000 l).   

The ropes were disinfected by adding 10g of calcium hypochlorite per tank (70% active chlorine, Shock 

Granules, UK Pool Store Ltd.).  Before adding, a solution of calcium hypochlorite was prepared by mixing 

the granules in a 20-litre bucket and then dispensing the solution proportionally to each tank. 

After gently aerating the spools for 24 hours and being careful to ventilate the room and to keep any foam 

or treated seawater from operators, the disinfected seawater solution was dropped from the tanks and a 

flow-through of fresh, heated seawater was started.   

A continuous supply of seawater was provided throughout the period of larval cultivation in the IC tanks (3 

weeks).  It was necessary to maintain a stable temperature (16 °C) to microbially mature the ropes and 
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stabilise the bacterial population.  This was achieved with a seawater flow of 1 – 1.5 l/min per spool tank.  If 

temperatures were to vary there was a high chance that the bacterial populations could crash and be reset, 

requiring another period of maturation. 

12.1.5 Transfer of larvae to spool tanks 
All larvae that were ready for settlement (Section 11.9.8 were collected firstly to a grading screen and dried 

into a ‘cake’ by soaking away seawater onto a tissue that was applied to the underside of the screen (Figure 

139).  The standard tissue was a relatively cheap janitorial tissue (blue roll), but it may have been better to 

use tissue that was deemed free from any potentially harmful dye or chemicals. 

The larvae could be gently scooped into a container and weighed, or the grading screen tared, and dried 

larval weight determined (Figure 140).  Eight grams of larvae were transferred to each spool tank.   

 

Figure 139.  Drying larvae to a ‘cake’ with a tissue 

 

Figure 140.  Assessing weight of larval ‘cake’ 
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Future hatchery work would need to assess the number of M. edulis larvae per gram. 

This would be achieved by counting 0.1 g weighed accurately, making up the larvae to 1 

litre then replicate sample counts made. 

Larvae were scraped into a weigh boat using a plastic tool and some seawater was added to resuspend the 

larvae before adding them into the spool tank by gently pouring them from around the surface of the spool 

(Figure 141).   

 

Figure 141.  Stocking a spool tank with mussel larvae 

Some algae had been added to each spool tank and a banjo screen in place over the outlet before the 

larvae were transferred (minimum mesh size of 120 µm, but 150 µm or 180 µm also used depending on 

larval size).  After approximately two days, the larvae should begin their settlement to the ropes.   

12.1.6 Larval numbers transferred to spool tanks 
There was a significant increase in larvae transferred to spool tanks in the 2018 season compared to the 

2017 season (Table 11). 
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Table 11.  Number of larvae (millions) transferred to spool tanks 

Year Average ± SEM number of 

larvae (millions) 

transferred to spools 

Total number of 

larvae (millions) 

transferred to spools 

Number of batches 

making to 

settlement stage 

2017 10.00 ± 00.00 10.00 1 

2018 26.31 ± 29.63 78.94 3 

TOTAL 22.24 ± 25.53 88.94 4 

 

12.1.7 Spool tank husbandry 
Comparatively little husbandry is required during the spatting phase.  Spool tanks were not cleaned for the 

three-week incubation. 

On the day after stocking, the aeration was stopped to observe the stock.  If the larvae were observed on 

the tank floor at this point, they had not the means to settle, and these larvae would die.   

Every day, around ¼ of the tanks were monitored by cutting off tufts of the rope (Figure 142) with scissors.  

If larvae were found, they were observed for: 

•  Gill activity (Figure 143) 

•  Gut 

•  Fouling 

 

 

Figure 142.  Tuft of hatchery rope on Sedgewick rafting slide, some spat on rope 

 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A 
Hatchery Manual 

 

Section 12 - Larval Settlement   Page 183 
 

 

Figure 143.  M. edulis spat with gills and foot 

As pediveligers stop feeding the larval guts would become lighter coloured for the first few days.  Algal feed 

was increased until the algae residuals indicated the larvae were not able to feed more.   

If dead shells become apparent, there could be a problem with the culture or conditions.  70-80% dead 

larvae were deemed a batch ‘failure’.  If these rates were observed, the spool and ropes would be 

disinfected (Section 12.1.4 ), aerated, tanks cleaned out and the complete incubation process started again 

from initial spawning. 

12.1.8 Spool tank observations 
Each day, records of temperature, dissolved oxygen, seawater flow rate, water colour, visibility of spat and 

algal residuals were recorded to a record sheet (Figure 144) before transferring the data to the Daily Record 

Sheets on Excel 365. 

 

Figure 144.  Daily Record Sheet for Spool Tanks 

 

Date DD MM 2018 Initials Batch

Temp AM 

(°C)
DO (%sat)

Flow (Head at 

Correct 

Height?)

Spat Visible?
Water Colour 

(0 Clr, 1 Lght , 2 

Gd, 3 Drk)

Residuals 

(Adjusted)
Fluorometer 

Reading

SP1 SP1 SP1

SP2 SP2 SP2

SP3 SP3 SP3

SP4 SP4 SP4

SP5 SP5 SP5

SP6 SP6 SP6

Comments

Dosing Pump (l/min) Residuals
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12.1.9 Assessing density of spat on the rope  
After 3 weeks the spat was ready for transfer to the nursery site (Figure 145).  

 

Figure 145.  Donaghy’s hatchery rope with some hatchery-reared mussel spat (some spat settlement but very poor 
numbers/coverage) 

The sample rope section tester (Section 12.1.2.1 ) was detached and 100 mm measured off and placed in 

seawater.  A clean toothbrush was used to gently remove the spat from between the rope fibres.  All spat 

were transferred to a Sedgewick rafter and counted.  The minimum larval requirement was 300 per 100 

mm section of rope.  If more than 500 were observed this was recorded as >500. 

Spat for transfer should ideally be > 0.5 mm in length (examples of spat in Figure 146 and Figure 147).  

Smaller spat may survive the transfer, but they were much more difficult to count.   

Perhaps a more accurate rope density would be achieved by taking several (e.g., up to 6 x rope section 

samples) from various places on spool. 
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Figure 146.  M. edulis spat, with foot 

 

 

Figure 147.  M. edulis spat 

12.2 Oversocking 
A reduction in culture temperature of the spool tanks to ambient seawater temperature was achieved by 

reducing the temperature of the heated seawater by 2°C per day.  This was done until no heating was 
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required, and the heater was turned off (very slightly above ambient temperature due to gains in pumping 

and pipework). 

Since spat could detach or be knocked off, retention of the hatchery-reared spat on rope after transfer was 

increased by oversocking.  This process is standard practice in the mussel industry and usually known as 

retubing - where small grades or other year-classes of seed are ongrown but need to be held beside a rope 

core until they have securely attached byssal threads.  A knitted cotton sock provides enough tension and 

helpfully naturally degrades in seawater so doesn’t confine the growing mussel stock indefinitely. 

12.2.1 Cotton Sock 
Because of the spat’s size, the sock used for the hatchery rope was of a finer knit compared that used for 

retubing of commercially on-grown mussels. 

12.2.2 Oversocking Machine 
A machine to oversocking the hatchery ropes was fabricated from 316 SS (Figure 148).   

 

Figure 148.  Oversocking machine – spatted hatchery rope on spool being unwound and oversocked 

The spatted rope was wound off the spool by the means of a wheel fitted with v-notches that gave a 

circumference of 1 meter.  A digital counter with magnetic sensor was added to the wheel to measure rope 

lengths. 

With having long (detachable) hydraulic hoses, the hydraulic powerpack, control system, gearbox and 

hydraulic motor from the spool winder was used to power the oversocking machine (Figure 149).   
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The spindle arm was pivoted near the winding wheel and could move left and right to match the position of 

the rope as it wound off the spool. 

 

Figure 149.  Hydraulic motor, gearbox and control system used to control winding wheel.  Hydraulic hoses and fittings had 
detachable couplings. 

 

The oversock was added manually to pipe spindles (Figure 150). 
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Figure 150.  Adding oversock to spindle pipe 

As the rope was paid-out it was threaded up and through the loaded spindle pipe (Figure 151).   

 

Figure 151.  Cotton oversock loaded to pipe spindle 

The cotton oversock surrounded the hatchery rope and was conveyed into a harvest bin for onward 

transfer to the nursery site (Figure 152). 
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Figure 152.  Hatchery rope being fed from spool up the spindle pipe (bottom of figure) with a load of oversock in place on pipe 
spindle (picture shows oversock is half deployed). 

 

 

Figure 153.  Oversocked hatchery ropes. 
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If there were a backlog of oversocked ropes they were held in filtered seawater, which was drained prior to 

transfer to sea. 

12.3 Transfer of spatted ropes to sea 
Careful communication was required to organise the transfer of ropes to the farm nursery site (Figure 154). 

 

Figure 154.  Example of mussel farm site – nursery for hatchery-reared spat 

Ropes were labelled to identify source, spool number, batch, and deployment date.   

A calm weather window was also chosen to minimise stress to the spat. 

 

Figure 155.  Transfer of oversocked hatchery rope to workboat 
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The continuous hatchery rope was tied to headlines at the mussel farm (Figure 156). 

 

 

Figure 156.  Deployment of hatchery rope at nursery site. 

 

Once at sea the spat grew well, however full assessment was not possible as the spat stocking density was 

low, allowing the ropes to be biofouled (Figure 157). 
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Figure 157.  Hatchery reared spat on nursery site.  Low stocking density likely contributing to biofouling. 

 

12.4 Recommendations for future improvements to larvae production 
Further to the indications provided in the text above, some general future improvements to larvae 

production include improving the quality of gametes.  This was determined to be a critical input to a future 

commercial hatchery.  Honing of depuration protocols and screening of the broodstock prior to spawning, 

along with looking for signs of infection and possible microbiological testing of the gonads could be used to 

reject broodstock (individuals or batches).  Similarly, regaining some control over spawning timing and 

success through supplementing and conditioning broodstock prior to spawning was highlighted as a very 

advantageous step.   

Adjusting protocols and improving pipework designs to reduce proliferation of bacteria would be helpful.  

This may also be achieved by increasing the flow through and modifying the temperature and algal 

densities within the culture tanks.  Mechanical cleaning may not be sufficient and “swob tests” should be 

taken to ensure surfaces and equipment are sterile after cleaning. 

Maturing the culture water with a range of K-selected bacteria (slow growing, often larger more stable 

biological communities) or other probiotic bacteria may also be a useful addition to production 

methodologies; however, this may require a bespoke product.   
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Addressing the potential influence from inhibitors (algal toxins or otherwise) and possible means of 

preventing/reducing these would also be beneficial for minimising incidence of deformities in trochophore 

and D-larvae. 

 

Section 13 - Microbiological sampling of culture water 
During times were there was no requirement for a detailed microbial investigation, one IC was sampled for 

microbiology per day.  The IC tank was chosen at random using www.random.org.  A sample of culture 

water was prepared by dipping a freshly autoclaved test tube (prepared over the previous night, Figure 

158) into the culture water using a clean glove. 

 

 

Figure 158.  A rack of glass test-tubes with removable aluminium caps used for sampling water and cultures.  Picture taken before 
autoclaving. 

 

An additional daily sample was taken from the algae feed hopper.  These samples were transferred to a 

test-tube rack on ice before plating as it was not always possible to load samples to agar plates immediately 

after collection. 

When a microbial concern had escalated or an investigation was required to monitor impacts of changes a 

Microbial Requisition form was completed to help co-ordinate the reasons, the sampling regime and 

recording and presenting of results (Appendix 9). 

  

http://www.random.org/
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Section 14 - Microalgae cultivation as an algal feed for hatchery 

production of Mytilus edulis spat 
 

14.1 Introduction to the culture of microalgae for bivalve production 
Live microalgae are used widely as feed for shellfish production, including for the culture of mussel larvae. 

The three microalgae species used during this project were the diatom Chaetoceros calcitrans (C. cal.) and 

the two flagellate species Diacronema lutheri and Isochrysis galbana (T-iso).  Each of these species are used 

commonly in bivalve hatcheries and can be mass cultivated in hatchery conditions (Figure 159).  When used 

in combination, have an overall nutritional composition adequate for the development of mussel larvae. 

         

Figure 159.  Algae cultivation examples: flasks, carboys, and bags 

Production of sufficient microalgal diet for mussel larvae is obtained through serial subculturing of algal 

cultures into increasing volumes of culture media and cultivating these until a required volume and density 

are reached. 

If appropriate physical, chemical, and environmental conditions are provided, each subculture of algae will 

typically cycle through a growth curve – an initial lag phase of acclimatization, an exponential growth 

phase, a declining growth phase (i.e., a slowing of population growth when a factor(s) has become limiting), 

then a stationary phase and ultimately culture decline or death (refer to Section 14.5 ). 

The ideal time to harvest from algae cultures is towards the end of the exponential growth phase, just 

before the cultures become limited (light limiting is most typical but may also be nutrient or another 

factor(s)).  Algae harvested at this point in the growth curve are then used to inoculate new cultures and/or 

fed to mussel cultures and this takes advantage of the best algae quality and density being found at this 

point on the growth curve. 

In the Scottish Shellfish Hatchery Stepping Stone pilot hatchery for Mytilus edulis, C. cal. was produced in 

batch culture, with ten 15 litre carboys produced per day, while both flagellate species were cultured in a 

continuous SeaCAPS system (160 litres per bag, 5 bags each of the two flagellate species).  The production 

methodologies, from master culture to harvested algal feed are detailed in Section 14.7 . 

Hygiene within the cultures and in the culture environment is critically important.  Bacteria in the cultures 

must be kept very low or ideally completely absent to ensure these do not outcompete algal cells within 
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the cultures or increase to levels potentially detrimental to the larvae being fed.  We will begin this section 

by considering various techniques used to maintain good hygiene and biosecurity. 

14.2 Biosecurity, hygiene, disinfection, and sterilisation 
Cultures free from bacteria are usually best for the successful mass production of microalgae in aquaculture 

situations.  A range of different methods and equipment can be used to achieve disinfection and 

sterilisation.   

For clarity, disinfection describes attempting to improve hygiene by removing potentially problematic 

microorganisms, sterilisation describes treatment designed to kill all microorganisms. 

14.2.1 General biosecurity 
To maintain good general biosecurity and to minimise the spread of potential contaminants and pathogens 

within the Stepping Stone pilot hatchery, the following routine precautions were taken throughout the 

hatchery: 

• Each production area (microalgae, mussel larvae, mussel broodstock) was kept physically separate 

and distinct from each other and each area had its own designated staff and hand-sanitization 

stations and footbaths, more details below. 

• The movement of hatchery personnel between production areas was restricted and personal 

protection equipment (boots, overalls, gloves, safety glasses, waterproofs) were area-specific and 

marked as such. 

• Sharing of equipment between areas was avoided by colour-coding equipment from each area. 

• Rigorous cleaning and disinfection of floors, tanks, surfaces, and equipment was carried out 

routinely, again using area-specific cleaning materials and equipment, more details below. 

The initial pumping, filtration, and treatment of the seawater intake supply has already been described in 

Sections 8.6 to 8.16 of this manual. 

During the 2017 season, a separate seawater supply was provided to the algae cultivation area but, as this 

was the only area receiving this relatively low waterflow, the pipework was changed in 2018 to allow the 

algae area to receive the same heated seawater as supplied elsewhere (to the mussel cultivation areas).  

This not only reduced the number of live pipelines but seemed to improve pipe cleanliness due to the 

greater throughput of seawater.  

An electric fly killer was provided in the algal-bag room. 

 

14.2.2 Footbaths 
To help reduce cross contamination between areas, chemical footbaths were provided at the entrances to 

each algae production area for the disinfection of footwear and were used without fail.  The disinfectant 

(Virasure, Fish Vet Group or Iodophore, Shetland Janitorial) was used in the footbaths and prepared by 

dissolving it in cold freshwater in a bucket, following the manufacturer’s instructions and recommended 

concentrations.  Since Virasure loses its pink colour when spent, this was used as an indicator of 

effectiveness, but footbath contents were renewed at least weekly or more often if required.  Each time a 
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footbath was renewed, it was also rinsed before refilling because any dirt and/or organic material present 

de-activated the disinfectants.  Only footwear allocated for algae culture rooms were used in the footbaths 

for the algal rooms, in accordance with the general biosecurity policy of physically separating production 

areas.   

14.2.3 Hand sanitization 
Foaming hand sanitizers (InstantFoam, Deb) were also permanently fixed to walls for use by staff when 

entering and exiting different hatchery production areas and the individual rooms within each area (such as 

the master culture room within the algal cultivation section).  These were particularly helpful in the algal 

section for quickly disinfecting hands. 

14.2.4 Surface disinfection 
All culture equipment, materials and work areas were disinfected regularly.  During the project, 70% 

ethanol (aqueous) solution was the primary disinfectant used and was sprayed to surfaces from a small 

plastic garden sprayer.  Alternatively, alcohol wipes (PalTX) were used to clean some less critical work 

surfaces. 

14.2.5 Ethanol: 70% 
Ethanol can be bought as 96% (e.g., TechniSolv, VWR) or 98% solution and diluted with cold tap water or 

deionised water to make up a 70% solution.   

Ethanol is highly flammable and so stock solutions needed to be kept away from ignition sources and in a 

lockable, flame-proof safety cabinet.  Ethanol is also expensive so buying in bulk was cheaper long-term 

although this had to be balanced with the availability of safe and secure storage.  Pre-diluted 70% ethanol 

solution can also be purchased but due to the large volumes required, that proved to be a more expensive 

option. 

14.2.6 Air supply hygiene and biosecurity 
When larger volumes of algae were being cultured (> 200 ml), aeration was provided to the cultures to help 

with mixing, exposing all algal cells to the external light source and to provide a source of carbon dioxide to 

sustain growth.  To reduce the risk of contamination, it was important that the air was mechanically filtered 

and so the air supplies had individual in-line filters (mechanically sterile using 0.2 μm pore size (Millex-FG). 

The air filters were reused, with filters being autoclaved (wrapped in tin foil) between use.  Air filters were 

only replaced once they became partially blocked and no longer allowed the required level of air flow.  This 

re-use of autoclaved air filters also helped to reduce consumable costs. 

When connecting the filter to the air supply it was very important to handle them with care and not to 

touch the open ends.  It was also helpful to spray the connecting tubing and equipment with 70% ethanol 

beforehand.  Care was taken so no liquid (particularly algae culture) came into direct contact with filters, 

otherwise they could quickly become blocked.   

Despite wrapping them in tin foil beforehand, the paper discs inside the air filters sometimes became damp 

during autoclaving, causing partial blockage and lowering of air flow rates.  Valves regulating air supply to 

affected flasks could be opened to compensate for this.  However, since the filter paper eventually dried 

out completely in the current of supplied air, it was very important to monitor and re-set aeration levels 

during the first few hours of using freshly autoclaved air-filters to avoid over-vigorous aeration of cultures 

once the papers dried out. 
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14.2.7 Sterilisation of equipment and culture media by autoclave 
Autoclaves are pressure vessels that achieve sterilization through a combination of heat and pressure. 

Throughout the project, there were three autoclaves at the NAFC Marine Hatchery (Figure 160).  Each had 

different capacities (9, 60 and 450 litres) and were used according to daily requirements. 

(A)    (B)    (C)  

Figure 160: Autoclaves at NAFC Marine Hatchery: (A) Clinical Autoclave Prestige Medical Model 210002; Autoclave Priorclave 
models (B) PS/MID/C60 and (C) PS/RSC/EH700 

 

Before operating an autoclave, the user must be adequately trained; read and comply with the respective 

manufacturer’s manual, Standard Operating Procedures, Written Scheme of Examination (Appendix 2), and 

related risk assessments.  In addition, all autoclaves require frequent, maintenance inspections by the 

operators, inspection by insurance inspector (for pressure vessels) and routine servicing by a professional 

service engineer at least every twelve months (every six months in the case of the PS/RSC/EH700 

autoclave). 

14.2.8 Clinical autoclave Prestige Medical 2100 
Due to its small size, the Clinical Autoclave Prestige Medical 2100 (medical autoclave) was used to sterilize 

materials such as forceps, filters, and glass test tubes.  The small size of the unit (9 litres) also meant the 

cycle was shorter (< 1 hr), making it useful in situations where materials and equipment needed to be 

autoclaved quickly for urgent use and/or when items needed to be used and re-sterilized several times a 

day.  This model did not allow operators to adjust the cycle parameters, instead these were fixed at 126 °C 

for 11 min. 

14.2.9 Priorclave autoclaves 
The two Priorclave autoclaves in the hatchery had programmable cycles and were used daily during 

production, often twice a day.  Both had safety vents that could discharge steam to outside externally via 

fixed copper pipework (the outlet was positioned approx. 2.5m above ground level so highly unlikely for 

steam discharges to be a risk to personnel). 

The heating cycles of the autoclaves were calibrated and validated using a temperature probe positioned 

inside 6L glass flasks or 16L carboys that contained culture medium.  This demonstrated that a routine high-

pressure cycle of 30 min at 121°C achieved sterilization of all required volumes of the culture media.  With 

these parameters selected (and the cooling fan set for rapid cooling of the unit once the chamber 
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temperature fell below 100 °C) the complete autoclave cycle took about three hours.  Therefore, if 

required, it was possible to perform up to three cycles per 24 hours: two during the working day and one 

overnight. 

When in use, the autoclaves transmitted heat into the surrounding room, sometimes making it 

uncomfortably warm for staff working nearby.  This was particularly a problem if operating the EH700 

autoclave during workhours.  It was common therefore to only run the EH700 overnight, whenever 

possible. 

During full production, the most efficient and routine management of the two Priorclave units were as 

follows: 

Autoclave Priorclave model PS/MID/C60 (C60) 
Equipment routinely autoclaved overnight in C60 ahead of requirements on the following day: 

➢ Flask to carboy transfer tube 

➢ Syringe and silicone tube with weights for sampling carboy tank 

➢ Silicone tube with air filter for maintaining harvested diatoms in carboy tank (Section 14.8.1 ) 

➢ Empty glass test tubes (20 ml) covered with aluminium lids for sample collection 

➢ Aluminium test tube racks 

➢ Glass spreaders used to spread inoculum on agar plates, wrapped in aluminium foil 

➢ Tips for automatic pipettes in storage rack boxes (1 ml blue and 0.2 ml yellow) 

➢ Additional materials also autoclaved as and when required for sample dilutions: 

o Small amount of seawater in glass bottle (Duran), ensuring screw lid was not tightly closed 

o Eppendorf tubes in closed box rack 

o Hoses and equipment for inoculating a new SeaCAPS bag (Section 14.4.2.5 ) 

Equipment occasionally autoclaved in C60 during normal workhours: 

➢ Preparation of marine agar (Section 14.3.1 ), also using the “media” function of the autoclave to keep 

the temperature of autoclaved contents above 45 °C (45 – 55 °C) to allow some time flexibility when 

pouring agar plates as the sterilised culture media remained liquid at this holding temperature inside 

the autoclave 

➢ Sterilising microbiological waste (mainly used agar plates, Section 14.3.1.9 ). 

➢ Preparation of additional culture flasks if insufficient room in the EH700 autoclave. 

 

 Autoclave Priorclave model PS/RSC/EH700 
The EH700 autoclave (a.k.a. ’The Beast’, Figure 161), had a relatively high capacity and was routinely used 

overnight for autoclaving carboys (up to 10 carboys per cycle).   
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Figure 161.  Autoclave Priorclave model PS/RSC/EH700 (“The Beast”). 

 

Carboys were first loaded into cassettes (5 per cassette) which were then rolled from a trolley directly into 

the autoclave.  A second trolley and set of cassettes (Figure 162) were manufactured onsite to help improve 

the management of carboys as it became apparent that the carboys needed to cool on the trolley outside 

of the bag room to help reduce daily temperature fluctuations within the bag room.   

The carboys were recovered from the autoclave first thing the following morning.  Their bungs were 

immediately and individually pressed down firmly.  After several hours, the carboys had cooled with most 

of the heat being released into the room and were then transferred to the shelves in the culture room 

where they were left to cool down overnight to room temperature (see Section 14.7.2.4 ). 

 

 

Figure 162.  Autoclave Trolley and load of ten carboys in loading cassettes prior to autoclaving in EH700 
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The EH700 was also used for autoclaving batches of algal culture flasks once or twice a week during 

workhours.  Six litre flasks were usually autoclaved in batches of ten, or in combination with smaller flask 

volumes.  Flasks with tight-fitting bungs were autoclaved with the bungs only loosely placed at the neck of 

the flask to reduce the risk of breakages when a sealed vessel is subjected to a pressure differential during 

the autoclave cycle.  Hands were disinfected thoroughly before opening the autoclave (Section 14.2.3 ) and 

handling the autoclaved materials.  The bungs needed to be firmly closed (pushed in) after recovering the 

flasks from the autoclave to reduce risks of contamination.  It was general practice to check all flasks 

stoppers by pressing down on the bungs when taking flasks from the autoclave. 

With their significantly lower volumes, flasks cooled faster on the cassettes than carboys, however larger 

volume flasks (e.g., 6 litre) still required around 1 day to stabilise at room temperature and be ready for 

inoculation.  In an emergency, flasks and carboys were cooled quickly using a cold-water bath (and 

sometimes with ice). 

If faults developed in either the Prestige Clinical or the Priorclave C60 autoclave, they could be temporarily 

replaced by the EH700 autoclave.  However, we had no suitable alternative if the EH700 developed a fault 

and, because of the number of autoclaved flasks and carboys needed daily, production of C. calcitrans 

would stop in this eventuality.  On a couple occasions when the EH700 was out-of-service due to 

component failures, chemical sterilization of culture media in carboys was attempted (adding 14% active 

chlorine sodium hypochlorite to carboys of seawater overnight at a concentration of 4 ml/l and neutralised 

the next morning by adding 2.5 ml of sodium thiosulphate stock solution (320 g/l, renewed weekly).  

However, it was found to be logistically unfeasible due to the time required and the volumes needed daily. 

There was also uncertainty whether the level of sterilization achieved was sufficient.  These considerations 

highlight the need for a fully functional and reliable autoclave unit.  The capital costs of these larger 

autoclaves make it unlikely that a small commercial hatchery could afford the luxury of a second stand-by 

EH700.  Regular maintenance and daily checks of this vital piece of equipment with onsite spares are 

therefore essential in identifying and fixing any potential issues as early as possible. 

 Autoclave cycle settings 
With some initial concerns over media not reaching the desired temperature profile of > 90 °C for 30 min, a 

trailing thermocouple probe was added to the C60 and EH700 autoclaves.  The thermocouple was 

positioned in the flask/carboy that was most likely to be in the ‘coldest’ part of the chamber (central 

position).  Addition of free steaming was observed to be very important to purge the colder air from the 

unit and to help speed up the autoclave cycle process.  Observations showed that the following autoclave 

settings to be satisfactory in reaching the desired temperature profile: 

• C60 autoclave 

o 0 min free steaming + 121 °C for 20 min (media warming on if required) + rapid cooling 

when below 100 °C 
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• EH700 autoclave 

o Program #1; 15 min free-steaming + 121 °C for 35 min – used for a load of 10 x carboys + 

rapid cooling when below 100 °C 

o Program #2; 5 min free-steaming + 123 °C for 20 min – used for flasks + rapid cooling when 

below 100 °C 

 Changing water in autoclaves 
Each week, the autoclaves were subjected to careful maintenance checks and the water in the reservoir 

was exchanged.  A wet/dry vacuum cleaner was used to suck the reservoir water from the two larger 

autoclaves and the units cleaned carefully with a cloth.  The water reservoir in the C60 was re-filled to the 

required safety level by hand, using cold tap water.  The EH700 was connected to the mains cold 

freshwater supply and so, after draining and cleaning, it would automatically refill to the correct level, 

guided by sensors located in the sump reservoir. 

 A typical daily load for the EH700 autoclave (usually set to complete autoclave cycle 

overnight) 

• 8-10 x carboys 

• 1 x transfer hose for inoculating carboys 

• 1 x airline for C. calcitrans tank 

• 1 x box blue 1 ml pipette tips 

• 1 x box yellow 100 µl pipette tips 

• 1 x beaker filled with glass test tubes, each covered with aluminium autoclave cap 

• 2 x test tube racks 

• Bag of 10 ml pipette tips in case carboys need to be sampled 

• 1 x seawater (~400 ml) in Nalgene bottle for diluting water samples prior to plating.  Lid should be 

on but not screwed tight. 

• 1 x bag of 2 ml Eppendorf tubes 

 

 

14.2.10 Laminar flow cabinet 
Laminar flow cabinets are used to reduce contamination when dealing with biological samples in contact 

with air and when handling sterilised materials.  The laminar flow cabinet (LHG-4AG-F8, ESCO, Scientific Lab 

Supplies Ltd., Figure 163) was used throughout the project when inoculating all new flask cultures of 

microalgae; pouring agar plates; sampling for microbiological testing and the streaking of agar plates 

(Section 14.3 ). 
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Figure 163.  LHG-4AG-F8 Laminar Flow Cabinet (Esco) 

Laminar flow cabinets operate by filtering air and providing this mechanically sterile airflow from the top of 

the cabinet to create a positive pressure in the cabinet.  This environment maintains sterility as the airflow 

passes outwards through the front opening of the cabinet and so prevents air borne contaminants entering 

the cabinet workspace. 

If there are air currents in the room, such as those generated by air conditioning or air handling units, 

sometimes these need to be turned off as the air velocity can be greater than that generated by the 

cabinet.  This depends on the rate of air flow are how they are positioned relative to each other.  The 

functioning of the laminar flow cabinet in the Marine Hatchery was tested by a professional service 

engineer.  By comparing the cabinet efficiencies with air-conditioning turned on and off in the room, this 

engineer was able to confirm it was unnecessary to switch off the room’s air-conditioning unit while using 

the cabinet in its present position.  This confirmation was helpful because the high level of lighting in the 

room and the room’s insulation meant the room temperature rose quickly if the air-conditioning unit was 

switched off. 

All surfaces in the laminar flow cabinet were sprayed with 70% ethanol and wiped dry with disposable 

tissue before and after each use.  The cabinet’s internal surfaces were also disinfected by exposure to UV 

light for at least 1 hour after use – UV exposure eradicates biological contaminants in the cabinet.   

After switching on, the cabinet took a few minutes to reach a sufficient air flow to achieve the sterile 

environment be attained.  A clean lab coat was worn, and hands sprayed with 70% ethanol before work 

was started in the laminar flow cabinet (if gloves are worn, they also need to be sterilised), no watches or 

hand/arms jewellery were worn. 

Users kept the number and amounts of materials they placed inside the unit to a minimum.  Items were 

also handled in such a way as to keep everything as clean as possible - usually this meant all items were 
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sprayed with 70% ethanol solution before placing inside the cabinet.  Items were also positioned as far 

from the front of the cabinet as possible and techniques that could incur contamination (such as opening 

flasks) were done well within the cabinet. 

Any spills were wiped up immediately with disposable tissue and the contaminated area disinfected with 

sprays of 70% ethanol. 

A naked flame from a Bunsen burner or small blow torch was also used for aseptic techniques within the 

laminar flow cabinet (Figure 164).  Users ensured the flame was kept away from flammable materials.  The 

regulator for the butane gas cylinder was also isolated and the regulator removed when not in use. 

 

 

Figure 164.  Aseptic techniques in Laminar Flow Cabinet.  Initially a gas torch was used for aseptic techniques as shown here.  Later 
in the project, this was replaced with a Bunsen burner attached to a butane bottle. 

 

After completing each task in the laminar flow cabinet, all equipment was removed, and surfaces sprayed 

with 70% ethanol and wiped with disposable tissue.  The UV-proof cabinet doors were replaced (fitting 

these doors automatically stopped air filtration, but it was best to stop filtration manually).  The UV 

disinfection lamp could then be switched on.  The UV lamp completed its cycle after one hour and turned 

off automatically.  The cabinet was designed so it was not possible to operate the UV without the cabinet 

doors properly in place.  However, should this cut-out ever fail, the UV lamp must be turned off 

immediately and the UV lamp must never be operated with open cabinet doors since UV light can cause 

severe eye damage and can also harm human skin.  To be extra safe, users should avoid looking directly at 
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the UV lamp when it is on, even though the cabinet doors are in place.  Ideally users should not be present 

in the room while this UV disinfection step was active. 

14.2.11 Pasteurising seawater for continuous algal production in SeaCAPS system 
In addition to the seawater filtration and UV disinfection steps described in Section 8.7 , the seawater for 

continuous algal production (SeaCAPS system) was additionally disinfected through pasteurisation before it 

was used as culture water for the algal bags cultures.  Seawater was continuously pumped around the 

circuit from a small header tank via a magnetic pump and the pasteurization process involved heating the 

seawater and maintaining it at a sufficiently elevated temperature to kill potential pathogens and 

microorganisms that would affect the algae cultures.  The system also incorporated a heat recovery stage 

using a titanium plate exchanger.  A schematic for the pasteurisation system is in Figure 165. 
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Figure 165.  Schematic of SeaCAPS pasteurisation unit and connections for steamer (F/W Freshwater, S/W Seawater, PRV Pressure 
Release Valve, ARV Automatic Air Release Valve).  Colours represent temperature (blue ambient, orange pre-warmed, red heated, 

pink cooling, light blue pasteurised with heat recovery) 
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The SeaCAPS pasteurisation system featured a titanium tank and titanium immersion heater (Figure 166).   

     

Figure 166.  SeaCAPS seawater pasteuriser tank as supplied (prior to adding insulation).  Immersion heater (with blue label) and 
external thermostat (copper wire and dial) connected to tank.  Inlet and outlet hoses (silicone + glass) and brass pressure release 

valve are also fitted. 

The tank was modified during the project and a layer of insulation added (Figure 167).  Insulation improved 

the heating efficiency and decreased heat loss into the culture room.   
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Figure 167.  SeaCAPS water treatment system; pasteuriser and plate heat exchanger.  Seawater header tank (black) is also shown 
with float switch control on top of tank. 

Some removable insulation sheets were added to cover the top surface of the tank (Figure 168); however, 

it was found that the immersion heater cover required some ventilation to prevent it overheating.  It was 

important that users did not cover the top surface of the tank completely.  Some insulation was also added 

around the hoses to and from the pasteuriser to reduce heat transfer between the pipework. 
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Figure 168.  Top of pasteurizer tank showing layers of removable insulation sheets.  Access cover to immersion heater exposed to 
prevent overheating. 

Seawater was heated to 80 °C using an immersion heater thermostat (3 kW, 240V) fitted with an internal 

thermostat.  Later in the project, a replacement titanium immersion heater was purchased (also 3 kW, 

240V) that had a longer heating element, making it less likely to overheat if the pasteuriser tank had a gas 

build-up.  A secondary external thermostat monitored the temperature of the pasteuriser tank and cut 

power to the pump if the water temperature in the tank ever fell below 75 °C (the pasteurising 

temperature should ideally remain > 80 °C).  The power to the pump was also cut if there was insufficient 

seawater in the header tank.  This was achieved by a normally open float switch installed to the tank. 

Heat recovery from the pasteurised water was achieved through a plate heat exchanger (UKE2AB, 49 Plate, 

UK Exchangers Ltd., Figure 169) before delivery of the water to the culture bags (Section 14.7.5 ).   
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Figure 169.  Plate heat exchanger, photographed during installation 

 

The accumulation of air in both the pasteurizer and the plate heat exchanger was a problem that affected, 

seawater delivery flow rates and the heat exchanger efficiency, respectively.  The source of the 

accumulated gas was unclear.  Some hatcheries use a glass standpipe with enough height to match the 

pressure in the system (3 psi), the pipe is ‘open’ to atmosphere though a filter allowing for air to escape 

without a release valve.  This was not trialled during the project.  Instead, to assist in removing this 

accumulated gas, the pasteuriser tank was tilted on a slight angle so that the gas collected at the high point 

to aid its removal by venting.  Trials using a continuous draw off (e.g., using a glass Pasteur pipette or 

hypodermic needle inserted in the discharge silicone hose with its own silicone hose to run air and 

seawater to waste (rate controlled by pinch clamp)) and a stainless-steel automatic air release vent (Figure 

170; Spirotop, Spriotech) both improved this venting of accumulated gas, but neither completely solved the 

problem. 

 

 

Figure 170.  Stainless steel automatic air vent (Spirotop, Spirotech) positioned on top of pasteuriser tank 

Some gas may have been liberated during heating of the seawater, although this was deemed unusual (UK 

Exchangers, pers. comm.).  The plate exchanger was tested in an inverted position to investigate if that 

improved the problem of gas accumulation, but it did not. 

In tests to assess whether the accumulation of air in the heat exchanger was associated with the relatively 

slow seawater flow rate, a bypass was installed to return seawater to the supply tank and to achieve a 

faster flow rate through the plate exchanger, however this proved unsuccessful and had a negative effect 

on heat recovery. 

Future investigations should eliminate the possibility of gas ingress at the pump and/or 

the suction side of the pump and to trial a different configuration of the plate exchanger, 

changing the current 6-pass to a 2-pass unit through changing the configuration of the 

plates. 
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Pasteurization does not result in full sterilization.  There were concerns of potential bacterial contamination 

levels if algae cultures should become contaminated by sporulating bacteria, since these spores are known 

to be resistant to heat (presence of these types of bacteria was demonstrated in the associated SAICHatch 

project).   

Mechanical filtration of the seawater prior to pasteurisation may improve hygiene and 

installation of filters to achieve mechanically sterile 0.2 μm filtration could be added.  

Since this would have been costly and had not been tested in this system before, it was 

not possible to fund and trial it within the Stepping Stone project. 

14.2.12 Steam disinfection of SeaCAPS pipelines and plate heat exchanger 
Steam was pumped through the pipelines and heat exchanger of the SeaCAPS system once a week to help 

disinfect the system.  The aim was to keep potential bacterial contamination in the algae cultures at a low 

level, ideally < 1 million CFUs per ml (J. Bayes pers. comm. 2016 and B. Daly pers. comm. 2017.) 

Before operating the steamer (Join 3400, Wigrex, The Netherlands, 3-phase), hatchery staff needed to be 

fully trained; must have read the respective manual and standard operating procedure; read and signed the 

relevant risk assessment and checked the written schemes of examination were up to date and completed.  

As a pressure vessel, the steamer also required regular inspection by insurance inspector (at least once per 

year).  

During steam-cleaning, the seawater system was stopped, and the steamer set to pump steam into the 

delivery pipework at a point in the system that was between the titanium plate heat exchanger and the 

culture bags (Figure 165 and Figure 171).  A series of ball valves and Hoffmann clamps were used to direct 

steam firstly into the pipework (mixture of silicone hose and glass tubing) then, once steaming had been 

completed for that area, to direct steam into the heat exchanger. 
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Figure 171.  Join 3400 steamer (Wigrex, The Netherlands) and valves used during steaming 

 

Protocol for steaming the SEACAPS system 
Wear appropriate PPE (gloves and safety spectacles and overalls) and refer to Risk Assessment for use of 
steamer. 

1. Switch off the seawater pump to algal bags by lifting float-switch on top of header tank.  Ensure the 

float-switch cannot accidentally drop and restart the pump by preventing it from dropping again 

(e.g., by using a white plastic hose clamp to hold it in a raised position). 

2. Close hose clamp on pump. 

3. Close the Red Valve C (Figure 171).  Red Valve C is located between the pasteurised seawater exiting 

the heat exchanger and the culture bags. 

4. Close white plastic ‘feed’ hose clamps to each bag (Figure 172). 

 

Figure 172.  Feedline tubing at the top of an algae bag showing hose clamp for isolating flow into individual bags 

5. Open the two end bypass vents at the end of the feedlines bag system (Figure 173). 

 

Figure 173. Seawater supply feedlines, arrow shows position of bypass that connects supply to harvest lines and hose clamp for 

isolation 

Bypass hose clamp 

Feedline clamp 

(algal bag culture) 
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6. Using a Hoffman clamp, pinch the silicone hose CLOSED at the glass T-piece where the steamer is 

connected so preventing the steam from entering the heat-exchanger (Figure 174). 

 

 

Figure 174.  Position of Hoffmann Clamps 

7. Loosely attach but LEAVE OPEN a second Hoffman clamp to the glass T-piece on the hose leading to 

the algal bags to allow the steam to be forced to the algal-bag harvest and feeder lines. 

8. Vent seawater from the unpasteurised side of the system to waste (onto floor) by opening screw 

clamp located near the heat exchanger, below red valves (Figure 175) 
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Figure 175.  Location of SeaCAPS drain point, closed by hose clamp during operations, opened for steam venting 

 

9. Connect steamer via large black hose connector and open white plastic pinch valve on the steamer 

hose, as in Figure 176. 

 

       

Figure 176.  Threaded connection on outlet of steamer and pinch-clamp used to isolate steamer from SeaCAPS 

10. Fill white bottle at the back of the steamer with freshwater (tap water) using funnel and jug. 

11. Turn on power supply to steamer and initiate steamer using red circular switch. 

 

 

Screw clamp for 

draining system 
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Figure 177. Steamer Controls 

12. Close the steam regulator valve (small black knob) until the steamer has heated up and internal 

pressure reaches 6 bar (a flashing green light will become a steady green light once the system is at 

pressure). 

13. When ready, open the outlet vale by turning the black knob ½ turn + ¼ turn. 

14. To drive the steam to the top of the bag system, it may be necessary to increase the outlet pressure 

of steam further by gradually turning black knob until fully open. (It may be possible to reduce back 

again to ½ + ¼ turn later if preferred). 

15. Open the window to prevent the steam falsely activating fire alarms. 

16. Once a ‘good’ level of steam is seen exiting the harvest pipelines, continue for 10 minutes to get the 

pipework up to a hot temperature. 

17. After the 10 min, partially close the pinch valve bypass at the end of the two harvest channels 

(Figure 173), so there is still a little steam coming from each harvest line.  Steam the harvest channel 

and harvest line for further 20 minutes keeping a careful check on the freshwater level in the 

steamer.  The steamer will automatically switch off once water level drops too low.  It was useful to 

set an alarm to check this every 10-15 minute and top up the steamer with freshwater accordingly. 

18. After steaming the harvest lines for 20 min, the harvest lines were closed using the tube hose 

clamps.  The hose clamps to the bag feedlines were opened and steamed for a further one hour.   If 

there are some bags not being cultured, make sure that the feedlines to these are also steamed. 

19. After 1 hour of steaming the algal bags, close the feedlines to each bag and initiate steaming of the 

plate heat exchanger, as follows: 

20. OPEN Red Valve A to drain and for open steaming of heat exchanger; valve in the pasteurised SW 

line, going to the heat exchanger. 

21. OPEN the ‘Lower Hose’ Hoffmann Clamp (from the heat exchanger). 
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22. CLOSE the ‘Upper Hose’ Hoffmann Clamp (to bags) – i.e., reversing previous arrangement to drive 

the steam through the heat exchanger, rather than towards the algal bag feedlines. 

23. Ensure windows are still open. 

24. If the steam pressure was lowered at stage 15, this will probably need to be gradually increased to 

full again to drive the steam through the heat exchanger. 

25. When a good level of steaming is observed from Red Valve A, open Tap B also (TAKE CARE because 

taps and pipes will be hot and there will be a sudden release of hot water from Tap B which will vent 

the ‘cold’ side of the heat exchanger, which will have become heated through heat transfer from the 

steam on the ‘hot’ side of the heat exchanger – wear gloves and safety specs). 

26. Steam the pasteuriser for 20 minutes with both Taps A & B open.  If there is a little brown 

discolouration in the released water that is not a concern as it will be from build-up of nutrients in 

the heat exchanger. 

27. When steaming has been completed, switch off steamer by closing the output valve small black 

knob and turn off power at red circular switch. 

28. Isolate the steamer from the pasteuriser system by closing the white plastic clamp valve on steamer 

hose and uncouple the hose connector. (Leave hose connector on top of wooden support). 

29. Uncouple both metal Hoffmann clamps and store away in the plastic container on metal table. 

30. While both A & B taps are open, open tap C also. 

31. Start the circulation pump by releasing the float-switch on the intake tank and opening the white 

plastic pinch clamp at the window (from the pump). 

32. Using high flow rate (~4 l/min) drive seawater through the system to refill.  Take care not to leave on 

high flow as the pasteuriser tank will cool, triggering the thermal cut-off for the pump. 

33. When all the air has been vented and there is (almost) only water coming from taps A & B, close 

each of the taps in turn as they clear of air (usually tap B first, then tap A). 

34. Vent air from the pasteuriser by opening the vent pipeline (same as usual venting routine). 

35. As the pasteurised water is returned to the feed lines, open each bag as required and the pinch 

clamp on the end vents to vent any air-bubbles and prevent ‘siphoning back’ and airlocks. 

36. Adjust the seawater flow rate to required level according to number of bags filling and aimed daily 

exchange rates. 

 

Note: Sometimes the steamer will automatically enter fault mode and switch itself off.  During fault 

mode a red-light flashes.  If this happens for no apparent reason, turn the steamer off for a few seconds 

using the red circular switch, then switch it back on.  Providing the freshwater container has enough 

water in it, the steamer should reset itself and restart after a couple of seconds.  It may have been that 

the output control knob was increased too rapidly, and the steamer did not have capacity to keep up 
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with demand.  Also, false readings from the level sensor terminals in the freshwater tank have also 

caused the steamer to enter fault mode in the past, this was due to corrosion on the terminals and was 

fixed by cleaning the wire or by crimping on another set of terminals. 

14.2.13 Mechanical cleaning of the plate heat exchanger 
Before commencing each production season, the plate heat exchanger was disassembled for inspection and 

mechanical cleaning.  Careful attention was made to measure and record the distance (mm) between the 

frame plate and pressure plate as the stack of channel plates must be tightened back to this distance after 

cleaning.  The plates were removed individually and cleaned with a soft brush or sponge.  It was important 

to have a set of rubber gaskets spares as the gaskets can become stiff and perished through use.  Gaskets 

typically need replacing across the set of plates every few years. 

14.2.14 Evaluating the efficacy of cleaning the feed tubes with steam 
‘Feed tubes’ conveyed the nutrient-dosed pasteurised seawater to the algal culture bags.  To confirm the 

efficiency of the pasteurisation and steaming process, water samples were taken routinely from algal 

feedlines and plated to Marine Agar and TCBS. 

Within the affiliated SAICHatch project, a replicated experiment was undertaken by Dr Stuart McMillan at 

Institute of Aquaculture in collaboration with the Stepping Stone hatchery personnel to evaluate the 

efficacy of steam cleaning algal bag feed tubes and to examine differences in bacterial numbers associated 

with different algal feed species. 

Water samples of approximately 20 mL were collected and mixed with 3 ml sterile glycerol before being 

frozen at ~ -20°C until their microbiological analysis: 

i. Input (feed) tubes to 4 different algal culture bags (post pasteurizer) before steam cleaning 

(25/09/18). 

ii. Input (feed) tubes to 4 different algal culture bags (post pasteurizer) 24 hours post steam cleaning 

(27/09/18). 

iii. Output (harvest) tubes from 4 different algal culture bags (2 × T. isochrysis lutea and 2 × 

Diacronema lutheri; 27/09/18) and 2 carboys (Chaetoceros calcitrans; 27/09/18).  The latter were 

collected following concern that bacteria were being recovered from the supposedly sterile algal 

cultures. 

iv. A single sample from reservoir tank pre-pasteurization (27/09/18). 

 

Viable isolation: Once defrosted, all samples except algae in group (iii) were centrifuged (2600 × g, 15 

minutes, 20 °C) before 90% of the liquid was removed.  The bacterial pellet was resuspended in the 

remaining liquid producing a suspension 10-fold more concentrated than the original sample.  Bacterial 

suspensions (100 µL) were plated in duplicate onto marine agar undiluted and at dilutions down to 10-3 

dilution (feed bag pre-steaming, 10-1 -10-3; feed bag post steaming, undiluted and 10-1; algal bags, 10-1 -10-3; 

reservoir, undiluted and 10-1) and undiluted onto TCBS and incubated at 22 °C for 6 days.  These counts 

were used to calculate CFU/mL in the original samples, correcting for the concentration step.  Algal samples 

were plated as above but without the concentration step. 
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Molecular identification targeting 16 rRNA gene: Colonies representing the most prolific 2-3 colony 

morphologies - depending on the number of dominant colony types - within each subgroup (T. Iso algal bag, 

D. lutheri algal bag, carboy, reservoir tank, feed tubes pre- and post-cleaning and reactivated) were sub-

cultured onto marine agar.  Up to four colonies representing each morphologically different phenotype 

were sub-cultured where available.  Sub-cultures were incubated at 22 °C for up to a week.  Colonies were 

grown in TSB20 to mid-log phase and DNA was extracted using a crude boiling method.  The 16S rRNA gene 

was PCR amplified using universal primers 27F and 1492R.  PCR products were purified and sent for 

Lightrun sequencing.  F and R reactions were aligned using bioedit, to produce a nearly complete 16S 

sequence and identified using BLASTn. 

Results 

• In line with previous results, steam cleaning reduced viable bacteria in water, but did not eliminate 

them entirely (Figure 178). 

• Reactivated samples produced very erratic numbers and are not presented graphically.  It is 

probable that in samples generating many colonies, all the colonies may have originated from a 

single cell. 

• No colonies were isolated onto TCBS from any samples, indicating the bacteria were not Vibrio 

species. 

• Large numbers of bacteria were isolated from all algal cultures.  Numbers may be related to age of 

culture, as illustrated by the two T. lutea cultures – the younger culture had a significantly lower 

burden. 

• Large numbers of viable bacteria were recovered from C. calcitrans carboy cultures.  These cultures 

should be sterile, so it is important that the contaminant is identified.  All colonies were 

morphologically identical from both carboys. 

 

 

Figure 178. (a) viable bacterial CFUs sampled from input (feed) tubes to flagellate culture bags (300 l) pre- and post-steam cleaning 
and of (b) viable bacterial CFUs sampled from output (harvest) tubes from flagellate culture bags and directly from 16L carboy 

cultures of diatoms. (n=3 in (a) and (b). Error bars represent the standard error of the mean). 

 
16S identification 

• Several colonies did not sub-culture onto either marine agar or TCBS media.  Furthermore, several 

isolates then failed to grow in broth, no further work was done with these. 
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• Not all PCR products were sent for sequencing.  Where it was expected to gain the same result 

from DNA derived from several identical isolates, a proportion were retained and would only have 

been sent if any returned sequence did not indicate the same organism. 

• It is difficult to infer any specific trends from these results regarding the efficacy of steam cleaning.  

However, it is evident that Idiomarina sp. and members of the Rhodobacteraceae survive the 

pasteurization process and remain viable during steam cleaning to propagate within algal culture. 

• Similarly, Epibacterium scottomollicae, and Sagittula marina remain viable after steam cleaning and 

feature heavily in algal culture flora.  The latter was not identified in samples pre-cleaning 

suggesting it may benefit from the cleaning process to become a more dominant presence. 

• Perhaps not surprisingly, the spore forming Bacillus aquamaris was the sole organism recovered 

from Carboy algal cultures. 

 

14.3 Monitoring bacterial contaminants 
Maintaining algal and larval cultures in a sterile state or at least with a low bacterial contamination is 

important for the successful production of bivalves in a hatchery.  Extensive monitoring for the presence of 

bacterial contaminants needed to be performed. 

Two types of monitoring were routinely carried out: one for general marine bacteria populations, with 

samples being inoculated onto Marine Agar (MA) and the second for Vibrio spp, with samples being 

inoculated onto a selective agar (thiosulfate-citrate-bile salts-sucrose agar (TCBS)).  Both types of agar 

plates were then incubated at around 25 °C for three days before colony forming units (CFU) were counted 

and recorded. 

Algae cultures were monitored for general bacteria on MA at each subculture and when harvested.  

Monitoring for Vibrio spp using TCBS agar was routinely required in samples from the larval culture room 

and occasionally to check of the algae cultures to confirm samples were clear of Vibrio spp. 

Harvested algae samples from the SeaCAPS system were also checked for bacteria on at least a weekly 

basis.  Generally, this was done before and after steaming.  Algae were collected in an autoclaved test tube 

and diluted 1000-fold in cooled autoclaved seawater before plating on agar. 

14.3.1 Marine Agar 

 Preparation of marine agar plates 
Marine agar (MA, Scientific Lab Supplies) was prepared, following the manufacturer’s instructions and one 

litre of MA media made around 66 poured plates: 

• Marine Agar powder, 55.1g, was dissolved in 1 litre of hot tap water in a glass beaker and a hot 

plate stirrer (UC15, Stuart) used to boil the solution.   

• The solution was mixed for a further 1 min using the magnetic stirrer, making sure it did not boil 

over.   

• The hot solution was transferred to a 2 litre Erlenmeyer flask (size and shape avoids spillage during 

preparation) and the open neck covered with aluminium foil.  

• The hot medium was then sterilised by autoclaving (Section 14.2.9.1 ).  
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• Afterwards, when the autoclaved medium had cooled enough to handle with gloves (around 50°C), 

it was poured into sterile disposable plastic Petri dishes (plates, 90 mm Scientific Lab Supplies).  To 

do this, the plates were taken from their plastic sleeves and placed in the active laminar flow 

cabinet (Section 14.2.10 ).  A small amount of marine agar was poured carefully into each plate, the 

agar flooded the bottom plate and to a depth of a few mm.  It was possible to stack Petri dishes if 

space in the laminar flow cabinet was limiting, however, care was taken to keep the plates clean. 

• The Petri dish lids were left ‘ajar’ within the active laminar flow cabinet, with the lids offset and 

balanced between adjacent plates until the media had cooled to help avoid condensation 

formation inside the lids.  Cooling to room temperature took around thirty minutes.  Users needed 

to take care not to work above the open plates.  

• Once the plates had cooled, and there was no visible condensation remaining on the lids, the lids 

were placed to close the Petri dish, stacked, and inserted back into their original plastic sleeve.   

• Batches of newly prepared MA plates were labelled with date and turned upside down (agar plate 

on top, lid on bottom) for storage in the fridge or chilled incubator (4-10°C). 

 Inoculation of marine agar plates – using a sterile inoculating loop 
The first requirement for inoculating MA plates was to assess whether cultures were sterile.  In this 

situation, no dilution was required so the inoculation process was relatively quick.  A sterilised 10 µl 

inoculation loop (smear loop) was used to streak a plate.  A result of bacterial presence or absence was 

obtained (Figure 179).  Quantification of colonies was possible if the loop was calibrated for volume and the 

CFUs were sufficiently distinct. 

 

Figure 179.  Marine agar inoculated with inoculation loop from flasks contaminated with bacteria (presence/absence only).  Note, 
magnifying glass was used to help with observations. 
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Up to six samples could be inoculated per Petri dish when using a 10 µl inoculation loop for inoculation.  

The external underside of the agar plate was divided using a permanent marker pen.  This was a preferred 

method for time, space, and cost efficiencies.   

Every flask transfer (decanting algae culture to a new flask - referred to as a “sub-culture”) was 

accompanied by a microbial check to identify whether any bacterial contamination was present and so to 

facilitate the removal of contaminated flasks before they were scaled up.  Smaller culture flasks (master, 

sub-master and 500 ml flasks, Section 14.4.2 ) could be sampled directly.  In the case of 2 and 6 litre flasks, 

a small amount of culture was collected carefully into aluminium capped glass test tubes that had been 

sterilised previously by autoclave.  The test tubes needed to be opened quickly for sampling and closed 

immediately afterwards.  This latter sampling required the ‘opening’ of the 2 and 6 litre flask cultures so 

needed to be done with great care to avoid contamination of the algae culture. 

All algae cultures in flasks and carboys were expected to be ‘sterile’ (axenic).  Bacterial contamination in the 

algae cultivated in the SeaCAPS system should be kept below 1 million CFU per ml. 

Method for sampling bacterial levels in master, sub-master, and 500 ml Flasks (ERLs) 

The parent culture (i.e., the flasks used as inoculum) was checked for bacterial contamination at each 

transfer/subculture between these small flasks in the laminar flow cabinet (Section 14.2.10 ) as follows: 

• The metal inoculation loop was heated in the hottest part of the blue flame until it glowed red hot 

indicating it had been heat-sterilised (Figure 180). 

• The loop was placed on the rack to cool to room temperature (several loops could be prepared at 

the same time and allowed to cool in the rack, which had capacity for four loops). 

• The parent flask was opened, and the neck heated in the flame until the condensation was burned 

off. 

• The cooled sterilised loop was dipped in the algae culture, filling the loop, and making sure not to 

touch the glass or neck. 

• The sample was streaked to the agar surface and the Petri dish lid was replaced promptly before 

setting the plate away (Figure 181 and Figure 182). 

• The inoculation loop was re-sterilised in the flame and placed back onto the rack to cool, ready for 

repeating the process for another flask, as necessary. 

• Once the inoculations had been completed, the equipment was removed from the laminar flow 

cabinet, the surfaces sprayed with 70% EtOH and wiped with tissue.  The cabinet doors then closed, 

and UV cycle run to disinfect the internal surfaces (refer to Section 14.2.10 ) 
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Figure 180.  Flaming inoculation loop in laminar flow cabinet ahead of sampling of algae master cultures. 

 

 
 

Figure 181.  Using an inoculation loop to inoculate a sample of algae master onto marine agar in a laminar flow cabinet 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A 
Hatchery Manual 

 

Section 14 - Microalgae cultivation as an algal feed for hatchery production of Mytilus edulis spat   
Page 222 

 

 

 

 

 

 

A   B 

Figure 182.  (A) ‘streaking’ an inoculation loop over a Petri dish of marine agar. (B) Petri dish subdivided on underside of disposable 
Petri dish by using a permanent marker to allow for multiple sampling per plate. 

 

Method for sampling bacterial levels in algae cultures grown in 2l flasks, 6l flasks, CBs and SeaCAPS unit 

For the inoculation loop to reach the liquid culture, samples of algae culture needed to be transferred from 

the larger volume flasks (2l and 6l) and CBs into a smaller sterilised vessel.  Glass test tubes with aluminium 

caps were used for this purpose as they could be capped and autoclaved. 

Transferring an algal sample into an autoclaved test tube from a 6-litre flask: 

o 70% ethanol was sprayed on the bung, lines, and hands. 

o The pipette tip used to seal the flask’s sampling line was removed (Figure 183) and held into a 

beaker. 

o The vent line was pinched closed so that any drops of culture that were trapped inside the transfer 

line were blown out into the waste collection beaker by the increased pressure in the flask. 

o The waste beaker was replaced with the opened, labelled, sterile test tube and the algal culture 

sample collected quickly. 

o The vent was released, and the pipette tip replaced back on its line and the cap of the test tube 

containing the sample also replaced quickly. 
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Figure 183.  Arrangement of the three-bore neck silicone bung used for 6-litre flasks, allowing a sampling line to be fitted in 
addition to the usual air-supply and vent lines (the vent line consists of a syringe barrel plugged with a filter of cotton wool).  This 

sampling line also doubled as a transfer line when sub-culturing flasks and inoculating carboys (Section 14.5.5 ). 

 

 

Transferring an algal sample into an autoclaved test tube from a 2-litre flask: 

This was more difficult because the bungs were two-bore (rather than three-bore bungs) for this size of 

flask.  Samples of algae were taken using a sterile autoclaved syringe attached to the airline after 

disconnecting it from the air filter, as follows: 

o Equipment and hands were sprayed with 70% ethanol. 

o The air-filter was disconnected and ensured it was left hanging without touching anything but still 

with the air flowing through it to maintain a positive pressure in the air filter. 

o A sterile, autoclaved syringe was attached to the flask’s opened airline and an algal sample drawn 

up into the syringe (Figure 184). 

o The syringe was disconnected, and contents transferred to a sterile, autoclaved, test tube. 
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o The exposed airline and air-filter ends were sprayed with 70% ethanol solution before reconnecting 

and re-calibrating airflow to correct level. 

 

 

Figure 184.  Collecting algal samples from 2 litre flasks fitted with two-bore neck bung.  The air-filter was disconnected, and a 
sampling syringe fitted in its place to draw up the algal sample.  The detached air filter was hung up with its air-supply still flowing 
to help avoid contamination.  Both the flask airline and air filter ends were sprayed with 70% ethanol solution before reconnecting 

them after the sample had been taken. 

Transferring an algal sample from the Carboys into an autoclaved test tube: 

One of two methods were used to do this: 

o Either a sterilised autoclaved syringe was used to draw algal samples from the airline of carboys 

after disconnecting the in-line air-filter using the same method described above for sampling from 

2 litre flasks 
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o Or, without a syringe, the vent line could be pinched closed to increase internal pressure in the 

carboy and force the algal culture out of the carboy through the open airline in a similar manner 

described for sampling algae from the 6 litre flasks. 

o In either case, the lines (hoses) and hands were sprayed with 70% ethanol and the air filter was not 

contaminated by touch.  Air supply remained active throughout the procedure. 

The silicone hoses used for transfer were 3.8 mm internal and 7 mm external (for connecting 6 l and carboy 

flasks). 

 

Algal samples were taken from the C. calcitrans collection tank using a sterile 50 ml syringe and an 

autoclaved and weighted long length of silicone tube. 

Samples of harvested flagellates or algae mix (i.e., flagellates and C. calcitrans) were taken from their 

respective harvest tanks (‘E tanks’, downstairs in tank room) by submerging the sterilised test-tube in the 

culture. 

It was more time-efficient to take the algal samples as required for the day and keep them in labelled test 

tubes on ice in a rack, but to inoculate these aseptically to Petri dishes, as soon as possible: 

o Work was done in a laminar flow cabinet 

o The autoclaved test tube was unstopped (aluminium cap) and the neck flamed  

o The heat-sterilised inoculation loop was dipped in the algae culture, filling the loop, making 

sure it did not touch the glass sides 

o The sample was streaked to an agar plate, labelled with date and flask number (e.g., Figure 

179) 

o The inoculation loop was re-sterilized with the flame, placed in the rack for cooling and 

sampling repeated, as necessary. 

 

 Inoculation of marine agar plates with a pipetted volume 
The second method of inoculating MA plates was using an automatic pipette to dispense a known volume 

directly to an agar plate (10-100 μl).  This was done, primarily, to quantify bacterial numbers and was 

performed with or without previous serial dilutions as required (usually, this method was not used for 

flasks and carboys since the loop could be used to confirm if they were sterile, however if there were 

contamination issues that needed to be investigated this method gave more information). 

An initial 100 μl sample of algae culture was pipetted using an automatic micropipette (Gilson P200) with 

autoclaved tips.  The sample was spread over the surface of the whole plate of agar using an autoclaved, 

flamed, and cooled L shaped glass rod spreader.  It was important that the sample was spread evenly 

otherwise colonies grew on top of each other and could not be counted accurately.  After incubation, CFUs 

could be counted by eye. 
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The glass spreader was stored cleanly and was dipped in a screw-topped jar containing 70% ethanol and 

was removed and flamed before use.  After flaming, it was important to allow the spreader’s temperature 

to cool sufficiently before spreading the sample on the agar surface.  The temperature of the spreader was 

checked by touching it against the inside of the sterile Petri dish lid.  If it felt at all ‘tacky’ against the Petri 

dish, this indicated the spreader was too hot (melting the Petri dish) – so would kill the bacteria in the 

sample – and was left to cool further before use. 

 

 Performing serial dilutions 
When performing bacterial counts for algae cultures that were unlikely to be sterile, it was usually 

necessary to dilute the algal samples before streaking them onto agar plates.  This was done to prevent 

overgrowth of bacterial colonies on the plates and allow accurate counting of the number of CFUs within a 

known dilution of the sample.  For example, samples from the SeaCAPS system would be expected to have 

some bacterial contamination, although this was usually kept below 1 million CFUs /ml.  Refer to Table 12 

for common dilutions. 

During the project, algae samples from bags generally required 1000-fold dilution (Figure 185) to give a 

CFUs number that could be counted by eye. 

 

Table 12.  Dilutions, and serial dilutions were prepared in autoclaved Eppendorf tubes.  A serial dilution is a repeated dilution where 
the diluted solution becomes the stock for the following dilution. 

Dilution factor Sample volume 
(μl) 

Autoclaved SW 
volume (μl) 

Number of serial 
dilutions 

1 100 0 0 

10 100 900 1 

100 100 900 2 

1000 100 900 3 
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Figure 185.  1000x serial dilution. Each Dilution 0.9 ml autoclaved seawater + 0.1 ml sample in an Eppendorf tube.  100 µl sample 
was inoculated to Petri dish and spread over surface  

Decisions concerning the most appropriate dilution factor to use for any given sample was generally 

informed by previous similar samples, although they sometimes varied. 

 Microbiological requisition form 
Deeper investigations of a potential microbiological problem required careful co-ordination.  It was 

common that the samples and their subsequent data were required by the larval section, while the 

microbiological plating and counting were carried out by the algal section staff.  A microbiological 

requisition form was prepared (Appendix 9) to address each ‘case’.  This allowed staff from the larval 

section to submit a clear written request and instructions (sample labels, etc.) to the algal section and for 

the subsequent microbiological results from the algal section to be returned on the same form, so 

simplifying and clarifying the process. 

 Incubation of marine agar plates 
Agar plates were incubated upside down to avoid any condensation dripping onto the agar surface. 

MA plates could be incubated at room temperature, however standard practice at the Marine Hatchery 

was to use a small incubator at > 22 °C (e.g., Mini 696, Clad, Figure 186).  This was higher than culture 

temperatures (e.g., mussel larvae were incubated at 16 °C) but permitted a quicker and more useful 

indication of contamination compared to incubation at a lower temperature.  The elevated temperature 

may have increased or decreased proliferation of bacteria that would normally grow at the culture 

100 μl 
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temperature of the algae or larvae.  However, if plate incubation had been performed at 16 °C, it would 

have taken 10-14 days to grow the bacteria sufficiently to count, by which time the data would be 

redundant and the cultures probably dead.  In addition, 22 oC is the standard temperature used for 

incubating plates for fish pathogens by Aqua-health Veterinary Services (David Sutherland pers. comm.). 

 

Figure 186.  Mini incubator used for incubating agar plates 

 

 Marine agar plates results 
Numbers of bacterial CFUs were counted on marine agar plates after 72h of incubation.  Care was taken to 

keep the lid of each plate in place throughout the handling and counting process. 

Depending on the information sought and the inoculation method used, the plates were either analysed for 

presence/absence of bacteria colony-forming units (Figure 179) or for quantification of CFUs (Figure 187). 

If the latter, the plate CFUs were combined with the inoculation volume and dilution factor to express 

results as CFU/ml.  In cases where there were too many colonies to count (e.g., Figure 188), it was recorded 

as such, and if possible, the sample was repeated using a greater dilution, or at least the dilution was 

adjusted for subsequent similar samples. 

Both cream and yellow bacterial colonies were commonly observed on the marine agar plates (Figure 189) 

and these are likely to represent different bacteria (Stuart McMillan, pers. comm.). 

To aid counting of bacterial colonies, a fine pointed marker pen was used to put a small dot on the Petri 

dish directly above the colony, once counted (Figure 187). 
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Figure 187.  Using a permanent marker pen to help track counted CFUs 

 

 

 

 

Figure 188.  Marine ager plate with abundant bacterial contamination, CFUs too many to count (also merged) 
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Figure 189.  Examples of commonly cultivated CFUs – cream- and yellow-coloured colonies 

 

 Disposal of used marine agar plates 
Once the results were recorded, the closed plates could be placed inside autoclavable bags (double bagged 

to reduce the risk of leakage inside the autoclave) before subjecting the plates to an autoclave cycle 

(Section 14.2.9.1 ).  Afterwards, the cooled bag of plates could be tied closed and disposed of as general 

refuse. 

 

14.3.2 TCBS 
Thiosulfate-citrate-bile salts-sucrose agar (TCBS, Scientific Lab Supplies Ltd.) is a selective agar used to 

monitor for Vibrio species.  Presence of Vibrio species is a concern as many Vibrios are potentially 

pathogenic and can be lethal for mussel larvae, even at low concentrations. 

Algae cultures should ALWAYS be Vibrio free.  Any algae showing Vibrio contamination should be discarded 

and not fed to the mussel larvae. 

The harvested algae (feed) were tested daily, and if ever positive, the algae cultures and nearby 

contamination hotspots were carefully checked to track and address the origin of algae contamination. 

Incidences of Vibrio infection were common in the larval mussel cultures and extensive testing was often 

required to pinpoint the origin, quantify the problem, and test the effect of mitigation procedures 

introduced.  The source was usually (if not always) from the mussel broodstock. 

 

Preparation of TCBS plates 
To prepare TCBS agar medium, a 1 litre beaker (the biggest that fitted in the microwave) was prepared and 

44 g TCBS was dissolved in 500 ml of hot tap water using the hot plate magnetic stirrer (UC152, Stuart).  As 

the agar dissolved the solution became green coloured (Figure 190). 
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The beaker with the fully dissolved TCBS was transferred into the microwave (Figure 190) and the contents 

brought to the boil on high power for about 9 times (3x had not been sufficient to get the TCBS agar to set), 

without letting the solution boil over (Figure 190).  This required careful monitoring and for the user to be 

ready to stop the microwave as the TCBS boils (e.g., at about 3 mins).  The microwave could be repeatedly 

stopped and started a few seconds later to achieve the 9 times boil. 

It was important to take care when waiting for the first-time boil as this can take some time.  The following 

boilings happened very quickly. 

After the medium had boiled 9 times, it was removed from the microwave, covered with foil and a clean 

glass thermometer placed into the solution (wiped with 70% ethanol solution).  The temperature was 

monitored as the solution cooled to a point where it could be handled but before it solidified (50-60 °C).  

Once ready, the TCBS agar was poured into Petri dishes in laminar flow cabinet (see Section 14.2.10 ) so the 

bottom of each Petri dish was covered with a few millimetres of the solution.  The plates were cooled to 

room temperature in the laminar flow cabinet.  The lids were not closed until the cooling had completed 

(about 30 min).  Users needed to take care not to work above open plates and, once the plates were cool 

and most condensation had disappeared, the plates were closed and they were returned to their empty 

plastic sleeve, which was then labelled with date and turned upside down and stored in the dark and cold 

(refrigerator or chilled incubator at 4-10°C).  500 ml of media made around 47 plates. 

     

Figure 190.  Preparing TCBS Media 

 Inoculation of TCBS plates 
As any presence of Vibrio spp. needed to be monitored in the algal and larval cultures, samples for TCBS 

were not diluted, and the volume plated was always 100 μl, so that low contamination was not missed. 

Samples were taken and plated as explained for Marine Agar plates in Section 14.3.1.4 . 

 

 TCBS plates incubation 
TCBS plates were incubated similarly to marine agar plates (Section 14.3.1.7 ). 

 

 TCBS plates results 
As for MA, TCBS plates were counted after 72h incubation.  CFUs were counted and translated into CFU/ml.  

Both green/blue and yellow/orange colonies may be observed (Figure 191). 
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Figure 191.  TCBS plates showing likely Vibrio infection.  Presence of blue/green and yellow colonies 

 TCBS agar plates disposal 
TCBS agar plates were disposed of in a similar way to the marine agar plates (Section 14.3.1.9 ). 

14.3.3 Sampling microbiology – sampling regime  
The typical sampling regime followed during the project is in Table 13. 

 

Table 13.  Routine sampling regime for microbiological checks 

Location Sampling Regime 

SeaCAPS – individual bags Weekly checks 

SeaCAPS – other points in system such as: 

• feedlines (nutrient enriched 
pasteurised seawater) before and 
after steaming 

• incoming seawater 

• pasteurised seawater 

Should be taken when indication of a problem 
exists, or as a confirmation of sterilization 
efficiency 
MA 

Harvested C. cal. (from harvest tank) Daily when used, no dilution 
MA and TCBS 

Harvested flagellates (downstairs harvest 
tank) 

Daily when used, 1000x dilution 
MA and TCBS 

Larvae culture tanks One random IC per day 1-1000x dilution 
MA and TCBS 

 

Recommended remedial actions following bacterial contamination 
Algae cultures must be completely clear of all Vibrio contamination.  If localised contamination was found, 

the affected cultures were discarded.  If the contamination spread, it might become necessary to stop algal 

production, discard all cultures, deep clean everything and start again.  This could a catastrophic event and 

potentially jeopardising a production season. 
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If an algae flask became contaminated, it was replaced by a clean culture through sub-culturing from a 

sterile culture of that species (from master or sub-master culture), otherwise the contamination would 

become propagated to any newly inoculated flasks. 

If all master flasks of a species became contaminated, a new stock would need to be ordered from a 

supplier and checked for bacteria upon receipt.   

If contamination happened regularly, the source of contamination must be investigated, and procedures 

addressed.   

All results were recorded to the assigned Microbiology Results spreadsheet (Appendix 7) and the 

Microbiology Requisition Form (Appendix 8). 

The details of microbiology assessments in the mussel larvae cultivation area are in Section 11.5.6 Microbial 

levels, 11.5.6.4 Microbial levels in the LRT, 11.16 Microbial levels in IC tanks and 12.4.  If an inoculated plate 

generated too many bacterial colonies to count when quantification was required, an extra sample was 

taken and diluted for incubation and counting.  However, the fact there are too many colonies to count was 

a meaningful result in itself! 

 

14.4 Preparation of algae culture media 
Before inoculating or sub-culturing algae cultures, the new culture media was prepared and sterilised.  This 

section explains the process. 

14.4.1 Preparation of stock solutions 

 Keeping records of stock preparations 
To help gain a better understanding of production costs, trends, and the necessary lead times for replacing 

supplies, it was good practice to record on a spreadsheet whenever stock solutions were prepared together 

with any additional helpful comments such as PO numbers, ordering and delivery dates, etc. 

 Nutrient mix – Varicon Cell-Hi WP 
The nutrient source for microalgae cultivation used latterly in the project was Cell-Hi WP mix (Varicon).  

This was prepared in 20 litre batches: 

• 15 litres of tap water were boiled in a large urn (25 l, Figure 192).  Since it took some time 

to boil such a large amount of water, the urn needed to be set up and switched on in good 

time. 
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(A) (B)   

Figure 192.  (A) Urn and (B) carboy used in preparation of nutrient mix 

• In a 50-litre carboy (Kartell, Figure 192), 3 kg of Cell-Hi WP (Varicon) was dissolved in 15 

litres of boiling water. 

• To dissolve the mix, the carboy was shaken vigorously.  This was done by closing the 

screwcap and turning the carboy on its side, rolling it back and forth on the floor quickly. 

• Once dissolved, 2 litres of 10% Hydrochloric acid were added (Section 14.4.1.5 ). 

• Again, the carboy was closed and agitated vigorously to mix. 

• 3 litres of cold tap water were added to the carboy and again agitated vigorously to mix. 

• The resulting solution was transferred to a 20-litre carboy with aspirator tap (VWR) and the 

carboy was covered with aluminium foil to protect the solution from light.  A label was 

applied with preparation date and solution name. 

• The carboy nutrient solution was allowed to cool to room temperature overnight. 

• Once cooled, some was dispensed into a 1 litre bottle (Schott Duran) to be used for 

preparing culture media in flasks and CBs.  This ‘working’ volume was kept refrigerated and 

refilled as necessary, keeping the label and date updated on the bottle. 

• The 20-litre carboy was transferred to the SeaCAPS system and connected to the peristaltic 

dosing pump when required. 
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Note: Following supplier’s instructions, initial nutrient stock solutions were prepared with 4 litres of 10% 

hydrochloric acid.  However, that led to crystallisation as seen in Figure 193.  Once the acid was reduced to 

half, the problem ceased.  The crystalline residue was discovered to have damaged the peristaltic algal 

nutrient dosing pump into the SeaCAPS system, meaning a new head was required for the pump. 

 

Figure 193.  Crystallisation of Varicon Cell-Hi WP Nutrient mix due to over acidification whilst preparing solution. 

The acidity of the nutrient solution was believed to inhibit bacterial growth, so no attempts were made to 

refrigerate or otherwise treat the nutrient mix other than to store it at room temperature, with the carboy 

covered in aluminium foil to reduce exposure to light.  When the hatchery was in full algal production, each 

20-litre batch of nutrient mix was used within around 3 weeks and was so within the recommended expiry 

period of 4-6 weeks. 

 Metasilicate solution 
Diatoms (C. cal.) required the addition of silicate added in the form of sodium metasilicate (Na2Si3 SH20, 

VWR).  This was generally referred to as ‘metasilicate’. 

The metasilicate stock solution (40 g/l) was prepared in 20 litre batches: 

• 800 g of metasilicate was dissolved in 1 litre of hot tap water in a 2-litre beaker using a hot 

plate magnetic stirrer (UC152, Stuart). 

• The dissolved solution was transferred to a graduated 20-litre carboy with an aspirator tap 

and topped up to 20 litres with tap water. 

• The solution was agitated and mixed well. 

• The carboy was covered with aluminium foil and labelled with preparation date and 

solution name. 

• A 1-litre Duran bottle was filled with solution using the aspirator tap and used as a working 

stock solution for Flasks and CBs preparation.  This sample was refilled when necessary, 

keeping the date label updated. 
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• The 20-litre carboy was stored in a dark, cool room. 

 

Note: It was usual to see precipitated metasilicate in the algae culture media after autoclaving flasks (as 

seen in Figure 194), but by itself it had not shown to be a problem for algae culture.  The precipitated 

metasilicate appeared to re-dissolve.  This re-dissolution of metasilicate happened more quickly in aerated, 

well-mixed cultures possibly as it was taken up by the growing algal cells.   

 

Figure 194.  Autoclaved seawater with added nutrients and metasilicate, noting the precipitated metasilicate 

 

 Tris solution 
Tris (VWR) was added to all algal flask cultures as a pH buffer and was prepared as follows: 

• 100g of Tris was dissolved in a small amount of hot tap water in a beaker containing a 

magnetic stirring rod and placed on the magnetic hot plate stirrer to dissolve. 

• 80ml of concentrated Hydrochloric acid (98%) was added – WEAR PROTECTIVE FULL-FACE 

MASK/RESPIRATOR, GLOVES, BOOTS AND WATERPROOF OVERALLS AND VENTILATE THE 

ROOM WHILE HANDLING CONCENTRATED ACID! 

• The solution was transferred to a volumetric flask and made up to 1 litre with tap water, 

stoppering and inverting to mix. 

• The solution was transferred to a 1 litre Duran Bottle and closed with a Zippette dispenser 

(Zippette Classic 50 ml). 

• Tris solution was stored in the fridge or chilled incubator (4 °C). 
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 10% hydrochloric acid solution 
Diluted hydrochloric acid solution, 10%, was prepared in 15 litre batches as follows: 

• 10 litres of tap water were added to a 20-litre aspirator carboy with spigot dispenser tap at 

bottom 

• 1.5 litres of concentrated HCl (98%) were added.  This was done OUTSIDE!  WEAR 

PROTECTIVE FULL-FACE MASK/RESPIRATOR, GLOVES, BOOTS AND WATERPROOF 

OVERALLS. 

• The solution was topped up to 15 litres with 3.5 l of tap water. 

• The 10% HCl solution was stored in a safe place, inside a watertight spill tray that had a 

plastic raised platform so the solution could be easily dispensed (Figure 195). 

 

 

Figure 195.  10% hydrochloric acid solution in spill tray 

14.4.2 Algae culture media and vessels 
Algae was cultivated in a series of different vessel volumes and shapes from 100 ml Erlenmeyer flasks 

(Master cultures) to 200 litre bags.  The culture media preparation varied according to algal species and 

vessel size, as did the sterilization method (  
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Table 14). 
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Table 14.  Types of culture vessels used routinely for algal cultivation and culture volumes used 

Flask Flask size and shape Approximate volume of culture 
media prior to autoclaving 

Masters 100 ml Erlenmeyer (Pyrex) Flasks 50 ml 

Sub-masters 250 ml Erlenmeyer (Pyrex) Flasks 100 ml 

500 ml ERL 500 ml Erlenmeyer (Pyrex) Flasks 200 ml 

2 l ERL 2 l Erlenmeyer (Pyrex) Flasks 1 litre 

2 l Round 2 l round bottom (Pyrex) Flasks 1 litre 

6 l ERL 6 l Erlenmeyer (Pyrex) Flasks 5 litres 

6 l Round 6 l round bottom (Pyrex) Flasks 5 litres 

Carboys 15 l Water  

 

Masters (100ml Erl Flasks), Sub-masters (250ml Erl Flasks) 
The algal culture media for both Master (50 ml in a 100ml Erlenmeyer flask) and Sub-master (100 ml in a 

250ml Erlenmeyer) flask was prepared (Table 15): 

 

Table 15. Volume of stock solutions used to prepare algae culture media for use in small flasks 

Solution Dose Refer to 

Nutrient mix 2 ml/l  (Section 14.4.1.2 ) 

Metasilicate 2 ml/l (Section 14.4.1.3 ) 

Tris 4 ml/l (Section 14.4.1.4 ) 

Seawater (SW); 1 µm 
filtered, UVd 

  

 

*Nutrient and metasilicate solutions were initially added at a rate of 1ml/l then this was doubled to 2ml/l to try and increase algal 

cell densities (dosing nutrients at 2 ml/l is three times the manufacturer’s recommended dose).  Results on the additional nutrients 

and metasilicate were not conclusive.   

 

** Metasilicate is only required for diatom culture, but it is often, as was used here, added to the flagellate culture media.  This is 

simply practical since it is easier to prepare a single, bigger volume of stock solution then split this across the smaller flasks.  

Flagellates do not use the metasilicate, but it is not detrimental to them either.  More metasilicate was used compared to many 

usual ‘recipes’ by Seasalter Shellfish (John Bayes, pers. comm.) to ensure sufficient levels.  Ill effects were only observed in diatoms 

when it was deficient.   

 

A small amount of SW was added to the flasks then these stock solutions were added.  The SW level was 

then topped up to the aimed volume (  
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Table 14), always using a funnel to avoid getting the neck of the flask wet. 

 

Tris solution was added at a rate of 4ml/l. 

 

Initially, flasks were closed with synthetic wool but, later, cellulose Steri-stoppers (VWR) were used.  Steri-

stoppers tended to rise slightly during autoclaving, so afterwards and immediately after removing the flasks 

from the autoclave, each stopper was pushed down firmly into the neck of the flask.  The stoppers were 

covered with aluminium foil caps (Figure 196), which had been folded to produce a pocket.  The shape of 

the aluminium cap allowed it to be easily removed and put back while transferring cultures aseptically 

(Section 14.5 ).  The length of the cap was adjusted to each flask size to prevent blockage of light to the 

culture.  If the foil caps were undamaged, they could be reused.  To check for damage, the foil caps were 

each held up to a light source, such as a window, and looked through from below to spot any visible holes. 

 

 

Figure 196.  Aluminium foil caps for small flasks 

The flasks were autoclaved for 30 min at 121°C (Section 14.2.9.1 ). 

 

After cooling to room temperature, the autoclaved flasks were stored in a clean dry place (e.g., bottom 

shelf of the table in the master algae culture room). 

 

  500 ml and 2 litre algae culture flasks 

Non-aerated 500ml ERL flasks 

In the case of 500ml Erlenmeyer flasks without aeration (as in Figure 196), the culture media and closing 

method was the same as explained in Section 14.4.2.1 , but 200ml of culture media was added per flask. 

Flasks were arranged left to right on the shelf with respect to their age. 
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500ml ERLs and 2 litre Flasks with aeration 

During the project, 0.2 μm filtered aeration was added to 500ml ERLs and to 2 litre flasks to increase algae 

cell densities (compared to non-aerated flasks). 

Culture medium was prepared as described above (Sections 14.4.2.1 and 14.4.1.2 ), and 200ml and 1 litre 

added respectively to 500ml ERL and 2 litre ERL or round bottom flasks.  Solutions were added to the flasks 

via a funnel to avoid wetting the necks of the flasks. 

A length of glass tubing (5 mm, Fisher Scientific Ltd,) was pre-cut to the size of the flasks and terminated 

with a short section of i.d. 3.8 mm, o.d. 7mm silicone tubing (VWR) as shown in Figure 197.  The top of the 

glass tube was connected to a silicone hose and an air filter (0.2 μm, Whatmann).  The silicone hose was 

closed by folding it back on itself and was then held in place with a rubber band (sheep castration ring) 

before autoclaving. 

Since it had not been intended to aerate 500 ml and 2 litre flasks, initially there were no suitably sized 

silicone bungs available to the project and an alternative had to be found.  Instead, the flasks were closed 

with packed synthetic wool and their tops wrapped in aluminium foil (Figure 197).  However, this led to an 

increased incidence of bacterial contamination, and it was necessary to purchase suitable silicone bungs 

and follow the same protocol as explained below for the 6 litre ERL flasks. 

 

 

Figure 197.  ERL flask with synthetic wool bung and assembly for aeration (glass tubing (blue), silicone hose (green), air filter (grey) 
and rubber band (red)).  Aluminium foil covering ERL,  

 6 litre culture flasks 
The flasks of culture medium were prepared as above (Section 14.4.2.1 ) except, in this case, 6 l flasks used 

for flagellate culture were prepared without metasilicate.  It was essential to clearly distinguish those flasks 

that did not contain metasilicate to avoid them being used for flagellate culture by mistake and for the 

flasks to be correctly used for diatom culture.  A cable tie fastened around the flask neck and loose end 

trimmed neatly proved to be a good means of identifying flasks without metasilicate because the ties were 

autoclavable, durable and remained in place but could be cut off if necessary. 
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Five litres of culture medium were prepared directly in each 6-litre flask, which were then placed in the 

autoclave cassette (Section 14.2.9 ).  Triple hole silicone bungs (Hilltop products Ltd.) were pre-prepared so 

they could carry the flasks air-supply and facilitate sterile transfer of algal culture.  If bungs with pre-drilled 

holes were not available, a short corer was made for attachment to a drill (drilling with a drill-bit was less 

clean).  Short glass lengths were bent by flame and shaped carefully to 90o angle (the rounded corner of a 

rectangular metal box was used as a ‘form’ for this).  Generally, the glass elbows could be inserted very 

carefully into the bungs but, since they occasionally snapped, silicone spray could be used for lubrication.  

The elbows were used to connect the different lines as illustrated in Figure 198 and as detailed below: 

 

Figure 198.  Schematic of bung arrangement in a 6 litre ERL algae culture flask.  Green is silicone hose, blue is glass tubing, red are 
elastic bands. 0.2 µm filter on in coming air supply and packed syringe with synthetic wool and capped with aluminium foil on air 

outlet. 

 

The three lines attached to the silicone bung was typically called a ‘bung assembly’ (Figure 199). 

safely be taken out and bungs pressed down firmly, disinfecting hands before doing so. 

 

 

 

 

 

 

 

 

Vent 

Air supply with 

inline filter (0.2 µm) 

Sampling 

line 
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Figure 199.  Bung assembly for 6 l flasks 

Vent line: The outlet of the glass elbow was connected to a silicone tube and this to a syringe ‘vent’. The 

vent consisted of a 10ml plastic syringe (barrel only, plunger discarded) packed with synthetic wool and 

covered with aluminium foil.  To avoid syringes detaching during autoclaving, it was best to use luer-lock 

syringes that fitted perfectly inside the silicone tubing being used.  Silicone tube and syringes could be 

reused but needed replacing over time as they become damaged (e.g., cracks appearing in the syringe 

barrel). 

Air supply line: The upper end of the glass elbow was connected to a silicone tube and this to an 

autoclavable air-filter (0.2 μm).  Before autoclaving, the end of this silicone tube was folded over on itself 

and held in place with a rubber band (e.g., sheep castration ring).  The bottom end of the glass elbow was 

connected to a length of glass tubing by a small piece of silicone tubing.  To ensure good mixing throughout 

the culture, it was important that the air was added right at the very bottom of the flask, so another short 

length of silicone tube was cut with an angle on the outlet end and added to the bottom of the glass tube 

so that it just touched the bottom of the flask but, being silicone, the airline assembly did not scratch the 

flask surface. 

Pressurized transfer line: The third glass elbow was connected to a silicone tube and this to a 1ml pipette 

tip that had been melted at the tip to close it.  The pipette tip was then covered with aluminium foil.  Prior 

to autoclaving, the silicone tube was folded over on itself and held there with a rubber band, which 

remained in place throughout autoclaving and inoculation, until the line was required for sampling the algal 

culture (Section 14.3 ).  The bottom end of this glass elbow was connected in a similar configuration to that 

of the air supply. 

The silicone tubing, glass and filters were reusable but eventually needed replacing through repeated use, 

so staff needed to remain vigilant and notice if equipment became damaged or blocked.   

The rubber bands could also be reused (including being autoclaved) a number of times but needed 

replacing if they lost their elasticity. 
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ATTENTION: bungs were not pressed firmly into the neck of the flask before autoclaving (Figure 200).  This 

could create pressure differences and cause the flask to break.  Instead, bungs were placed loosely in the 

neck and each flask covered with an autoclave bag (cut down to size and sealed with bag sealer).  Once the 

autoclave cycle was complete, the flasks could safely be taken out and bungs pressed down firmly, 

disinfecting hands before doing so.  Autoclave bags were reused. 

 

 

 

Figure 200.  Example of the triple connections in a 6-litre flask through a three-bore silicone bung:  air filter and vent filter and 
pipette-tip stopper 

After autoclaving, 6 litre flasks were cooled to room temperature (in the air-conditioned master culture 

room) for at least two days prior to their use. 

 Preparation of carboys for algae culture 
The preparation of algal culture medium for use in carboys was different to that used in flask cultures 

(Table 16). 

Table 16.  Preparation of media for algae culture in carboys 

 Solution Dose Refer to 

1 Tap water 3 litres (or vol. required to reduce salinity to 
~29.5) 

 

2 Nutrient mix 20 ml (Section 14.4.1.2 ) 

3 Metasilicate 20 ml (Section 14.4.1.3 ) 

4 10% HCl 10 ml (Section 14.4.1.5 ) 

5 Seawater (SW); 1 µm 
filtered, UVd 

Solution topped up to total volume of 15 litres  

 

Seawater (filtered to 1 µm, UV treated) was diluted with tap water to reduce salinity to ~29.5.  The salinity 

was checked routinely using a salinometer and volume of fresh to seawater adjusted accordingly (civi=cfvf).  
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The salinity of seawater at the Marine Hatchery was relatively stable so there was no need to check salinity 

daily. 

A maximum of 10 carboys could be autoclaved per cycle in the EH700 autoclave.  Empty carboys were 

placed in the autoclave cassettes on the loading trolley and 3l of tap water was added first.  If seawater 

salinity was constant, the level of required tap water could be marked on the side of each carboy and a 

water hose used to add the tap water to quicken the process.  Alternatively, a measuring jar and large 

funnel was used to add the tap water to each carboy. 

The nutrient solution (20ml), metasilicate (20ml) and 10% HCl (10 ml) were dispensed (Zipette Classic 50 

ml, VWR) in turn to a small beaker and the mixture added to each carboy.  Seawater was added to top up 

the total volume to 15 litres (this level was marked on each carboy with a permanent marker pen).   

Bungs and lines for carboys were prepared (Figure 201 and Figure 203) and firmly pushed down into the 

carboy neck.  The top of the carboy, including the bung and its lines, were then covered with an autoclave 

bag before autoclaving.  In contrast to the 6 litre glass flasks, it was possible to push the carboy bungs down 

firmly before autoclaving because the plastic carboys were more flexible than the glass flasks and so they 

were able to flex slightly in response to pressure changes in the autoclave. 

 

 

Figure 201.  Carboys showing position of bung, inline air filter and vent filter. 
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Figure 202.  Bung assembly used for carboys. 

 

In the second (2018) season, the new shipment of carboys had a slightly different neck diameter.  This 

affected the fitting of the silicone bungs, and some replacement bungs were required at the correct 

diameter to form a good seal and so prevent bacterial contamination. 
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Figure 203.  Schematic of carboy setup - detailing silicone bung design with in-line air filter and vent filter.  Green for silicone hose, 
blue for glass tubing, red for elastic band and light grey for cotton wool filter inside plastic 10ml syringe barrel. 
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The carboys were assembled on the culture benches (Figure 204). 

 

Figure 204.  C. cal in 15 l batch culture carboys 

For a trial period the seawater was ‘polished’ by recirculating through a 1µm cartridge filter and a carbon 

filter for about 20h before using (Figure 205).  However, the results were inconclusive and so this method 

still requires further investigation. 

 

 

 

 

 

 

 

 

 

 

 

Figure 205.  Recirculation of seawater through carbon filter.  20” cartridge filters in housings external to tank, aquarium submersible 
pump recirculating seawater through filters 

valve 

C
ar

b
o

n
 f

ilt
er

 

p

u

m

p 

SW 

supply  

1
 µ

m
 c

ar
tr

id
ge

 f
ilt

e
r 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A 
Hatchery Manual 

 

Section 14 - Microalgae cultivation as an algal feed for hatchery production of Mytilus edulis spat   
Page 249 

 

 Preparation of new bags for SeaCAPS 
Details on SeaCAPS system are given in Section 14.7.5 , this section concerns preparation of new bags only. 

Algae bags (1m X 2.4m X 180 micron, 50 per roll from “100% Virgin Material”, Polystar Plastics Ltd.) were 

purchased heat-sealed top and bottom and perforated between consecutive bags so they could be easily 

detached from each other and removed from the roll (50 bags/roll).  An individual bag was taken to a clean 

bench (previously sprayed with 70% ethanol and wiped dry) and one upper corner was cut for fitting an 

autoclaved airline connection port into it (Figure 206 and Figure 207).  Teasing out a hole that was just the 

right size was achieved with the help of forceps and (dissection) scissors that were disinfected in a beaker 

containing 70% ethanol.  Once the previously autoclaved port was inserted it was taped in place with 

insulation tape and the individual components were also taped together. 

 

 

Figure 206.  Components for algae bag vent/port. 

 

 

 

 

 

 

 

 

 

 

 

Figure 207.  Schematic of algae bag airline port (filtering the exiting air).  Two syringe barrels were used, one of which was cut at an 
angle.  There was a clear vinyl tubing section between them containing filter wool plugs.  The tubing was taped to the syringes with 

insulation tape (blue). 
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The algae bag was then folded (Figure 208) taken to the SeaCAPS cage and dropped/placed in the cage. 

 

Figure 208.  Folding an algae bag ready for transfer into SeaCAPS bag cage 

The air supply was connected to the filter in the port at the top of the bag, taped in place with electrical 

insulation tape and the bag was then inflated with filtered air.  As the bag filled, its bottom corners were 

adjusted so the bag sat fully upright in the cage and symmetrically on the GRP bag base.  The air filling 

process was monitored periodically, and the bag smoothed around to ensure there were no creases as 

these creases could lead to small volumes of the algae culture being trapped and, without aeration, could 

die. 

Once the bag was full (of air) and sitting centrally on the base and inside the cage, the air supply was 

switched off by closing the individual airline valve to the bag.  A small area at the top the bag was 

disinfected by spraying it with 70% ethanol before piercing it with disinfected fine forceps or a disinfected 

plastic pipette tip.  Similarly, the glass tip of the feedline was sprayed with 70% ethanol and pushed into the 
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small hole, taking care that this hole is kept small and formed a good seal around the glass tip.  Then the 

hose-clamp valve to the feedline was opened and the bag left to drip-fill overnight with pasteurised and 

nutrient-enriched seawater (Figure 209).  The bag’s twin airlines were wrapped in tin foil that same day and 

autoclaved overnight. 

 

Figure 209.  SeaCAPS bag showing correct placement of feedline– feedline should not hang down too loosely or become stretched as 
either case may result in the line detaching under pressure. 

By morning, there was usually sufficient seawater in the bag to hold the bottom of the bag in place and 

provide enough back-pressure to obtain a good seal around the airlines when they were added to the 

bottom corners. 

Using hands sprayed with 70% ethanol, one of the autoclaved airlines (long lengths of silicone tube 

connected to an air filter at one end and a glass tip at the other) was removed from the autoclave and its 

autoclaved inline filter (0.2 µm) connected to the air supply and its air-valve opened.  After carefully 

allowing the airline to hang downwards, the place where the airline was to be inserted into the bag was 

disinfected by spraying it with 70% ethanol.  Using sterilised forceps or pipette tip, a small hole was pierced 

in the side of the bag, close to the bottom and in a downward direction.  At this point, a fine spray of 

seawater would come out of the pierced hole, so it was important not to allow this spray to reach any 

electrical equipment such as the lights.  The glass tip from the airline was inserted quickly, in a downward 

direction, into the pilot hole.  The downward position of the airline was important and helped to secure it in 

place (Figure 210). 
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Figure 210.  Airline added to SeaCAPS bag with glass tip inserted at correct angle. 

A few centimetres above the inserted glass tip, a cable tie was used to secure the airline’s silicone tubing to 

the metal bag frame in order to keep the airline upright (Figure 211) and help prevent it being pulling out 

when the bag was full and under pressure (Figure 212). 

 

 

Figure 211.  Airline cable-tied to bag cage reduce risk of airline detaching. 
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Figure 212.  Example of airline where no cable tie has been added to retain airline hose in upright position.  Without the attachment, 
the airline is at risk from falling out under the back pressure. 

The airline that had been used to fill the bag with air was then repositioned as the second main air supply 

to the bag, fitting this line to the opposite side of the bag. 

The hole left from the air filling at the top of the bag was filled with a unit that included an autoclaved 

assembly of syringe filled with synthetic wool silicone hose and glass tip.  This served as a filtered vent 

(Figure 213).   

The bag was now ready for inoculation, see Section 14.5.6 . 

Backpressure on culture bags was an issue until additional ports were added to allow extra ventilation of 

air.  Elevated backpressure had previously led to breaches of the bag and leaks.  Additional autoclaved 

vents were added if required (Figure 213).   
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Figure 213.  Additional vents can be added if bag pressure appears to be too great (assembly autoclaved before use) 
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14.5 Culture transfers – “subculturing” 
As described above, the microalgal feeds that are typically to aquaculture situations are species that divide 

rapidly and conform to the typical growth curve (Figure 214). 

Lag Exponential Limiting Stationary Decline/death

Time (age of culutre)

Cell density

 

Figure 214.  Typical representation of population growth – ‘growth curve’ 

Time-dependent progression through the growth curve depends on the algal species and environmental 

conditions (light, temperature, carbon dioxide, water quality), nutrient levels, physical limitations, etc.  

Light is often the primary limiting factor.   

It is best to subculture algal cultures during the later stages of the exponential phase as this maintains the 

algae in their best nutritional state (which is important for the larvae) and helps avoid problems with 

quality that can occur when cultures enter stationary (or decline) phase. 

Throughout the Stepping Stone project, the transfer of algae between culture flasks was carried out 

aseptically in the laminar flow cabinet (Section 14.2.10 ).  The laminar flow cabinet provided a working 

environment with constantly renewed clean air, allowing the open transfer of algae cultures and 

microbiological testing in a clean environment.  The cabinet was always used in combination with aseptic 

techniques. 

Algal transfers from 6 litre flasks to carboys or bags could not be done in the laminar flow cabinet as they 

were too large but were instead done in the mass culture room and done as cleanly as possible. 

Meticulous labelling and recording of all transfers were essential to ensure the ‘pedigree’ and performance 

of each culture could be traced quickly (Appendix 3).  These transfer records were also valuable if it became 

necessary to back-trace potential sources of contamination. 
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14.5.1 Algae transfers between flasks – transfers in the laminar flow cabinet 

Preparing to subculture 
After removing jewellery, watches, etc., hands were cleaned (washed and dried) and sprayed with 70% 

ethanol. 

The laminar flow cabinet and Bunsen burner was prepared as explained in Section 14.2.10 and all necessary 

materials collected (Figure 215). 

 

Figure 215.  Scheme of material needed in laminar cabinet for transfer from master (100ml ERL) to master and sub-master (250ml 
ERL).  Parent culture, 2 new flasks different vol., agar plate, loop (and stand), Bunsen burner.  Permanent marker for labelling. 

 

The flasks to be sub-cultured and inoculated were collected and sorted, arranging them on the workbench 

outside the laminar flow cabinet. 

If several transfers were to be performed, master cultures were always done first, then sub-masters then 

culture flasks.  This prioritisation protocol reduce risks of contamination of the master stock cultures. 

If handling several different species of algae, care was taken to sterilise all surfaces and materials between 

species.  C. calcitrans transfers were always performed first. 

Using permanent marker pen, new flasks were labelled clearly and above the level of the culture.  Any 

required agar plates were also labelled. 

Taking care not to erase their labels, flasks were sprayed with 70% ethanol before bringing them into the 

laminar flow cabinet.  Only the minimum required number of flasks were placed in the cabinet at any given 

time. 

All flasks and plates were then arranged in the laminar flow cabinet in such a way that the user did not 

work directly above them.  The cleanest samples were always placed furthest back in the cabinet, where 

there was the highest likelihood of cleanest air (Figure 216). 
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Figure 216.  Preparing to subculture a 100 ml Master 

After sub-culturing, a sample of the culture from each parent flask was streaked onto a marine agar plate to 

check its microbiology.  Following their subsequent incubation, if these streaked plates showed any 

bacterial contamination the source parent flask was discarded (refer to Section 14.3 ). 

14.5.2 Sub-culturing 
The parent algae culture was mixed well by holding the neck of the ERL and gently swirling the flasks until 

the algal cells were fully in suspension (algal cells may begin to collect in the centre of the flask).  Then, by 

swirling gently in the opposite direction, the algal cells were distributed evenly throughout the water. 

Working in the laminar flow cabinet, the silicone or Steri-stoppers were partially loosened while their 

aluminium foil covers remained in place.  This meant the actual Steri-stoppers were not touched directly.  

The foil-covered stopper of the parent flask was then removed completely, taking care not to allow the 

base of the stopper to touch anything, and the neck of this opened parent culture flask was heated under 

the naked flame until the condensation had disappeared.  The opened neck of the new flask was then 

flamed in the same way.  An inoculum of algae from the parent flask was gently decanted into the new 

flask, doing so in front of the open flame of the Bunsen burner.  The volume of inoculum varied per size of 

flask (Table 17). 
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Table 17.  Indicative inoculum volumes used for each flask transfer. These volumes were only approximate because they were not 
measured, but simply poured out using the volumetric marks on the side of the flasks and the colour of the new culture as an 

indication.  For example, the volume inoculated could be reduced if the parent culture had a high cell density. 

From 
(Flaks vol.) 

To 
(Flask vol.) 

Approx. 
inoculum 
vol. (ml) 

100 ml (Master) 100 ml 25 

250 ml 50 

250 ml (Sub-master) 250 ml 50 

500 ml 100 

2 litres 200 

6 litres 200 

500ml 500 ml 100 

2 litres 200 

6 litres 200 

2 litres 2 litres 400 

6 litres 600 

 

The neck of the new flask was flamed again before replacing the stopper.  The neck of the parent culture 

flask was then flamed again and, if required, used to inoculate another flask using the same technique. 

After all required inoculations from that parent flask had been completed, a sample was taken from the 

remaining parent inoculum or, if a sample had already been collected in an autoclaved test tube, that 

sample was used instead.  The sample was used to streak the corresponding labelled marine agar plate 

(section 14.3.1 ).  If the remaining parent culture was to be kept, its neck was flamed again, and its stopper 

replaced before the flask was moved back to its prior location. 

All newly inoculated flasks were moved to the incubator or to an appropriate location on the cultivation 

shelving unit.  If required, the flask was connected to the filtered air-supply. (Section 14.7 ) 

Streaked marine agar plates were transferred to the incubator (see section 14.3.1.7 ). 

14.5.3 Algae transfers from 500 ml ERLs 
Approximately 50ml of inoculum from a 500 ml ERL was transferred to a new 500 ml ERL and the remainder 

was transferred into at 6l flask (Figure 217). 
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Figure 217.  Subculturing a 500 ml ERL 

 

14.5.4 Turning off the laminar flow cabinet 
Once the sub culturing had been completed, internal surfaces of the laminar flow cabinet were sprayed 

with 70% ethanol and wiped with blue disposable tissue.  The cabinet’s air flow was switched off and the 

front panels replaced, which in turn automatically switched off the cabinet light.  The UV lamp was then 

turned on and allowed to complete its 1-hour cycle to disinfect the internal surfaces before the cabinet was 

re-used. 

14.5.5 Algae transfers from 6l Flasks to CBs 
The large dimensions of the 6 litre flasks and carboys precluded carboy inoculation inside the laminar flow 

cabinet.  Alternative inoculation protocols were therefore employed that allowed carboys to be inoculated 

quickly and aseptically without using the laminar flow cabinet and without opening the necks of the flasks 

and carboys to the atmosphere. 

Once the carboys had been autoclaved and cooled to room temperature, they were transferred to the 

carboy benches within the algal bag-room.  The autoclave bag covering the top of each carboy was 

removed and the inline air-filter to each carboy was connected to the air supply.  The air flow was adjusted 

to 1 l/min using a portable flowmeter (VWR, Figure 218 and Figure 219). 

6000 ml 

500 ml 

500 ml 50 ml 

Rest 
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Figure 218.  Portable air flow meter. 

 

Figure 219.  Using portable air flowmeter to set culture aeration rate at 1 litre/min. 

The air provided to the carboys was enriched with carbon dioxide (Section 14.7.1 ).  If the number of 

carboys altered, then the flow rate of the carbon dioxide needed to be adjusted accordingly to maintain the 

same % enrichment.  However, when working at full scale, there was no need to change this daily because 

the time interval between harvesting 10 carboys and inoculating the next 10 carboys was short. 

To help re-suspend any precipitates (e.g., metasilicate) and so helping to avoid cultures collapsing, the air 

was circulated through the carboys for at least 10 min before inoculating them, as follows: 

1. The parent 6 litre flask(s) being used for inoculation was taken to the carboys bench, placed on the 

middle of the top bench where the new carboys were ready and connected to the air supply (using 

the extra airline available for this purpose). 

2. An autoclaved transfer tube was collected, still retained inside its autoclave bag.  This transfer tube 

was a silicone tube of 6 mm internal diameter and 8 mm outer diameter – that is, larger than the 

silicone tubing connected to the flask and carboy bungs.  This allowed the transfer tube to be fitted 

relatively tightly over the tubing connected to both the flasks and the carboys. 
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3. Carboy tops and hands were disinfected by spraying them with 70% ethanol.  A few lengths of 

Sellotape were used over the bung and to the neck of the flask to secure the silicone bung inside 

the neck of the 6-litre flask and prevent it from being dislodged when the flask became pressurised. 

 

 

Figure 220.  Showing arrangement of the three-bore neck silicone bung used for 6-litre flasks, allowing a sampling line to be fitted 
in addition to the usual air-supply and vent lines (the vent line consisted of a syringe barrel plugged with a filter of cotton wool).  

This sampling line also doubled as a transfer line when sub-culturing flasks and inoculating carboys. 

4. The pipette tip cover over the sampling line was removed without removing the elastic band that 

was keeping its silicone tubing folded and closed (Figure 220 ).  The newly exposed end of this 

tubing was then sprayed with 70% ethanol.  After being folded tightly over on itself to prevent air 

contamination, one end of the larger diameter transfer tube was removed from its autoclave bag 

and attached to the transfer line of the 6-litre flask by fitting one tube inside the other.  The second 

end of the larger diameter transfer tube was then folded on itself and pinched closed while the 

tube was removed completely from the autoclave bag. 

5. The silicone tube on the discharge side of the carboy’s air filter was separated from its filter.  For 

cleanliness, this air-filter was left hanging to the side or positioned between the glass tubes of the 

silicone bung, taking care to ensure the outlet of the air filter did not touch anything and there was 

still a positive air pressure flowing through the air filter.  Airflow was left unaltered.  Keeping the 

second end of the larger transfer tube folded and pinched throughout to prevent air contamination 

of the tube, it was fitted over the disconnected airline hose of the carboy. 
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6. Once this larger diameter transfer tube was in place, and secured tightly, the vent-line of the 6-litre 

inoculation flask was closed with a rubber band.  Since the flask was still being aerated, this caused 

the pressure inside the flask to increase, pushing the algae culture up through the sampling line, 

along the transfer tube and into the new carboy via the airline (detached from the air filter). 

7. The volume of inoculum transferred was monitored carefully using the graduations on the 6-litre 

flask.  Inoculums were usually 500ml.  Since each 6-litre flask held 5 litres of algal culture, one 6-

litre flask usually inoculated 10 carboys (but see point 12 below). 

8. Once the required inoculum volume was transferred, the transfer tube was pinched close at the 

carboy end and uncoupled from the carboy’s airline, which was also kept pinched closed.  After 

spraying both with 70% ethanol, the carboy’s air-filter was reconnected to the carboy airline 

(ideally i.d. 3.8 mm, o.d. 7 mm silicone hose).  The sub-culture procedure was then repeated by 

moving the pinched large diameter transfer tube to the next carboy that required inoculation.  This 

was repeated for as many carboys as required.  Some adjustment of the position of hoses was 

required to drain any algae culture into the carboys and prevent any being transferred into the air 

filter. 

9. After the last carboy had been inoculated, the rubber band on the 6-litre flask’s vent line was 

removed to depressurise the flask before turning off the air supply to the flask.  This prevented any 

algal culture being pushed into the air filter. 

10. Carboys on each bench were always inoculated in the same order, so only the first carboy 

inoculated from each flask needed to be labelled with date, code of the source flask and arrows 

indicating the direction in which the carboys had been inoculated, as follows: 

 

 

11. It was important that the label was written above the level of the culture in the carboy, so it was 

still visible once the culture became dense and dark coloured. 

 

 

Figure 221.  Labelling of Carboys: inoculation date, source flask (Ex-XXX) and the sequence of flasks inoculated, recorded by drawing 
arrows. 
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12. It was clear that higher cell densities in the inoculum led to better overall cell densities at carboy 

harvest (reduced the duration/impact of the lag phase).  If a parent 6-litre flask had a lower than 

usual cell density, a greater inoculum volume, such as 1 litre, could be required to ensure a 

satisfactory starting cell density in the carboys – in which case, each flask would only inoculate 5 

carboys and two 6-litre flasks would be required that day.  Note: If it was necessary to use more 

than one inoculation flask, a different autoclaved transfer tube was required for each flask used.  It 

was therefore helpful to autoclave two transfer tubes routinely each evening in case a second flask 

needed to be used the following day or the first transfer tube was accidentally dropped and 

contaminated. 

14.5.6 Algae transfers from 6-litre flasks to bags 
In a similar way to inoculating carboys, a 6-litre flask could be used to inoculate an algae bag aseptically 

without opening the flask and exposing its contents to contamination from the atmosphere.  Transfers from 

a 6-litre flask to a bag was done as follows: 

1. Initially, the feedline that delivered pasteurised and nutrient-dosed seawater to the selected algae 

bag was closed using a pinch clamp. 

2. The 6-litre flask being used to inoculate the bag was placed on a trolley adjacent to the bag (an 

upside-down tub was used on the trolley to give extra height). 

3. The flask’s bung was sellotaped securely onto the neck of the flask and the autoclaved transfer 

tube (i.d. 6 mm, o.d. 8 mm) was connected tightly over the flask’s transfer line (i.d. 3.8 mm, o.d. 7 

mm) after the latter’s pipette tip cover had been removed and the exposed tubing sprayed with 

70% ethanol.  Care was taken to leave the rubber band on the flask’s transfer line in place to keep 

that line folded and closed.  The larger diameter transfer tube needed to be long enough to reach 

to the top of the bag and it had a glass tip at the end to insert in the bag. 

4. A small area close to the top of the bag was cleaned with 70% ethanol and the bag was pierced 

within that cleaned area with sterilised forceps or pipette tip, making a small hole.  Then the 

sterilised glass tip from transfer tube was pushed into the bag through this small pilot hole, giving a 

tight seal. 

5. The rubber band on the flask’s transfer line was removed and the flask pressurised by connecting 

its air-supply while folding the vent line closed and securing with a rubber band.  A silicone tube 

airline had to be long enough to connect the flask’s air-filter to the closest available air supply line. 

6. The pressurised culture will flow through the transfer tube and into the bag (Figure 222).  The 

volume added per bag will depend on the cell density of the inoculum but a minimum of 500ml was 

added per bag.  If the flask had good cell density, usually 2 litres were added.  After the required 

volume had been transferred, the flask’s vent-line was opened to release pressure.  The flask’s air 

supply was then switched off and then the transfer tube was removed from the algal bag 

(important to do in this order). 

7. The hole in the bag left after removing the algal transfer tube was immediately sealed with a vent 

made from an autoclaved syringe connected to silicone tube with a glass tip (Figure 223). 
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8. If the same flask was used to inoculate more than 1 bag, care was taken not to allow the transfer 

tube to become contaminated or, ideally, it was replaced for another autoclaved transfer tube 

between bags. 

9. The inoculated algal bag was labelled clearly with algae species, bag number, inoculation date and 

source flask code (‘Ex number’).  Bag inoculation records were routinely kept and filed, including 

the volume of inoculum used (Appendix 6). 

 

A     B   

Figure 222.  (A) Inoculating a bag from a 6-litre flask. (B) Bag pierced with glass tip connected to silicone hose. Algae seen jetting 
into bag. 

 

Figure 223.  Vent prepared from autoclaved syringe barrel filled with synthetic wool and connected to bag by a glass-tipped silicone 
tube. 
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10. On the same day as inoculation, or soon after, while there was still a relatively low volume of algae 

culture in the bag, the harvest line (or lines) was added to the bag (Figure 224). 

 

 

Figure 224.  Two harvest lines added to bag, one at the top and one mid-way (harvest line consists of silicone hose with glass tip) 

11. If the cell density were adequate and the culture showed a strong colour, the feedline could be re-

opened to continue filling the bag over the next few days. 

12. If the culture appeared very dilute, the feedlines could be temporarily closed to allow the algal cell 

density to increase. 

13. Care was taken to ensure the harvest line was opened once the bags were almost full, so the bag 

did not overflow. 

 

14.6 Algae culture checks 
Checks were performed daily, and records kept (Appendix 5 and Appendix 6) 

14.6.1 Sampling algae 
Collecting a sampling of algae from a culture for analysis had an accompanying high risk of contaminating 

the culture.  The process of taking a sample from an ongoing algae culture had to be done as cleanly as 

possible so minimising the risk of contamination.  Algae samples for microbiology checks needed to be 

transferred into a sterilised container (e.g., autoclaved test-tube with aluminium cap).  Whenever a 

microbiology sample was required, a second sample for measuring the environmental parameters (i.e., pH 

and temperature) was taken at the same time, to avoid sampling from the cultures vessels twice and 

increasing the risk of contamination. 
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Algae samples taken for the measurement of temperature, pH and/or cell counts did not need to be 

transferred into a sterile container and clean, labelled glass test tubes were sufficient for this purpose.  

Note that for pH measurements, a 50ml test tube was required to allow the pH probe to fit inside it. 

Different sampling techniques were used for the various culture vessels: 

• Non-aerated small flasks were sampled after sub-culturing, using any remaining inoculum, if no 

longer required.  Alternatively, if ongoing cultivation flasks needed sampling, the flask could be 

taken into the laminar flow cabinet and unstopped, flaming the neck and using a pipette (e.g., 

sterile glass Pasteur pipette) to withdraw a sample. 

• Aerated 500ml and 2 litre flasks were sampled using a sterile syringe and drawing culture from the 

airline after temporarily disconnecting the air filter. 

• 6 litre flasks were sampled using the flasks sampling line (a.k.a. transfer line) by removing the 

pipette tip and rubber bung from it and holding the line into a beaker.  The flask’s vent line was 

pinched closed until any drops of culture trapped inside the sampling line had run to waste, then 

the beaker was replaced with the open, labelled, sterile test tube and the sample collected.  

Afterwards, the pinched vent-line was released, the sample line and pipette tip sprayed with 70% 

ethanol and the pipette quickly replaced over the sampling line before folding it over and holding in 

place with the elastic band. 

• Carboys were sampled with a sterile syringe from the carboy’s airline after disconnecting the filter, 

or from the same line without a syringe, by pinching closed the vent line. 

• Bags were sampled from the (top) harvest line by temporarily disconnecting it from the harvest 

channel (Figure 225). 

• Harvested C. calcitrans samples from the C. calcitrans collection tank were taken using a long, 

weighted length of silicone tube attached to a sterile 50ml syringe. 

• Harvested flagellates or algae mix (flagellates and C. calcitrans.) were sampled from E tanks by 

immersing a sterile test-tube (or other vessel) into the tank or by opening the tank’s bottom valve, 

first taking care to let some culture drain to waste before collecting samples. 

In all cases, lines and hands were sprayed with 70% ethanol and, if disconnected, care was taken to 

ensure the air filter did not touch anything and had air flowing through it. 
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Figure 225.  Sampling algae from harvest line of SeaCAPS bag. 

14.6.2 Measuring temperature of algal samples 
Temperature monitoring was necessary to check whether cultures were being held at the desired 

temperature and to correct pH meters (Section 14.7 ). 

Air conditioning in the master culture room and mass culture rooms was generally effective at maintaining 

a stable air temperature and was used as a means of controlling the temperature of the cultures.   Some 

issues were encountered with the air conditioning unit during the project that included times when the unit 

reset itself and automatically entered ‘standby’ mode when the setting ‘auto’ had been selected (rather 

than ‘cool only’).  Some blockages in the drain hose from the air conditioning unit were observed as well.  

The capacity of air-conditioning for the mass culture room, was underestimated and the unit did not cope 

with maintaining culture temperatures during periods of solar gain during summer months. 

Temperature needed to be measured as soon as possible after collecting algal sample since the 

temperature would be influenced by any change in ambient room temperatures. 

Direct automatic logging of culture temperatures in the SeaCAPS system was added to monitor the 

temperature of harvest channels for each algal species, as well as the seawater temperature before and 

after pasteurization/heater exchanger (Squirrel data logger (Eltec) with U-type thermistor temperature 

probes (Wessex Power) and HI61014 pH electrodes (Hanna Instruments)).  Extensive work was required to 

investigate issues with erroneous pH readings.  Grounding the pin to the Squirrel and moving the unit away 

from the fluorescent tubes greatly improved credibility and reproducibility of pH readings. 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A 
Hatchery Manual 

 

Section 14 - Microalgae cultivation as an algal feed for hatchery production of Mytilus edulis spat   
Page 268 

 

Data loggers (Transit 2, Tiny Tag) were also positioned at numerous points to help monitor room 

temperature (e.g., on open shelving and attached to the outside of bags).  Occasionally, submersible 

temperature loggers were also used to monitor culture temperature (Hobo). 

Trials comparing an infrared thermometer (Fluke 561) to a thermocouple (Type K Fisher Scientific 

Traceable) showed the infrared measure to be variable, usually higher and not reliable. 

D. lutheri performed better at lower temperatures than T. isochrysis – probably because of the latter’s 

Tahitian origin. 

Future hatchery work would need to explore other options for stabilising temperature for 

the large algal bag room.  This could include additional air conditioning, changing the 

fluorescent lamps to LED, refrigeration of the seawater, reconfiguring the plate 

exchanger and possibly relocating the SeaCAPS pasteuriser to another room. 

14.6.3 Measuring pH 
The pH of algal cultures often increased during their growth cycle because of carbon dioxide assimilation 

during photosynthesis and the resulting impact on carbonate buffering.  Dissolved carbon dioxide 

concentrations in algal cultures can be replenished by aeration, by dissolving carbon dioxide directly into 

the seawater and/or by adding carbon dioxide to the air supply.  

During the Stepping Stone project, pH probes were used to measure the pH of samples taken from flasks 

and carboys to inform whether carbon dioxide flow rates required adjusting. 

These pH probes could also be used to measure the pH of algal samples collected from bags. 

The pH meter (Fisher Scientific) was calibrated daily as per manufacturer’s instructions, remembering to 

open the probe (ring at top of probe) when the probe was being used. 

Automatic logging of pH in the SeaCAPS system was added to monitor the harvest channel for each algae 

species, as well as seawater pH before and after pasteurization/heater exchanger. 

 

14.6.4 Algae density and other visual observations of algae cultures 
To monitor the cell densities of algae cultures, an aliquot was assessed under a light microscope using an 

improved Neubauer haemocytometer (Marienfeld). (Note: The Neubauer Improved Bright-Line model was 

preferred). (Figure 226). 
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Figure 226.  Improved Neubauer Haemocytometer, Bright-line model. 

 

Counting algal cells using a haemocytometer was a relatively common and straightforward method (Figure 

227).  However, it was a very time-consuming process, particularly considering the number of samples 

during the implementation phase of an algae production unit are likely to be very high.   

Alternative methods such as automatic particle counters (Coulter Counter Multisizer, 

FlowCam or similar) should be used if possible and built into capex of a commercial 

hatchery. 

Some initial trials to correlate turbidity readings (LaMotte 2020wi) with cell density were abandoned in 

favour of performing cell counts under microscopy with a haemocytometer 

Light microscopy (DME, Leica) was mainly used in phase-contrast mode and with 20x or 40x objectives. 

 

Figure 227.   Microscopic examination of algal sample in haemocytometer 

Microscopic assessment also provided an opportunity to check for possible contamination from other 

algae-species (competitors) or zooplankton (predators).  Ciliates (ciliated protozoans) were occasionally 

observed after a contamination issue.  Ciliates are single-celled but because they have a larger cell 

compared to most other single-celled organisms, they can feed on other micro-organisms including bacteria 

and algae.  By looking at the live algal sample in a raft chamber or haemocytometer, ciliates in the sample 

could be identified primarily by their swimming patterns being different to those of flagellate algae. 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A 
Hatchery Manual 

 

Section 14 - Microalgae cultivation as an algal feed for hatchery production of Mytilus edulis spat   
Page 270 

 

Bacteria were sometimes visible under the microscope (Figure 228); however, this method is not a 

reliable/accurate method to check for bacterial contamination (instead, refer to section 14.3 for monitoring 

bacterial contamination). 

 

Figure 228.  Sample of Chaetoceros calcitrans contaminated with bacteria (smaller dots) 

Movement was an important factor in helping to identify the presence of competitors and predators in the 

cultures (at 10x objective), so observations needed to be done promptly on a live sample (i.e., not fixed 

with formalin).  Only one sample in one side of a haemocytometer was checked for contaminants. 

Algal cells needed to be stationary for counting purposes (20x magnification, possibly 40x for C. calcitrans). 

Since C. calcitrans cells are not motile, one fresh sample was sufficient for both contamination monitoring 

and algal cell counting.  However, flagellate algal species are motile and so samples of T. isochrysis and D. 

lutheri used in the Stepping Stone project needed to be examined for contamination immediately after 

collection and before immobilising the algae remaining in the sample test tube with a couple of drops of 

formalin.  It was advisable to reserve a Pasteur pipette solely for handling formalin and label it as such. 

A glass Pasteur pipette with bulb was used to aerate/mix the algae sample (in its test tube) so it was 

homogenous before using the same pipette to draw up a small volume (one clean pipette per sample) for 

loading into the haemocytometer (Figure 226).  Capillary action was enough to draw the required volume 

into the haemocytometer prepared with its coverslip. 

Care was taken to ensure the sample filled the chamber of the haemocytometer without flooding into the 

channels and there were no air pockets. 
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These mixing and loading processes were repeated for a second sub-sample of the fixed algae to the other 

side of the haemocytometer. 

If several haemocytometers were available, they could each be loaded with samples from different 

cultures.  It was necessary to wait a few minutes for the algal cells to settle before starting to count. 

Figure 229 is an image of a haemocytometer grid.  The number of squares to count depended on the 

density of the algae sample.  For cultures below 2 million cells/ml, all the 25 centre squares were counted.  

For samples with higher cell densities (above 2 million cells/ml), only the four corner squares and centre 

square were counted (shaded in red colour in Figure 229). 

 

 

Figure 229.  Image of Haemocytometer grid, from https://btiscience.org/wp-content/uploads/2015/12/e.-Algae-to-Energy-
Counting-Algae-Cells.pdf, accessed 2 April 2019 

 

Due to the necessary multiplication factor, it was important to be accurate and consistent about which cells 

were counted.  In brief, throughout the Stepping Stone project, the following widely applied system was 

used:  only cells that were completely inside the square were counted as well as cells that were 

over/touching the lower and left-hand of the square (i.e., excluding cells that overlay/touched the upper 

and right-hand side of the outline). 

Once the first sub-sample on one side of the haematocytometer had been counted, the process was 

repeated for the second sub-sample loaded into the other side.  Both cell counts were recorded, and their 

average cell count computed.  Two cell counts per sample were used routinely for estimating algae cell 

densities, acknowledging that a larger error was associated with this method. 

Increasing the count accuracy could be done through replicating and increasing the number of samples and 

cell counts (e.g., up to 6 samples), however this was unfeasible due to the time required to do this. 

https://btiscience.org/wp-content/uploads/2015/12/e.-Algae-to-Energy-Counting-Algae-Cells.pdf
https://btiscience.org/wp-content/uploads/2015/12/e.-Algae-to-Energy-Counting-Algae-Cells.pdf
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Each morning, after completing the cell counts for the newly harvested algae, the hatchery’s Daily Record 

Sheet was updated with these average values of algal cell density (Appendix 12). 

If cell density needed to be calculated manually, the following equation was used: 

𝑀𝑒𝑎𝑛 𝑐𝑒𝑙𝑙 𝑐𝑜𝑢𝑛𝑡 𝑓𝑟𝑜𝑚 𝑓𝑖𝑣𝑒 𝑐𝑒𝑛𝑡𝑟𝑒 𝑠𝑞𝑢𝑎𝑟𝑒𝑠 × 50,000 = 𝑥 𝑐𝑒𝑙𝑙𝑠/𝑚𝑙 

 

14.6.5 Difficulties and observations when counting algae with a haemocytometer 
The flagellate species D. lutheri and T-isochrysis are unicellular and reasonably regular in shape and size so 

their enumeration was relatively straightforward.  C. calcitrans, on the other hand, was not so easy to count 

as this diatom algal species forms chains that are usually non-linear and the size of C. calcitrans cells within 

samples also varied markedly.  Aggregations of 2, 3 or sometimes more C. calcitrans cells were often seen 

and each cell needed to be counted (Figure 230). 

 

Figure 230.  C. calcitrans algal sample under phase contrast. 

Algal ‘clumps’ (phytodetritus) in a sample were noted as a sign of poor algal quality, these clumps were not 

included in the sample’s cell count as they were unlikely to be available for the larvae as a food source. 
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14.6.6 Typical algal cell densities 
Various algal cell densities were typically observed during the project (Table 18).   

Table 18.  Typical algal cell densities 

Algal Species Initial Cell Density Final Cell Density Comments 

C. calcitrans. 2 million cells/ml 10 million/ml (smaller 
flasks) 
60 million/ml (6 l flask) 
20 million/ml (CBs) 

Less than 1 million 
cells/ml were 
common at 
inoculation and 
often 3 million 
cells/ml observed in 
harvested flasks.   
 
60 million/ml was 
desired but never 
reached 

Flagellates 
(D. lutheri and T-iso) 

 20 million/ml (flasks) 
 
 
 
2 – 8 million/ml (bags) 

Flagellate flasks 
were generally on a 
7-day cycle. 
 

 

 

14.6.7 Cleaning the haemocytometer between counts 
A wash-bottle filled with tap water was used to provide a flow of freshwater over the haemocytometer into 

a beaker that would release the coverslip from the haemocytometer.  A soft tissue could then be used to 

dry most of the water from the slide.  A lens tissue was used if wiping over the chambers as this was softer 

and was thought not to damage the etching or glass treatment in the haemocytometer. 

 

14.7 Culture conditions and cycles 
For biosecurity reasons, no algae cultures used during the project were obtained from existing hatcheries 

but instead purchased directly from the Culture Collection of Algae and Protozoa (SAMS, Oban), and 

delivered direct by mail as 50ml stock culture samples (Table 19). 

Table 19.  Main algal species cultivated during project with their reference from the Culture Collection of Algae and Protozoa, SAMS, 
Oban. 

Species CCAP Reference 

T-iso (Isochrysis galbana) CCAP 927/1 

Diacronema lutheri CCAP 931/1 Diacronema (Pavlova) lutheri 

Chaetoceros calcitrans CCAP 1010/11 Chaetoceros calcitrans fo. pumilus 

 

These initial stocks were sub-sampled to create local master cultures.  
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From the master cultures, sub-masters were derived and subsequently the volume of culture was scaled-up 

into bigger flasks and eventually into batch-cultured carboys (C. calcitrans) or continuously cultured bags 

(flagellates) for subsequent harvesting and feeding to mussel larvae. 

Besides the three main species cultivated, a master culture of Chaetoceros sp. was obtained from CCAP and 

held at the hatchery but it was neither scaled up nor used as mussel feed, so it does not feature in this 

report. 

 

14.7.1 Master cultures 
Master cultures (100 ml flasks), as well as Sub-masters (250 ml flasks) were kept in an illuminated 

incubator, at 17° C on a 16:8 light:dark cycle (Figure 231).  The light source was fluorescent tubes (~ 10 

µmol photons m-2 s-1).  Due to a cabinet malfunction (which led to a loss of temperature control), the 

cultures were moved into a second illuminated cabinet, that also was operated at 17 °C and 16:8 L:D cycle, 

but this newer incubator used a LED light source (~ 32 µmol photons m-2 s-1). 

Master sterile cultures were typically sub-cultured aseptically every two weeks, except for T-iso masters 

that were only sub-cultured every 4 weeks.  However, there were two sets of T-iso cultures, so this meant 

that there was one set ready for sub-culture every two weeks. 

Master cultures were sub-cultured by pouring aseptically ~25ml old culture into fresh 50ml culture media in 

a 100ml flask (Sections 14.4.2.1  and 14.5.1 ).  Bacterial contamination was assessed (Section 14.3 ).  The 

remaining culture was discarded or used to start a new sub-master when required, by pouring ~50ml 

master culture into 100ml culture media in a 250ml flask (Sections 14.4.2.1  and 14.5.1 ). 

Master cultures needed to be swirled daily.  To mix the culture effectively, the ERL was swirled gently in a 

clockwise direction then in an anticlockwise direction.  Care was taken not to allow the culture to wet the 

cellulose Steri-stopper. 

 

 

Figure 231. Illuminated incubator with master (100 ml) and sub-master (250 ml) algae cultures. 
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14.7.2 Sub-master cultures 
Sub-master cultures were kept in the illuminated incubator alongside the master cultures (Figure 232) and 

so on the same diurnal L:D cycle and temperature regime.  Sub-masters were also swirled daily. 

 

Figure 232.  Master (100 ml ERL) and Sub-master (250 ml ERL) algae cultures. 

D. lutheri and C. calcitrans 250 ml flask sub-master sterile cultures were sub-cultured every two weeks, T-

iso every 4 weeks in the laminar flow cabinet with bacterial contamination assessed (Section 14.3 ). 

To sub-culture a sub-master, around 50 ml of the parent culture was poured into 100 ml of freshly 

prepared sterile culture media in a 250 ml flask (Sections 14.5.2 ). 

Depending on requirements and species, the remaining sub-master was either used as: 

• ~50 ml into 200 ml media in a 500 ml flask 

• ~200 ml into 1 litre in 2-litre flask 

• ~200 ml into 5 litres in 6-litre flask 

• Any remaining culture was discarded 

Over time, subculturing practices formed typical patters ( 

Table 20). 
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Table 20.  Summary of algal flask and carboy culture – duration and flask numbers. 

 

 

 

 

 

 

 

 

 

 Master 

(100ml 

ERL) 

Sub-master 

(250 ml 

ERL) 

500 ml ERL 2000 ml ERL 6000 ml ERL 

T-iso 

Number 

   1 1 

T-iso 

Cycle 

4 weeks 

No Air 

4 weeks 

No Air 

7 days 

Air + CO2 

7 days 

Air + CO2 

7 days 

Air + CO2 

Cell/ml 

Start 

Finish 

   

2 million 

7 million 

  

1 million 

10-15 million 

      

D. lutheri 

Number 

   1 1 

D. lutheri 

cycle 

2 weeks 

No Air 

2 weeks 

No Air 

 ~ 7 days 

Air + CO2 

~ 7 days 

Air + CO2 

Cell/ml 

Start 

Finish 

   

1.5 million 

5 million 

  

1 million 

8 million 

      

 

 

 

 

 

 

 

Incubator Open Shelving in Culture Room 
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C. cal. 

Number 

  5 5 5 or 10 depending on 

density 

C. cal. 

Cycle 

2 weeks 

No Air 

2 weeks 

No Air 

5 (up to 7) 

days 

Air only 

 

Air + CO2 

5 days 

Air + CO2 

Cell/ml 

Start 

Finish 

  Desired 

5 million 

14 million 

 Desired  

14 million 

60-80 million 

 

14.7.3 Open shelving for flask cultivation 
Racks of plastic shelving were used for flask cultivation (Figure 233).   

 

Figure 233. Open shelving with illuminated algae cultures.  Portable blower located on top right of rack and two sets of individual 
airlines available at flask positions (air and air+CO2). 
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Each shelf was positioned in front of twin, cool white, fluorescent lights (58W, Osram), and shelf levels 

adjusted so the lower half of the flasks were approximately in line with the lower lamp, thereby maximising 

light delivery to the algal culture (Figure 237).  Fluorescent lamps were replaced annually as the output 

decreased considerably after one year.  Light intensity for the cultures was measured at ~ 145-205 µmol 

photons m-2 s-1 (MQ-200, Quantum Meter, Apogee Instruments, Figure 234). 

 

Figure 234.  Measuring light levels at same distance from lamps with Apogee Quantum Flux light meter and ruler. 

 

To increase biosecurity between the master culture room and the mass culture and larvae production 

areas, rather than using the main air-supply, air was pumped locally through an aquarium air pump (SPP 

40GJ-L, Pump 40) in the master culture room and supplied each flask at an aeration rate of 1 l/min.  

A ring-main of braided flexible hose carried air from a portable blower located in the master culture room.  

Tee branches were available at each shelf and hoses were reduced to airline silicone hose (6 mm) with 

individual aquarium Tees and aquarium airline needle valves for each flask position.  A second airline was 

metered through a flow meter and a supply of carbon dioxide gas (Section 14.7.1 ), was injected to the air 

supply through a non-return valve.  It was preferable to position the air connections at the back of the shelf 

(towards the lights) because this allowed easier access to ports when sub-culturing and sampling. 

All 2 litre and 6 litre flasks received carbon dioxide enriched air to try to help stabilise culture pH and boost 

cell densities.  The pH of the algae culture was initially kept between 7.7-8.2, but this range was extended 
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to 7.7-8.5 later in the project.  Air flow was measured inline (between the air tap and the air filter) for each 

flask, so any filter blockage/reduction of flow was considered. 

The master culture room was air conditioned (3.5 kW cooling capacity, KIT- RE12QKE, Panasonic).  The 

thermostat was set at 20oC to achieve a solution temperature of 22°C and the AC unit was checked daily.  

Some issues with the air conditioning unit were observed, which caused the unit to fault into ‘standby’ 

mode.  It was concluded that the unit performed more reliably when it was left on ‘cool’ mode (rather than 

‘auto’ mode). 

 

14.7.1 Carbon dioxide (CO2) 
Bottled carbon dioxide (Industrial Grade - 47 litre Steel Cylinder (34 kg, Air Products) with Series 8500 

Regulator (BOC) set to deliver ~0.5 bar line pressure (Figure 235) was mixed with the air supply at rates 

between 0.2 and 0.35%.  It was important to monitor pH and algal cell densities through the culture growth 

cycles to check whether carbon dioxide levels may be adversely affecting pH between initial subculture and 

up to the day of harvest.  If any pH issues were noted in the cultures, the level of carbon dioxide addition 

was adjusted by  0.05%/volume.  

The bottle and line pressure were read from the regulator gauges and recorded regularly.  Note: it was 

important to tap the scale dials on the regulator gently before reading flowrates and remaining gas levels 

because the indicator needles could sometimes stick slightly. 

 

Figure 235.  Carbon dioxide cylinder and regulator. 

The CO2 flowmeter used (TW-03219-05 FLOWMETER SS/GLASS, Cole Parmer) had an arbitrary scale so the 

measured flow rate was interpreted against a calibration scale for CO2 (the required relationship equation 

can be found in  
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Appendix 10).  Using this calibration curve, the required reading for CO2 was then calculated and the 

flowmeter adjusted according to the number of aerated flasks being cultivated at any given time.   

 

 Monitoring of atmosphere in work areas for carbon dioxide 
The room atmosphere where carbon dioxide gas was added to culture vessels was continuously 

monitored and alarmed (Duomo and CellAir, Figure 236) to warn and to stop personnel from entering 

areas if carbon dioxide had vented and enriched the atmosphere. 

 

 

Figure 236.  Carbon dioxide monitoring of work atmospheres 
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14.7.2 Chaetoceros calcitrans 
The C. calcitrans inoculum available from CCAP was a smaller ‘dwarf’ form of this species (Chaetoceros 

calcitrans f. pumilus).  Despite re-commencing with several new starter cultures supplied by CCAP, this 

strain did not seem as vigorous as Chaetoceros calcitrans and Chaetoceros mulleri cultures in hatcheries 

elsewhere.  However, due to biosecurity concerns it was decided to continue using the C. cal. variant from 

CCAP and not import from another source.  

Future hatcheries would be recommended to identify a more robust and faster growing 

strain of C. calcitrans from an alternative source or else substituting C. mulleri as a 

replacement species.  Care will be needed to demonstrate mussel larvae were at a size 

they were able to feed on C. mulleri and that the algal species was nutritionally suitable 

for development and growth. 

Several flask volumes (500ml, 2-litre, and 6-litre) were used to upscale production with sub-culturing cycles 

every 5-7 days.  C. calcitrans culture flasks (500 ml ERLs) were kept on open shelving in the master culture 

room (Figure 237).   

 

Figure 237.  C. cal. flasks (500 ml ERLs) on open shelving. 

The optimal cell density in C. calcitrans flasks before using the culture to inoculate a carboy inoculation was 

recommended to be 60-80 million/ml.  This cell density was never achieved.  Cell densities in 500 ml flasks 

were expected to double during the 5-day cycle.  Results elsewhere showed an C. calcitrans inoculum of 7 

million cells/ml reaching 14 million cells/ml during this period.  In the present project, the starting densities 

were much lower (2 – 3 million cells/ml), which, although doubling over the subculture cycle, never 

reached the 14 million cells/ml target for the 500 ml flask.  

C. calcitrans were typically sub-cultured from non-aerated 500ml flasks into aerated 2 litre flasks and from 

these into aerated 6 litre flasks.  Many variations of the cultivation protocol were tested but none appeared 

to result in the desired final cell density.  Examples of variations included: 

• Increasing the inoculum volume to reduce lag phase  



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A 
Hatchery Manual 

 

Section 14 - Microalgae cultivation as an algal feed for hatchery production of Mytilus edulis spat   
Page 282 

 

• Transferring the 500 ml flasks to a second illuminated incubator to stabilise the flasks’ C. calcitrans 

incubation temperature. 

• Changing from “250ml to 1l to 6l” to “250 ml to 500 ml to 2l to 6l” on a 4-day cycle and inoculating 

at higher density (50 ml into 100 ml seawater (250 ml flask); 100 ml into 200 ml seawater (500 ml 

flask, air +no CO2); 200 ml to 1 litre seawater (2l flask); 600 ml in 5 litres seawater (6l flask). 

• Initially, the standard procedure was to incubate 500ml flasks without the addition of aeration 

throughout their 5-7-day growth-cycle, but non-aerated 500ml flasks were abandoned because of 

their continued poor performance.  Subsequently, these 500 ml flasks were used to inoculate 6 litre 

flasks (Section 14.5.1 ), then these 6 litre flasks would be cultured for a further 5 days.  However, 

due to lower-than-expected cell densities in the non-aerated 500ml flasks (lower than the aimed 14 

million/ml) an intermediate stage of 2 litre flasks directly from the sub-masters were introduced. 

• Latterly, 500ml flasks were re-introduced, but this time with aeration.  For the aerated 500ml 

flasks, a second air supply line was provided without CO2-enrichment (air only, 0.5 - 1 l/min).  This 

protocol gave the best results, however the cell densities remained lower than the targeted 60 – 80 

million cells/ml. 

The lower-than-expected cell densities meant that two 6 litre flasks of C. calcitrans were required daily to 

inoculate carboys (instead of one 6 litre flask being used to inoculated 10 carboys).  A new flask of each 

volume was inoculated (day 0) and one used (day 4), so there were always at least three flasks at different 

stages being cultivated alongside each other (day 0, 1, 2, 3, and 4). 

 C. calcitrans culture crashes in flasks 
C. calcitrans cultures crashed for several reasons.  A poorly performing culture could often be identified 

when clumps were seen in the culture, aggregations of algae on the flask bottom or on the flask wall 

(Figure 238).  Cultures losing their colour (‘bleached’) was also a sign of poor performance.  If a flask 

showed signs of crashing, they were usually discarded and not used for inoculating CBs. 

 

Figure 238. Example of crashed algae culture. 

During production, discarding a flask was problematic as this could interrupt subsequent availability of the 

algal feed for the mussel cultures.  Choosing a good flask at a similar stage in the cultivation cycle and 

introducing an extra flask to replace the discarded one was the method usually adopted to ‘catch-up’ with 

flask availability.  For example, if on a given day, a day 4 flask crashed, the day 3 flask could be used to 
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inoculate carboys and two new day 0 flask inoculated.  Over the following days, the subsequent day 3 flask 

will be used until the two flasks inoculated on the same day are reached.  At this point, one will be used in 

day 3 and other in day 4, so re-establishing the normal culture cycle after that (the same principle can be 

used to replace smaller flasks). 

 

 Batch culture of C. calcitrans in carboys 
Required parameters for cultivation in carboys were like those in flasks: a culture temperature of 22°C and 

pH between 7.7 - 8.2 (this range also being later extended to 8.2-8.5).  

Carboys were cultivated on custom-built open shelves or ‘benches’ made from aluminium grating (Ocean 

Kinetics Ltd., Figure 239).  The bench was split into six areas (labelled A to F) using top and bottom shelves 

for each area (Figure 240).  The ten autoclaved carboys for the one day were allowed to cool to room 

temperature next door then were distributed with five on the top shelf and five on the bottom shelf of the 

same bench area.  The carboys inoculated on consecutive days were side by side.   

A small gap was left between the middle carboys to leave space for the 6-l flask for inoculation.   

 

 

Figure 239.  Carboys on illuminated carboy bench.  6 litre flask ready for inoculation also in place (top right). 
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Figure 240.  Carboy culture benches, showing the batches of 10 carboys used per day. 

 

A commercial hatchery would likely require an additional 4 carboy benches, or possibly more. 

Air temperature was controlled in the room by an air-conditioning unit (6.8 kW cooling capacity, KIT- RE24-

QKE Econavi, Panasonic).   

Air for aerating the cultures was provided centrally from the main side-channel blower (ESAM MedioJet 

3kW, BVC Quirepace Ltd.) and was filtered (LMT series 10” cartridge 1 µm filtration (Eaton), Figure 241) 

with the air filter being changed or at least autoclaved annually. 

Air was then provided across the carboy bench via a 2” PVC pipe and holes drilled beside the carboy 

positions to receive clear PVC hose.  Ten air outlets (plus one extra for the 6-litre inoculation flask) were 

provided per bench area and each carboy’s air supply was individually controllable with a valve.  Several 

aquarium-style air valves were tested but it was difficult to achieve a steady, reliable, and maintainable 

level of aeration with them.  Although relatively ‘fiddly’ to set, hydroponics valves were more stable (SKU 

Antelco 4mm vari-flow).  Each carboy bung assembly was fitted with an 0.2 µm air filter. 

 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A 
Hatchery Manual 

 

Section 14 - Microalgae cultivation as an algal feed for hatchery production of Mytilus edulis spat   
Page 285 

 

 

Figure 241.  Stainless steel Inline air filter housing. 10” cartridge 1 µm filtration (Eaton LMT series). 

 

After poor algal performance in 2017 and records of pH ~ 9.5 at day-2, addition of acid (HCl) was 

considered.  However, a CO2 source was made available from a bottled gas supply instead and the CO2 gas 

supply was tapped into the airline upstream of the carboy bench (Figure 242) by way of a non-return valve.  

The CO2-enriched air was piped along each of the top and bottom shelves (Figure 242).   
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Figure 242.  Addition of carbon dioxide (yellow hose via non return valve) tapped into the piped air supply. 

 

The enrichment levels of CO2 varied between 0.2 and 0.35%.  Flow rate was measured with a flowmeter 

(TW-03219-15 FLOWMETER SS/SS, Cole Parmer, Figure 243) and the flow rate interpreted against a 

calibration scale for CO2 ( 

Appendix 10).  The flow rate of CO2 was adjusted according to the number of aerated carboys at any given 

time.  If the number of carboys being cultivated increased or decreased, CO2 flow was adjusted accordingly.  

However, at full scale, there was no need to change flow rates daily as the time-period between harvesting 

the day 5 carboys and inoculating the day 0 carboys was relatively short. 
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Figure 243.  Carbon dioxide flow meter and valve (this one is for CO2 supply to carboy benches). 

 

The flow of CO2-enriched air was measured in line for each carboy individually (placing the flow meter 

between the airline valve and the air-filter inlet, to allow potential filter blockage/reduction of flow to be 

taken into consideration).  Flow rates of 1 l/min were set for each carboy and this was found to maintain a 

pH within optimal limits for algal growth and to provide a source of carbon for algae biomass. 

Artificial lighting was supplied to the carboy cultures from four fluorescent tubes per shelf (58W Cool White 

lamps (Osram), replaced annually).  The lamps terminated in waterproof end caps and ballast units were 

assembled in trunking on the top rail of the carboy bench (Figure 244). Carboys were placed approximately 

a finger-width distance from the lamps.   
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.  

Figure 244.  Lighting arrangement across carboy bench. 

Nutrient dosage was doubled relative to the supplier’s recommendations and was added at 20 ml of 

nutrient stock solution per carboy. 

Carboys were incubated for five days post-inoculation, so carboys were present and cultivated side by side 

for inoculation on day 0 (Section 14.5.5 ), day 1, day 2, day 3, day 4 and harvest on day 5 (Section 14.8.1 ).  

Even though the mussel larvae did not always require the total amount of algae produced by ten carboys, 

C. calcitrans production was kept at this maximum scale for as much of the production as possible as this 

helped to stabilize production and avoid fluctuations in the factors that could affect algae density. 

 C. calcitrans culture crashes in carboys 
For several reasons, cultures of C. calcitrans crashed, usually showing a precipitate (Figure 245) or clumps 

at the bottom of the flask or carboy.  However, sometimes cultures could also appear ‘bleached’ (Figure 

246).  If the carboys showed signs of crashing, they were discarded and not used as feed. 
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Figure 245.  A carboy with ‘crashed’ algae culture (algae clumped and flocculated to the bottom of the flask). 

 

 

Figure 246. Crashed carboys – pale colour indicating an issue with the algae culture. 
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The preferred cell density for a harvested carboy was around 25 million cells/ml (20 – 40 million cells/ml).   

Possible reasons why this was not achieved were: 

• Inoculum from 6 litre flasks were at much lower density than the required 60 – 80 million cells/ml 

• Contamination with bacteria – commonly found in carboys and often > 1 million CFUs/ml.  These 

could usually be attributed to contamination errors during carboy inoculation. 

• Room temperature fluctuations (aimed for a steady 22 – 23 °C) 

 

14.7.3 D. lutheri and T-iso – cultivation in flasks 
Flask cultures of flagellate algal species were grown under the same conditions as those described for C. 

calcitrans flasks (Section 14.7.2 ).  The SeaCAPS method of cultivating starter cultures in PE bottles was 

abandoned during the project in favour of the cultivation in glass flasks. 

Similarly, sub-culturing into culture flasks of increasing volume was again employed to upscale the cultures 

and achieve the optimal cell density required for inoculating algal bags.   

The flagellate cultivation cycles had some differences compared to those described for the cultivating 

diatoms above.  Initially, aerated 6-litre flagellate flasks were inoculated by non-aerated 500ml parent 

flasks.  However, better cell densities were obtained more quickly when aerated 2-litre flasks were 

introduced as the inoculating flask, so replacing the 500ml flasks.  The protocol that achieved best results 

for flagellates was inoculating 2-litre flasks directly from sub-master cultures and inoculating the 6-litre 

flasks from aerated 2-litre flasks (reducing lag phase).  Several different lengths of growth-cycles were also 

trialled, and a 7-day cycle showed good results. 

Initially, CO2 supply was introduced later in the growth cycle to avoid lowering the pH too much (since % 

CO2 volume required for flagellates could be different to that required for C. calcitrans. flasks cultivated 

within the same CO2
 delivery system).  However, it was found that if inoculation densities were not too low, 

CO2 could be added from day 0 of the growth-cycle (as determined by the cultures’ pH and impact of the 

CO2-enrichment on cell densities).  This made operations simpler and enrichment levels of CO2 varied 

between 0.2 and 0.35%.  Optimal pH was 7.8 – 8.2.  

 

14.7.4 Typical numbers of flask at full (steady, not ramping up) production in project 
 

Species Flask Size Typical number of 

flasks 

Typical Cell densities at 

inoculation and harvest 

(cells/ml) 

T-iso 100 ml   

 250 ml   

 500 ml 2 2 million 
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7 million 

 2000 ml 1  

 6000 ml 1  

    

D. lutheri 100 ml   

 250 ml   

 500 ml 2 2 million 

5 million 

 2000 ml 1  

 6000 ml 1  

    

C. calcitrans 100 ml   

 250 ml   

 500 ml 2  

 2000 ml 5  

 6000 ml 5  

 15 l carboys 60  

    

    

 

14.7.5 Production of flagellates D. lutheri and T-iso in bags - SeaCAPS system 
A SeaCAPS continuous algal culture method was used to grow and harvest the flagellate algae species 

Diacronema lutheri and Isochrysis galbana Tahitian strain (T-iso).  Typical harvest densities of 2 – 5 million 

cells/ml were expected. 

The system was purchased from Seasalter Shellfish and two representatives came onsite for the initial 

setup (April 2016), considerable re-design was required and implemented at the Marine Hatchery during 

the project (Section 14.7.5.6 ). 

Algae were grown in the air-conditioned bag room, and it was aimed to maintain the flagellate culture at 

22°C (however, harvesting at 25°C was common).  Ten 250 litre and two 500 litre bags were used initially 

although the 500 litre bags were discontinued in 2018.  For a long time, the volume of the 250 litre bags 

was assumed to be 300 litres (as per the manufacturers indication).   
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The SeaCAPS unit comprised of a small 4-gallon seawater reservoir (this was increased in 2018 to a larger, 

25-gallon tank), which was supplied with seawater (1 µm filtered, UV disinfected) via a ball-float valve.   

Dosage of the nutrient solution (Section 14.4.1.2 ) was at 1 ml nutrients per litre of seawater.  The nutrient 

solution was dosed into the seawater using a peristaltic pump on a timer (Section 14.4 ).  Each activated 

time slot on the timer powered the dosing pump for 15 min.  At its steady rate, 185 ml of nutrient solution 

was dosed into the seawater reservoir and daily required volume calculated (Table 21).  When more than 

one time slot was required, times were chosen to spread nutrient dosing across the 24-hour period as 

evenly as possible. 

Table 21.  Timer settings to dose nutrients into seawater for SeaCAPS system at various seawater flow rates. 

Seawater Flow 
Meter set at pump 
(l/min) 

Number of switches 
required on timer 

Volume (ml) of nutrients 
solution used per day 

0.5 4 680 

0.55 5 850 

0.6 5 850 

0.65 6 1020 

0.7 6 1020 

0.75 6 1020 

0.8 7 1190 

0.85 7 1190 

0.9 8 1360 

0.95 8 1360 

1 8 1360 

1.05 9 1530 

1.1 9 1530 

1.15 10 1700 

1.2 10 1700 

1.25 11 1870 

1.3 11 1870 

1.35 11 1870 

1.4 12 2040 

1.45 12 2040 

1.5 13 2210 

1.55 13 2210 

1.6 14 2380 

 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A 
Hatchery Manual 

 

Section 14 - Microalgae cultivation as an algal feed for hatchery production of Mytilus edulis spat   
Page 293 

 

A magnetic process pump delivered seawater (+ nutrients) to the Pasteuriser tank (Section 14.2.11 ) and 

onwards to the cultivation bags.  A pinch-clamp on the delivery side of the pump allowed for control of 

flow, which could be monitored through a flow meter and associated pressure gauge.  Operating 

parameters were typically < 1 l/min flow and < 0.5 Bar.   

The aim was to have ~20% volume change per day per bag.  It appeared that T-iso may have a more rapid 

cell division rate and may be able to cope with a slightly higher exchange rate, but D. lutheri possibly would 

not. 

Pipework was a mixture of silicone hose and glass tubing, thus allowed for pipelines to be steam treated 

each week for disinfection (Section 14.2.12 ).  A constant supply of pasteurised sea water dosed with the 

nutrient mix was added at around 45 ml/min per bag (rates between 42 – 47 ml/min/bag).  A glass capillary 

insert provided an orifice restriction to each bag to help equilibrate flow rates to each bag.  If flow rates 

were not satisfactory, small adjustments were made at the system seawater flow (as determined at meter 

and pressure) and checks made again on algal harvest rates.  Rates of harvest were monitored manually by 

collecting the algae into a measuring cylinder after any flow adjustments had settled (e.g., after 10 

minutes).  Monitor of flow by this method was only possible on bags that were full and overflowing 

(harvesting).   

Daily records were kept (Appendix 7). 

 Modifications to SeaCAPS system 
The performance of the SeaCAPS unit was never fully satisfactory with bag cultures often lasting no more 

than around 4 weeks, when the supplier had indicated that 4 months would be more typical.  Crashes, seen 

as algae clumping and sticking to the bag surface (Figure 247), foaming at the water surface (Figure 248), 

colour-changes etc., indicated the poor performance of a culture and required the bag to be drained and 

re-started.  

 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A 
Hatchery Manual 

 

Section 14 - Microalgae cultivation as an algal feed for hatchery production of Mytilus edulis spat   
Page 294 

 

 

Figure 247. Crashing flagellate bag. 

 

 

Figure 248.  Example of crashing cultures – deposits and foam at surface of culture. 

Many modifications were made to the SeaCAPS system after its initial installation and many improvements 

were made.  These included: 
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• Addition of a retaining cage after a catastrophic failure in some of the bag cages and bases (Figure 

249 and Figure 250), which had resulted in several bags toppling.  The retaining cage and bag 

cages were also earthed to reduce build-up of static electricity. 

 

Figure 249.  Failure of bag base and cages caused system to crash. 
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Figure 250.  Examples of cracked algae bag bases. 

• Several cracked and split bag bases were repaired by Shetland Composites Ltd. 

• The initial shipment of bags did not have a heat-seal at both ends.  A new shipment of bags was 

secured. 

• Bags initially vented to atmosphere through an opening in the top of the bag, however additional 

outlet vents were added (Figure 224 in Section 14.5.6 ) to reduce potential inward contamination. 

• The bags originally harvested into an open channel made from ripped 2” pipe (Marley, Figure 251).  

This was very difficult to clean and was replaced initially with white guttering (Figure 252).  Later 

this was modified further so the harvested algae were piped away from the bag through a silicone 

hose, to reduce exposure to the air and potential contamination.   
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Figure 251.  Original SeaCAPS setup with harvest channel (2” pipework, with notch cut out to produce a channel). 
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Figure 252.  Open harvest channel substituted with white guttering. 

• The addition of a second harvest line was added to allow rapid harvesting of the bags. 

• In addition to the central airline filter, 0.2 µm inline air filters were added to each airline (two 

airlines and airfilters per bag). 

• Towards the end of 2018, the poor performance of D. lutheri was attributed to a mismatch 

between the dilution from incoming seawater and the generation cycle of the algae.  

Improvements were made when seawater flowrates were reduced to around 45 ml /min/bag ( 5 

ml/min/bag).  

• New waterproof lamp holders were made to replace the provided setup as the connections were 

unsafe (Figure 253). 
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Figure 253.  Original lamp holders as supplied. 

• The SeaCAPS nutrient mix was replaced with Varicon Cell-Hi 

• Build-up of gas in the pasteuriser and heat exchanger had a potential effect on heat exchanger 

efficiency (refer to Section 14.2.11 ) and this was seen as pasteurised water reaching the bags at 

35-40 °C (Figure 254).   

o Removal of gas was helped by addition of an automatic air vent and a heat exchanger 

venting procedure.  A temporary increase in flow for about 1 min to a flow of about 4 l/min 

on the flow meter pushed out much of the gas in the heat exchanger and this was done 

three times per day.  These modifications helped to improve temperature stability but the 

improvements to temperature were temporary (Figure 254).  Future hatchery operations 

would need to identify further solutions to the gas build-up issue in the pasteuriser and 

plate heat exchanger. 
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Figure 254.  Temporary impact on reducing seawater temperature delivered to algae bags in SeaCAPS system (temperature channel 
2 and 4) when manually ‘venting’ gas from pasteuriser and plate heat exchanger (red and purple series) through an improved heat 

recovery capacity that resulted in the plate exchanger after the venting. 

 

• The room temperature often meant culture temperature was greater than the desired 22 °C (i.e., 

below 23 °C).   

o Addition of insulation to the room, blocking of the windows and skylights with insulation, 

designing a protocol for the opening of windows and changing the parameters of the air 

conditioning unit helped to reduce temperature issues.  The addition of a second air 

conditioning unit is advised and already planned for any subsequent work in the mass 

culture room. 

• Continuous monitoring of pH and temperature were added (Section 14.6 and Figure 255) 
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Figure 255.  Harvesting point, showing small plastic pot that allowed for the tip of pH and temperature probes to be immersed.  
Harvesting point shown without silicone hose connection to SeaCAPS harvest line and with only one of the two pH and temperature 

probes in place.  (Refer also to Figure 259). 

 Adding carbon dioxide to algae grown in SeaCAPS system 
Due to pH problems and lower-than-expected cell densities, CO2 was added to the bag cultures.   

Initially, CO2 was added at the suction side of the magnetic pump via a non-return valve so, with the aid of 

the cavitation action of the pump, CO2 was dissolved into the seawater (Figure 256).   
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Figure 256.  Addition of carbon dioxide to suction side of magnetic pump. 

It was necessary to cap the CO2 flowrate at 75 on the flowmeter (arbitrary scale) otherwise the gas could be 

seen out-of-solution on the discharge side of the pump.  Increasing carbon dioxide levels greater than 75 on 

the flow meter also did not reduce pH any lower (pH of seawater would not go below 7.2 so CO2 was likely 

to be saturated).  If, for any reason, the seawater pump was not running (e.g., during steaming, low 

temperature in pasteuriser, power failure or insufficient seawater in reservoir), it was important that the 

CO2 supply to the suction side of the pump was isolated.  The pump would struggle to prime if ‘air’-locked 

with CO2.   

Future improvements could be to input a solenoid valve that would automatically isolate 

the CO2 supply during pump outage. 

Since subsequent CO2 levels were still deemed insufficient, CO2 was also added to the air supply by tapping 

into the supply via a non-return valve and adjusting the CO2 flow rate.  Algal culture pH should be less than 

8.5 and CO2 addition was adjusted accordingly by making small alterations to CO2 flow rates and monitoring 

the effect of this on culture pH.  Typically, without addition of CO2, the pH was often greater than 8.5.  pH 

should ideally be in the band of 7.8 – 8.2. 

At this level CO2 could be added via the air only.  Subsequent information collected from another bivalve 

hatchery indicated that their experience of adding CO2 directly to the seawater was less effective than 

enhancing CO2 in the air. 

During the second season (2018), the modifications to dissolved CO2 levels, reduced seawater flowrates and 

lower operating (room) temperature all had had a positive effect on culture stability and density. 
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14.8 Algae harvest and delivery to mussel larvae production area 

14.8.1 Harvesting and delivery of C. calcitrans – via collection tank 
Harvesting of the C. calcitrans grown in carboys began by turning off the air supply to the carboys and 

disconnecting the carboys from the air supply at the air-filters.  The bungs and attached lines were removed 

and placed in a box for cleaning (Section 14.9.3 ).  It was important to check that the ball valve at the 

bottom of C. calcitrans collection tank was closed (Figure 257).  Each day-5 carboy was taken from its bench 

area and tipped into the collection tank (total of ten CBs per day), using the tank lid as support, and turning 

the CB upside down (Figure 258). 

 

Figure 257.  C. calcitrans collection tank, outlet at bottom with ball valve. 
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Figure 258.  C. cal. collection tank lid showing support for emptying CBs. 

If the algae were to remain in the collection tank for some time before use, a sterile weighted airline 

(autoclaved the night before) was added and connected to the air supply via an autoclaved inline air filter 

(0.2 µm). 

A sample of the combined harvested cultures was removed using an autoclaved syringe with weighted 

silicon hose (also autoclaved) to allow measurement of cell density, pH, and temperature within the mixed 

harvest of C. calcitrans.  Once calculated, the cell density was entered and saved in the Daily Record Sheet 

file on SharePoint, along with the cell counts of the two flagellate species counted earlier that morning 

(Appendix 12). 

Mussel rearing staff would phone to let the algal cultivation staff know as soon as the collection tanks 

downstairs (E- tanks) were cleaned and ready to receive the harvested C. calcitrans.  A hose could then be 

connected, and the tank valve opened to allow the harvested C. calcitrans to be delivered downstairs by 

gravity.  Once there, it would be mixed with the harvested flagellates in the correct proportion by the 

mussel larvae staff, taking account of the cell-counts for each species performed by algal staff that morning 

and entered on the daily production file on SharePoint. 
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14.8.2 Harvesting and delivery of flagellates from SeaCAPS bags 
The main purpose of a continuous algae system was to reduce labour requirements whilst maintaining a 

stable and consistent supply of algae.  As detailed (Section 14.7.5 ), the harvesting technique of the 

SeaCAPS system was modified so the overflowing cultures no longer emptied into an open channel but, 

instead, piped away (silicone tubing) to a central collection point that allowed for monitoring of the 

combined pH and temperature of the five bags of the two algal species being cultivated (Figure 259). 

 

Figure 259.  SeaCAPS harvesting.  Each of two rows of bags setup connected to their own silicone hose outlet, combined here, and 
dropped by gravity to downstairs tank room.  Continuous monitoring of temperature and pH at this point (probes shown). 

Towards the end of 2018, replicated trials were carried out to investigate whether a novel ‘rapid-drop’ 

harvesting protocol protected the nutritional value of flagellate cultures better than harvesting them slowly 

overnight (with around 800 litres flagellate algae being collected and stored over a 20 h period). 

Slow, overnight algal harvesting from continuous culture bags was a simpler, less labour-intensive method 

of collection than rapid drop harvesting since staff were not required to oversee the process and the 

flagellates would be waiting in the downstairs collection reservoir early the following morning, ready to be 

mixed with diatoms and fed to the mussel larvae.  Since there were no significant differences in fatty acid 

group concentrations or in levels of 22:6n-3 and 20:5n-3 fatty acids between triplicated start and finish 

samples of either overnight harvested or rapid-drop harvested flagellates, the results of the trial supported 

the continued use of overnight harvesting in potential future mussel hatcheries, particularly from a time 

and motion viewpoint (refer to Section 14.10 ).  However, it would be advisable to run further comparisons 

of the bacterial loading of algae collected by each of these methods.  

14.9 Cleaning culture vessels 

14.9.1 Washing silicone hoses 
Lengths of silicone hose were used for sampling, aeration, transfer, etc.  Each length needed to be 

thoroughly rinsed with fresh tapwater before reuse/autoclaving etc. and for this to be done before any 

culture dried onto surfaces. 
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14.9.2 Washing glass materials 
All glass flasks, tubes, tubing, Pasteur pipettes, tips, etc. needed to be rinsed thoroughly with freshwater 

while still wet.  Any marks (labels written on with permanent marker) were removed with a magic eraser 

(Figure 260).  Flasks were cleaned further in the glasswasher (Miele, Figure 261), setting the glass washer to 

‘short cycle’.  There were some concerns that the detergent and rinse-aid used in the glasswasher may be 

problematic if there was a potential for residues to be transferred into the cultures, so these chemicals 

were no longer used, and flasks cleaned with hot freshwater jets only.  Once the wash cycle finished, the 

washed flasks and rinsed glassware could be moved into the heated drying cabinet (Figure 262) and dried 

before reuse. 

 

 

Figure 260.  Magic Eraser. 
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Figure 261.  Glass washer (Miele). 

 

 

Figure 262.  Drying cabinet and large sink (plastic construction helped protect glassware during washing). 
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14.9.3 Washing bungs from flasks and carboys 
Once the air filter and synthetic wool bung from the syringe vent were removed, they were left to air dry.  

These were reused repeatedly but they were not reused on the same day as this gave time for them to dry 

out before reuse.  Air filters and wool plugs were left in an open container in the lab to dry. 

The carboy bung ‘trees’ were rinsed under cold running tap water and the silicone hose ends to the glass 

rods checked for damage or build-up of residues.  The latter could be removed by compressing the end of 

the silicone hose between fingers and thumb and rubbing together.  Once rinsed, the bungs were put into 

the drying cabinet. 

14.9.4 Washing carboys and C. calcitrans collection tank 
Dried on algae was considerably more difficult to remove so, while the carboys were still wet, they were 

rinsed several times (at least three times) by filling them partially with freshwater, shaking them vigorously 

and emptying the water into the sink.  Once all had been rinsed in this way, they were transferred to the 

autoclave cassettes for preparation.  Any written labels could be removed with a magic eraser. 

The collection tank was rinsed with freshwater (using the freshwater hose) with the central outlet draining 

to the floor drain.  A TopazCL1 solution was prepared with cold freshwater and the tank outlet valve closed.  

A ‘doodlebug’ on a long handle was used to brush the TopazCL1 solution over all the internal surfaces of 

the tank, including the lid and then left for a minimum of 20 min before rinsing thoroughly and allowing to 

air dry.  Care was taken to ensure there was no TopazCL1 in the outlet valve by opening and closing several 

times while running water through it. 

14.9.5 Washing SeaCAPS harvesting chambers 
On each occasion of steam disinfection of the SeaCAPS system, the harvesting chambers (Figure 259) were 

disconnected and taken to the sink for cleaning and disinfecting with TopazCL1.   

A clean cloth was used to clean the pH probes and temperature sensors. 

 

14.10 Temporal changes in algae (nutritional) quality and comparison of algal harvesting 

techniques (SAICHatch) 
 
Although algae culture methods in the pilot hatchery were continuously scrutinised and improved to obtain 
higher cell densities and lower microbial contamination levels, there had been no previous opportunity to 
measure and assess the nutritional quality of the algae produced and used as feed for the mussel cultures.  
Potential biochemical changes during algal collection, storage and delivery to the larvae had not been 
monitored either.  This trial therefore had two aims: 

• To determine temporal changes in algal nutritional quality when harvested using the standard 
harvesting protocol. 

• To monitor the effects of different harvesting and delivery protocols on the biochemical profile of 
algal feed. 

 
78 algal culture samples (circa 2 litres each) from various points in the microalgal production and delivery 

system were collected (see details in Table 22) and then concentrated by combining the residues of algal 

cells formed from multiple 4500rpm, 2-minute centrifugations of 50 ml batches of each algae sample. 

Concentration was achieved by repeatedly pouring off the post-spin supernatant liquid, adding a further 
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50ml of the algae sample to the same tube and centrifuging it again.  This process was repeated a total of 

12 times for each algal sample.  Each concentrated algal sample was frozen to -20oC immediately after 

centrifugation was completed and prior to their frozen delivery to the Nutrition Analytical Service 

laboratories at the University of Stirling.  Here, they were freeze-dried prior to their dry-weights, C:N ratios, 

total lipid content and composition of fatty acids being measured. 

The weekly measurements of C:N ratios in the 300L algal bag cultures were relatively stable over the month 
of November 2018, as indicated in Figure 263.  Furthermore, the C:N ratios remained close to the Redfield 
ratio of 6.6 for C:N ratios found in stable oceanic seawater and their natural phytoplankton (Redfield, 
1934).  Since the elemental composition of phytoplankton is usually very similar to that of their 
environment and vice versa (van de Waal et al., 2010; Roleda et al., 2013), the close adherence of their C:N 
measurements to the Redfield ratio probably indicates a good balance of carbon and nitrogen within the 
hatchery continuous bag-cultures of flagellates. 
 

Table 22. Triplicated Algal Samples for C:N ratio and Lipid/Fatty Acid Analyses taken at Key Points in the hatchery’s Algal Feed 

Supply Chain. 

1. STANDARD OVERNIGHT HARVESTING OF BAG-CULTURED FLAGELLATES (n=3): 
FT0           Mixed flagellates at start of harvest 

FTfinal       Mixed flagellates at end of overnight harvest 

CT0                Newly harvested diatoms from carboys 

MT0              FTfinal and CT0 feed mix at the start of its morning dosing to mussel larvae 

MTfinal        FTfinal and CT0 feed mix at the end of its 22h dosing to mussel larvae 

 

2. RAPID HARVESTING OF BAG-CULTURED FLAGELLATES (n=3): 
FT0           Mixed flagellates at start of harvest 

FTfinal       Mixed flagellates at end of rapid harvest 

CT0                Newly harvested diatoms from carboys 

MT0              FTfinal and CT0 feed mix at the start of its morning dosing to mussel larvae 

MTfinal        FTfinal and CT0 feed mix at the end of its 22h dosing to mussel larvae 

 

3. 6 Litre FLASKS (n=3) 
2 species of flagellates + 1 species of diatoms 

 

4. 18 Litre CARBOYS: ONE SPECIES OF DIATOMS (n=3). 
Diatoms sampled daily over their 5-day batch culture cycle in carboys 

 

5. CONSTANT BAG CULTURE OF TWO SPECIES OF FLAGELLATES (n=3): 
Same triplicate bags of each species of flagellate sampled weekly for 4 weeks 
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Figure 263. Mean C:N ratios in T. isochrysis and D. lutheri continuous-culture algae bags sampled weekly for one month. Error bars 

indicate the standard deviation of the mean (n=3). 

It was difficult to make direct comparisons of the C:N ratios and fatty acid compositions in mixed algal feed 
containing overnight-harvested flagellates with algal feed containing rapidly harvested flagellates since it 
was necessary to conduct each type of harvest a week apart to allow the partially emptied culture bags to 
replenish their crop (see the harvest dates referred to on the x-axes of Figure 264a and b).  Therefore, 
comparing biochemical profiles of flagellates at the start (FT0) and end (FTfinal) of their harvest within each 
type of harvest is more meaningful and better controlled.  As one might expect, there appeared less 
variability in C:N ratios of rapidly harvested flagellates as opposed to flagellates harvested slowly overnight 
using the standard protocols.  Measured C:N ratios were higher in the FT0 and FTfinal samples taken from the 
overnight sampled bags (Figure 264a) compared to those taken from the rapid harvest (Figure 264b), but 
this may have been caused by altered envrionmental conditions between 30th October 2018 and 5th 
November 2018, rather than the harvest method alone. 
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Figure 264. Mean C:N ratios in algae sampled at key points in the mussel-feed supply chain employing either: (a) standard overnight 

harvesting of flagellates or (b) ‘rapid-drop’ harvesting of flagellates. 

Key: FT0 = Newly harvested flagellates; FTfinal = Flagellates at end of harvest; CT0 = initial diatom harvest; MT0 = flagellate/diatom 
mix at start of larval feeding; MTfinal = flagellate/diatom mix at end of larval feeding. Error bars indicate the standard deviation of 

the mean (n=3). 

 
 

 
Figure 265. Mean Total Lipid concentration (g.100-1gDW) in FT0 and FTfinal samples of mixed flagellates taken by standard overnight 

harvest. Error bars indicate the standard deviation of the mean (n=3). 

Key: FT0 = Newly harvested flagellates; FTfinal = flagellates at end of overnight harvest. 

There was no significant difference between the mean total lipid content of the triplicated FT0 and FTfinal 
mixed, overnight-harvested flagellate samples (16.7g.100-1g D.W 2 (SD±3.57) and 18.51 (SD±3.50) g.100-1g 
D.W, respectively, Figure 265).  Neither was there any significant difference in the mean percentage or 

a

0 

b

. 
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absolute concentrations of total n-3 polyunsaturated fatty acids (Figure 266a - d), nor in 20:5n-3 or 22:6n-3 
concentrations (Figure 266a - d) in these mixed flagellates at the beginning and end of their slow overnight 
harvest by gravity-feed from the first floor algal culture bags to the ground floor algal feed collection tank in 
the mussel culture room (ambient temperature, markedly less illumination, with no additional nutrients 
added to the culture following the algae’s removal from the upstairs 300L culture bags).  With the 
exception of absolute levels of Total n-3 PUFA and Total PUFA groups (Figure 266d), there was less 
variability in measured concentrations of fatty acid groups of rapidly harvested flagellates (Figure 266c + d) 
as opposed to flagellates harvested slowly overnight using the standard protocols (Figure 266a + b). 
 
By contrast, measured percentage and absolute levels of 22:6n-3 in FTfinal samples collected from triplicated 
standard overnight harvests of mixed flagellate bag cultures (Figure 267a + b) were higher and less variable 
than those measured from triplicated rapid-drop harvests (Figure 267c + d).  Since the two types of harvests 
needed to be separated by a week to allow the bag cultures to replenish themselves, this probably 
indicates that temporal variability in fatty acid composition in the algal feed was more strongly influenced 
by the quality and strength of each sampled bag culture on any given day than by harvest methodology. 
 
Slow, overnight algal harvesting from continuous culture bags was a simpler, less labour-intensive method 
of collection than rapid drop harvesting since staff were not required to oversee the process and the 
flagellates would be waiting in the downstairs collection reservoir early the following morning, ready to be 
mixed with diatoms and fed to the mussel larvae.  Since there were no significant differences in fatty acid 
group concentrations or in levels of 22:6n-3 and 20:5n-3 fatty acids between FT0 and FTfinal samples of 
either overnight harvested or rapid-drop harvested flagellates, the above results appear to support the 
continued use of overnight harvesting in potential future mussel hatchery from a time and motion 
viewpoint.  However, it would be advisable to run further comparisons of the bacterial loading of algae 
collected by each of these methods. 

 
 



313 
 

 
Figure 266. Mean percentage and absolute concentrations of fatty acid groups in FT0 and FTfinal samples of mixed flagellates collected by either standard overnight harvest (a and b) or rapid-drop 

harvest (c and d). Error bars indicate the standard deviation of the mean (n=3).  Key: FT0 = Newly harvested flagellates; FTfinal = Flagellates at end of harvest. 

a. c. 

b. d. 
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Figure 267. Mean percentage and absolute concentrations of eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 22:6n-3) in FT0 and FTfinal samples of mixed flagellates taken by 
either standard overnight harvest (a and b) or rapid-drop harvest (c and d). Error bars indicate the standard deviation of the mean (n=3). 

Key: FT0 = Newly harvested flagellates; FTfinal = Flagellates at end of harvest.   

a. 

b. 

c. 

d. 
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Figure 268. Mean absolute concentrations of fatty acid groups (categorised by their degree of unsaturation) in three 16 litre 

batch cultures of diatoms sampled over their 5-day culture cycle. Error bars indicate the standard deviation of the mean 
(n=3). 

 

 

Figure 269. Mean concentrations of eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 22:6n-3) in three 
16 litre batch cultures of diatoms sampled over their 5-day culture cycle. Error bars indicate the standard deviation of the 

mean (n=3). 
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Figure 268 and Figure 269 illustrate, respectively, the mean absolute concentrations of fatty acid 
groups and of 22:6n-3 and 20:5n-3 within 16 litre batch cultures of diatoms sampled daily over their 
5-day culture cycle.  Absolute levels of 22:6n-3 and 20:5n-3 and each of the totalled groups of SATS, 
MONOS, n-3 PUFAs and PUFAs more than doubled from the beginning to the end of their 5-day 
culture cycle, while TOTAL n-6 PUFA increased by 4.5 times over the same period.  By contrast, 
percentage concentrations of diatom fatty acids remained more constant over the culture cycle. 
 

The general pattern of fatty acids found in the diatoms cultured in the project followed the expected 
pattern reported in the literature - namely: high concentrations of 16:1n-7 and 16:0, with variable 
but usually high levels of 14:0 and 20:5n-3 and low levels of 22:6n-3 (Volkman et al., 1989). 
Percentage levels of 20:5n-3 in the diatoms seemed particularly high: circa 20% throughout the 5-
day cycle, as opposed to 11.1% and 4.48% reported by Volkman et al. (1989) and Seraspe et al. 
(2014), respectively, for this species of diatom.  Since stress conditions in microalgal cultures have 
been reported to lead to reduced fatty acid unsaturation (Roleda et al. 2012), high levels of 20:5n-3 
throughout the 5-day cycle implies that the cultures were not suffering from environmental stress. 
However, increasing absolute concentrations of fatty acid groups probably indicate gradually 
lowering levels of nutrient in the sealed, batch cultures of diatoms (Roleda et al., 2012).  If this is the 
case, the increase in algal PUFAs and lowering of nutrient levels in the cultures should both be 
beneficial to mussel larvae feeding upon them.  Firstly, bivalves have a limited ability to synthesise 
PUFAs and require certain essential fatty acids to be provided in their diet (e.g., Waldock et al., 1979; 
Dernekbaşi et al. 2015).  Secondly, high residual nutrients would be undesirable within harvested 
algae destined as food for mussel larvae because they would encourage bacterial growth in the 
larval tanks and, at high levels, could be toxic to the mussel larvae. 
 
Fatty acid group concentrations between the two flagellate species were very similar but, as 
expected from other studies such as Volkman et al. (1989) and Roleda et al. (2012), they differed 
markedly from the diatom cultures in having significantly higher levels of Total n-3PUFAs (Figure 
270) and of docosahexaenoic acid (DHA, 22:6n-3) in particular (Figure 271).  This equated to a mean 
value of 12.29% DHA in T. iso samples (closely resembling 12.9% DHA reported by Roleda et al. 
(2012) for this species).  In this manner, the flagellates and diatom species complement each other 
well when mixed as feed for larval mussels. 
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Figure 270. Mean absolute concentrations of fatty acid groups (categorised by their degree of unsaturation) in triplicate 6 

litre batch cultures of two species of flagellates and one species of diatom sampled on the 5th (final) day of their culture 
cycle. Error bars indicate the standard deviation of the mean (n=3). 

 
Figure 271. Mean concentrations of eicosapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 22:6n-3) in 

triplicate 6 litre batch cultures of diatoms two species of flagellates and one species of diatom sampled on the 5th (final) day 
of their culture cycle. Error bars indicate the standard deviation of the mean (n=3). 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and 
A Hatchery Manual 

 

Section 14 - Microalgae cultivation as an algal feed for hatchery production of Mytilus edulis spat 
  Page 318 

 

 
Statistical analyses and interpretation of the microalgae C:N ratio and fatty acid composition are 
continuing but we have not observed anything unusual or of concern in the biochemical profiles of 
the algal samples we have analysed thus far.  However, IoA’s recent findings that Idiomarina sp. and 
members of the Rhodobacteraceae survive the pasteurization process and remain viable during 
steam cleaning of the glass input and output tubes to and from the algal bags, allowing them to 
propagate within algal cultures, is potentially very concerning and merits further investigation 
(Figure 272). 

 
 

 
Figure 272.  IoA’s results of (a) viable bacterial CFUs sampled from input tubes to 300L flagellate culture bags pre- and post-
steam cleaning and of (b) ) viable bacterial CFUs sampled from output tubes from SSP pilot hatchery flagellate culture bags 
and directly from 16L carboy cultures of diatoms. (n=3 in (a) and (b). Error bars represent the standard error of the mean). 

 

14.11 Recommendations for future improvements to algal production 

14.11.1 Master Culture Room 
Productivity of Master Cultures appeared to be satisfactory, but more could be done to find the 

optimal light intensity, photoperiod regime, temperature, swirl frequency and method, time/place 

between taken from incubator and used to flasks inoculation.  More work is required to identify the 

growth curves of the Masters and Sub-masters, ideally by undertaking replicated daily samples.  This 

could be done out with the production season because the stable incubator conditions and it would 

help confirm that two and four weeks is the best cycle for the Master sub culturing and associated 

inoculation volumes. 

Further investigation into the impact of carbon filtering of the seawater should also be done to 

assess its impact on the algae and on cell densities. 

The flask productivity for C. calcitrans was not as high as expected (less than 50%).  More work is 

required to find optimal light quality, distance from light, air flowrate, and CO2 supply for the culture 

as the densities increase and for the several culture volumes (flask) used.  Improvements to the 2l 

stage could be achieved by adding a silicon bung (with a similar setup to the 6 l flasks). 

It would also be beneficial to compare cell density of the CCAP C. cal. with a different source of C. 

calcitrans.  One option could be from CISRO, Tasmania. 
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With C. calcitrans underperforming it would also be worthwhile to investigate Chaetoceros muelleri 

as a suitable diatom algal feed.   

It may also be beneficial to move the portable air blower out with the room in case there was any 

disadvantageous recycling of the air. 

14.11.2 C. calcitrans batch cultivation 
Further refinement of light, temperature, CO2 supply and air flowrate regimes for carboy cultures 

would be helpful, but cell density issues are possibly linked to relatively low cell densities on 

inoculation.  Occasional bacterial contamination may possibly have occurred during inoculation and 

technique needs further assessment and refinement to reduce or eliminate culture contamination.  

Daily counts to find exact CO2 requirements for a range of densities at flask and CB level should be 

investigated. 

Testing and/or development of continuous (or semi-continuous) cultivation for C. cal. would be 

advantageous for a commercial hatchery.  The batch cultivation method was very labour intensive.  

Continuous culture would greatly reduce daily duties and labour requirements for algal cultivation 

and has been achieved elsewhere for C. cal.  C. muelleri has been grown in bag SeaCAPS systems as 

well, so may be an alternative or supplement or species for use when the mussel larvae were of a 

size they could be demonstrated to accept this species as food. 

14.11.3 Mass production of flagellates 
Even though there is much to do to achieve consistency of flask cultures (understand the factors 

affecting flasks density in each step to better control them), this is perhaps not a priority as the cell 

densities reached were satisfactory for starting bags being used in the pilot-scale hatchery.  

However, for a hatchery with more bags, flasks with higher density would mean a smaller volume 

required to inoculate bags, if 500ml was a suitable inoculum, one flask could inoculate up to 10 bags. 

In terms of the bag’s cultivation, however, there is urgent work required to decrease contamination 

and continue to extend the lifetime of a bag (before cultures crash).  It is possible that bacterial 

contamination is affecting the lifespan of the cultures and the contamination originates in the 

SeaCAPS system itself (inoculations are tested to confirm they are free from contamination).  The 

continuous system is not expected to be sterile, but bacteria levels were at times higher than 

acceptable (> 1 million CFUs/ml). 

Sources of the infection could be related to the efficiency of the pasteurizer or pressure drops 

caused by pump outages (power/seawater supply/pasteuriser below temp threshold) that may let 

culture to be sucked up into the feedlines allowing for spread of bacteria.  Sampling of the harvest 

lines may also be a contamination source.  Mechanical sterilisation of seawater prior to 

pasteurisation (0.2 µm) may reduce bacterial issues.   

Temperature control within the bags should also be improved.  This is also linked to finding ways to 

reduce gas build up in the plate heat exchanger and/or automatic venting of air in the pasteurising 

tank.  The stability of temperature in the room would also benefit from additional air conditioning.  

This would have a knock-on impact of better controlling of temperature requirements for CBs.  LED 

light technology should also be explored for the flasks bags and batch culture systems to help reduce 

running costs and surplus heat.  A record of venting was kept (Appendix 10). 
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The flowrate of seawater into the pasteuriser system also would benefit from a more accurate, 

easily controllable valve and finer-scaled flow meter. 

Steaming effectiveness could also be investigated further and methods to eradicate heat resistant 

bacteria would have been helpful as these species were overcoming the weekly steam disinfection 

process. 

14.11.4 Honing of feeding regime 
Feed Rates: The volume of algae added to larvae cultures is of particular importance to obtain 

successful feeding and larval development.  It is essential that enough algae are added to support 

optimum larvae growth and development, however an excess of algae in suspension in the larvae 

culture becomes detrimental to both larvae survival and development.  Refinement of feeding rates 

for M. edulis larvae would be achieved through time at a commercial facility but using replicated 

mini-ICs to compare feed rates and residuals (using the fluorometer) would increase clarity over 

alternative feeding protocols.   

Feed Constituents: Other microalgal species may be superior for the M. edulis diet.  Although this 

may be true, the authors considered this avenue of refinement to have a lower effect on larvae 

development compared to the amount or quality of algae - the algal species used in the project were 

among the most commonly fed algal to different bivalve species. 

One trial that could be beneficial would be to undertake 3 feeding treatments each with 5 replicates.  

Control (80:10:10 C. Cal, T. Iso: D. lutheri), compared to replacing diatoms with Rhodomonas 

completely C. sp. for older larvae (if easier to culture, i.e., in continuous culture). 

Further optimisation of the algal species ratio:  Although the feeding protocol used 80:20 

diatom:flagellates, there is scope to explore other algal species and ratios of mixes.  With C. cal. 

being costly to produce in batch culture, it would be beneficial to reduce the ratio (or replace the 

species with another diatom) and test the results on relative larval quality (nutritional profile).  It 

may also be possible that another diatom might be suitable for older veliger, pediveliger larvae and 

spat that would accept a larger diatom species.  For instance, 3 treatments each with 5 replicates: 

residual algae as found in C. Cal: Flag 60:40, 70:30; 80:20. 

14.11.5 Assessment of algal quality 
Much was done during the project to improve the density and culturability of algae species, but 

more investigations to obtain higher density and lower contamination levels is desired.  Further 

assessment of nutritional quality would also be desired.  Protein and vitamin content are major 

factors that determine the nutritional value of microalgae.  In addition, polyunsaturated fatty acid 

content is very important (particularly eicosapentaenoic acid [EPA], arachidonic acid [AA] and 

docosahexaenoic acid [DHA]). 

Algae quality (lipid, fatty acids) at different cultures stages (small flasks, 6l flasks, CBs, bags, and 

collection tanks) and algae quality (lipid and fatty acids) at different culture ages (e.g., 6-litre flasks 

day 0 to 6, to inform if transfer/harvest should be on day 4, 5 or 6 for instance) would be of interest. 

Also, of interest, would be methods of collecting and storing algae prior to feeding (e.g., 

temperature, light, pH, mixing/aeration) and ideally the subsequent impacts on larval behaviour, 

survival and development and lipid biochemistry (total lipid, total fatty acids, and fatty acid classes). 
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14.11.6 Improvement to monitoring and classifying microbiology 
Regular sampling from algae supply and IC tanks was done throughout the project, but classification 

of microbial samples was sporadic.  It would be beneficial if there were alternative methods to 

assess microbial levels, risks, and mitigation measures. 
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Section 15 - Financial considerations for a commercial mussel 

hatchery – a ten-year business plan 
 

15.1 Commercial hatchery - production planning 
Various models for a commercial mussel hatchery were explored during discussions with the 

producers of Scottish mussels.  The main concepts were broken into two main categories (a) a larger 

‘national’ scale hatchery with a greater production capacity and (b) regional hatchery(s) with a 

modest production capacity. 

A large ‘central’ hatchery facility would operate with some similarities to SpatNZ, having a nationally 

strategic role in producing seed stocks and potentially a national responsibility for leading a selective 

breeding programme(s) in partnership with specialists.  To fulfil such a production target that would 

satisfy a high percentage of spat requirements for multiple producers (e.g., sufficient spat to 

produce 3-7000 tonnes of harvestable mussels) the central facility would require a relatively large 

footprint and very careful site selection.  It would likely have multiple private investor stakeholders 

and may include some public ownership or need recurring public financial input to assist in ongoing 

R&D activity.  Where possible, the facility would need to reduce labour requirements through 

applying innovation and technology to automate tasks and achieve scale.   

The sector did not believe there was appetite for a large-scale national hatchery facility in the 

foreseeable future.  Whilst a breeding programme was desirable, and efficiencies that would come 

with scale were attractive, the setup costs and associated risks were deemed too high in the present 

climate.  Furthermore, the results of this project had demonstrated there are technological 

improvements yet to overcome in the hatchery production of M. edulis.  Some also considered the 

transporting of hatchery seeded ropes over relatively long distances would need further 

investigation with respect to biosecurity and time out of water.  This was a particular issue if a 

central hatchery were based in Shetland and there was an ambition to provide spat into various 

regions across Scotland. 

A regional hatchery(s) could exist as stand-alone provincial entities that sell primarily to local 

producers of mussels or be developed within a vertically integrated shellfish aquaculture business.  

Although these ‘smaller’ hatcheries would be unlikely to operate with the revenue efficiencies that 

come with larger scale, these would have a smaller footprint so easier to locate and their setup 

would be less costly.  Site location and hatchery design should be considered carefully so not to 

preclude expansion in the future.  It would also be beneficial for the hatchery to develop 

relationships with R&D providers, particularly if there were limited or no capacity to undertake 

replicated trials within the hatchery facility. 

For modelling purposes, it was instead agreed that a commercial mussel hatchery would be based 

on a facility that had a production capacity of spat that related to a minimum yield of 1000 tonnes of 

harvestable mussels and sales into a local market.  A hatchery at this size was felt to be a balance 

that would make a worthwhile impact on the sector (which currently stands at around 7000 tonnes 

p.a.) and would be of a ‘manageable’ financial and technological scale.  As such, it may be appealing 

to existing mussel producers. 
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A number of assumptions have been included in the financial modelling of a commercial mussel 

hatchery: 

• Accounting year is assumed to commence 1 January each year.   

• The construction of a relatively basic building is costed at £1.275m, with a relatively small 

allocation for additional costs such as professional fees, land acquisition, design, etc. (refer 

to Section 15.7 ).  The costs associated with building of a hatchery facility would vary 

considerably depending on the production site(s), construction expertise and in-house 

capacities, availability of existing land or building assets, existing permissions and licences, 

etc. (refer also to Section 8 - Setting up a marine hatchery for cultivation of shellfish). 

• Production assumptions within the model are included at an already improved success rate 

compared to those observed in this project (as it was expected there would be achievable 

improvements to algal quality and broodstock): 

o Survival rates. 

▪ 50% survival from egg incubation to D-larvae – this compares to the average 

of 40% during this project. 

▪ 30% survival through the larval incubation stage to settlement – this 

compares to the maximum batch survival of 25% during this project. 

o Production season. 

▪ March to September.  Although this is longer than the natural spawning 

seasons observed in Shetland during the project, this was thought 

achievable through management and conditioning of broodstocks. 

▪ A production cycle from spawning to transfer of spatted ropes of 7-weeks, 

yields four production batches through the facility per production season. 

 

15.2 Profit and loss account 
To provide an overview of the financial health of the 1000t commercial mussel hatchery business 

model, a forecast of the total income and expenses was projected over a ten-year period and 

presented as a profit and loss account (Table 23).   

• Sales represent seeded hatchery rope.   

• The production target of 1000t harvestable product remained a constant target through the 

10-year period (if the hatchery were successful, this would likely increase). 

• Production costs (refer to Section 15.4 ) include administrative, utilities, fees, consumables, 

cultivation, maintenance, etc.    

• Staffing costs include an allocation for vehicles. 
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Table 23.  Profit and loss account for a 1000t commercial mussel hatchery over ten-year period 

 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 

Sales £524k £524k £524k £524k £524k £524k £524k £524k £524k £524k 

           

Production Costs £169k £85k £93k £94k £98k £141k £106k £119k £106k £106k 

Staffing Costs £232k £235k £240k £246k £250k £255k £261k £245k £270k £277k 

           

Gross Profit £123k £204k £192k £184k £177k £129k £156k £161k £148k £141k 

           

Depreciation £109k £109k £109k £109k £109k £109k £109k £109k £109k £109k 

           

Net Profit £14k £95k £82k £75k £68k £20k £47k £52k £39k £32k 

 

After depreciation, the financial model is designed to produce a small annual net profit.   

The profit and loss accounts indicate a required sales value of £524k per annum. 

 

15.3 Sales volume and price assumptions 
The sale of spatted rope is evaluated so it provides an average 10% profit margin across the 10 

years, and this level of activity is assumed not to change across the period of the Business Plan. 

The seeded hatchery ropes would be stripped and restocked to grower ropes by the farmer after 

initial ‘nursery’ growth.  This achieves a desired final target stocking density of harvestable-sized 

mussels at approximately 240 mussels per meter of grower rope.  (Although this restocking be an 

additional procedure for the farmer compared to current practice, the costs associated with the 

additional husbandry, nursery operations, equipment, or resocking are not factored into the 

hatchery model). 

A ratio of 1:5 (i.e., 1m of seeded hatchery rope is restocked across 5m of grower rope) determined 

that the target production of hatchery seeded rope for 1000t is 50 km per annum.    

Under these conditions, the cost per m of hatchery seeded rope to the farm is £10.48 per meter (or 

£2.10/m at final grower stocking density, Table 24). 
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Table 24. Sales from 1000 t commercial shellfish hatchery over a 10-year business plan 

 Average  

Year 
1 

Year 
2 

Year 
3 

Year 
4 

Year 
5 

Year 
6 

Year 
7 

Year 
8 

Year 
9 

Year 
10 

TOTAL Costs by Year 
(including depreciation) 

£472k 
 

£510k £429k £442k £449k £456k £504k £477k £472k £485k £492k 

Target Profit Margin £52k 
 

£14k £95k £82k £75k £68k £20k £47k £52k £39k £32k 
 

10% 
           

             

ANNUAL SALES VALUE £524k 
 

£524k  £524k £524k £524k £524k £524k £524k £524k £524k £524k 

 
Target hatchery seeded rope 50,000m 

 
Assumed Sales 15-Mar to 30-Sep 

Average cost of hatchery seeded 
rope (£/m) £10.48 

 
03-May £131k   

Resulting cost allocated to grower 
rope (£/m) (at ratio 1:5) £2.10 

 21-Jun £131k 
  

   
09-Aug £131k 

  

  
 27-Sep £131k 

  

 

With average sales costs of harvested mussel at £4.88/m (based on a yield of 4 kg/m and average 

value at first sale of £1.22/kg3), utilising seed produced via this hatchery model would factor 43% of 

the current price per m.   

There is currently no production cost breakdown available that details the costs associated with on-

farm collection from the wild, however, successful spat collection by that method is a significant 

cost.  Lost opportunity and farm productivity resulting from failed or poor spat collections also 

represents a significant cost.  As discussed elsewhere in this report, many farms continue to report 

insufficient spat for their farming requirements (refer also to Scottish Shellfish Production Surveys, 

Marine Scotland). 

 

15.4 Production costs  
Annual production costs for the 1000t mussel hatchery are estimated at £320-400k per annum 

(Table 26 and Table 26). 

• Some spare parts and replacement items, which might otherwise be considered as Capital, 

have been included as profit and loss items and are not intended to be replicated every year.  

For business plan purposes, an annual average estimate is included 

• Inflation is assumed at 2% per annum.   

 

 
3 Reflects average price per tonne over the 5y period 2014-2018 as reported in Scottish Shellfish Farm 
Production Survey, Marine Scotland 
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Table 25.  Shellfish hatchery production costs over ten-year period 

Category Year 1 Yr 2 Yr 3 Yr 4 Yr 5 Yr 6 Yr 7 Yr 8 Yr 9 Yr 10 

Algae £        66,687  £29k £32k £33k £34k £50k £38k £45k £37k £37k 

Engineering systems £        11,150  £3k £6k £3k £6k £3k £7k £8k £7k £3k 

Environmental Fees £          2,000  £2k £2k £2k £2k £2k £2k £2k £2k £2k 

Mussel Broodstock £          1,100  £1k £1k £1k £1k £1k £1k £1k £1k £1k 

Mussel Larvae, spat and transfer £        47,142  £10k £10k £13k £11k £40k £13k £21k £12k £14k 

Operating Costs £        32,550  £32k £33k £33k £34k £36k £36k £33k £37k £38k 

Professional Fees £          8,350  £9k £9k £9k £9k £9k £9k £9k £10k £10k 

Staffing costs £     232,176  £235k £240k £246k £250k £255k £261k £245k £270k £277k 

TOTAL COSTS £     401,155  £320k £333k £340k £347k £395k £368k £363k £376k £383k 

 

   

Table 26.  Further breakdown of production costs 

 

Year 1 
Costs Includes 

Algae   
Cultivation £50,276 Nutrient mixes and carbon-dioxide; air filters scheduled to be replaced every 5 years 
Biosecurity £450  
Lab Equipment £2,950  
Maintenance £13,012 LED lamps (c. £6K) replaced every 5 years 

 £66,687     
   
Engineering systems £8,650 UV Lamps and filter bags; some maintenance planned every 2, 3 and 5 years etc    
   
Environmental Fees £2,000 SEPA Licensing    
   
Mussel Broodstock £1,100 Algal diet, buckets, and baskets    
   

Mussel Larvae, spat and 
transfer   

Larvae Cultivation £6,420 health screening for stocks 
Lab Equipment £822  
Maintenance £3,400 heat exchanger plates, replaced every 5 years 
Seawater Supply £9,000 booster pump replaced every 7 years 
Settlement Ropes £22,500 replaced every 5 years 
Socking Materials £5,000  

 £47,142     
   
Operating Costs £32,550 utilities, stationery etc    
   
Professional Fees £8,350 financial services and electrical testing    
   

Staffing costs   
Salary Costs £218,536  
Vehicles and Other Costs £13,640  

 £232,176  
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Due to the seasonal nature of the production cycle and the specialist nature of the work, staffing of 

a commercial hatchery with suitable calibre personnel is essential for success, but challenging and 

costly.  By far, the highest cost associated with production is staffing with an average contribution of 

69% to production costs over the ten-year period (Figure 273).  

 

Figure 273.  Annual average production costs (% of total costs, refer to  

Table 25) for a commercial mussel hatchery 

 

 

NB: the costs of staffing a hatchery could realistically be much higher in locations such as Shetland as 

the salary rates that have been chosen are more akin to those in the university sector and these are 

lower than those typically paid to private sector operatives working on commercial mussel farms. 

The staffing allocation is based on an expected input of 6.8 FTE (Table 27), which considers a 7-day 

working week required during the production season and a staggered weekend rhythm. 

Table 27.  Staffing a 1000t commercial mussel hatchery 

Position FTE 

Hatchery Manager 1.00 

Admin Support (Finance, HR, etc) 0.80 

Algae Section Senior 1.00 

Broodstock/Larvae Section Senior 1.00 

Hatchery Technician 2.50 

Engineering Support 0.50 

Total 6.80 

 

Algae, 11% Engineering 
systems, 2%

Environmental 
Fees, 1%

Mussel 
Broodstock, 0%

Mussel Larvae, 
spat and 

transfer, 5%

Operating 
Costs, 9%

Professional 
Fees, 3%

Staffing costs, 
69%
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It may be beneficial to operate the hatchery with some additional temporary staffing during the 

process of developing hatchery procedures and that could be achieved partly by utilising 

studentships and engaging with subject specialists to undertake R&D activity.  Summer studentships 

may also be a source of relatively inexpensive labour, and particularly attractive if some of their time 

could be integrated with research that contributed to dissertation modules of their degree 

programmes. 

Where tasks can be made more efficient and/or reliably mechanised (e.g., plankton production) a 

team of this size might not need to grow much more if production outputs were increased. 

 

15.5 Balance sheet  
The balance sheet reflects a financial statement of what a 1000t commercial hatchery would own 

(assets) and owe (liabilities) in each year of the ten-year projection (Table 28). It demonstrates a 

positive shareholder equity of between £14k and £95k per annum. 

• Fixed assets include depreciation (as per Table 30). 

• Bank Overdraft relates to cash flow forecast (Table 29) 

 

Table 28.  Balance Sheet for a 1000t commercial mussel hatchery over a ten-year period 

 Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 

Fixed Assets £1,960k £1,851k £1,742k £1,633k £1,524k £1,426k £1,317k £1,278k £1,169k £1,060k 

Liabilities           

Bank Overdraft £1,946k £1,742k £1,550k £1,367k £1,190k £1,061k £905k £744k £596k £455k 

           

Net Assets £14k £109k £192k £267k £334k £365k £412k £534k £573k £605k 

           

Retained Profit £14k £95k £82k £75k £68k £20k £47k £52k £39k £32k 

           

Shareholders' Funds £14k £95k £82k £75k £68k £20k £47k £52k £39k £32k 

 

15.6 Cash flow forecast 
Along with other investments it is likely that some grant funding from public sources would be 

required during setup, however, the cash flow forecast (Table 29) represents cash movements only 

and no assumption is made on the source of funds. 

• Four production cycles within the production season yield sales of £131k per batch. 

• Production costs and sales receipts are assumed to be paid in the month in which they are 

incurred. 

• Based on this model, April of year 1 is the point at which cash requirement is at its highest (-

£2,203K). 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and 
A Hatchery Manual 

 

Section 15 - Financial considerations for a commercial mussel hatchery – a ten-year business plan 
  Page 329 

 

• At the end of the Business Plan cycle (10 years), all initial fixed assets will be fully 

depreciated.  The remaining net book value of £1.06M will primarily be the property 

(£1.02M).
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Table 29.  Cash flow forecast for mussel hatchery over ten-year period.  (A) year 1 monthly, (B) years 2 to 10 annual 

 

(B) Years 2 to 10 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 
Year 2-

10 Total 
GRAND 
TOTAL 

Opening Balance -£1,946k -£1,742k -£1,550k -£1,367k -£1,190k -£1,061k -£905k -£744k -£596k -£1,946k £0k 

Set Up Costs £0k £0k £0k £0k £0k £0k £0k £0k £0k £0k -£2,069k 

Production Costs -£320k -£333k -£340k -£347k -£395k -£368k -£363k -£376k -£383k -£3,225k -£3,627k 

Sales Receipts £524k £524k £524k £524k £524k £524k £524k £524k £524k £4,717k £5,241k 

Closing Balance -£1,742k -£1,550k -£1,367k -£1,190k -£1,061k -£905k -£744k -£596k -£455k -£455k -£455k 

 

(A) Year 1 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec TOTAL 

Opening Balance £0k -£2,103k -£2,136k -£2,169k -£2,203k -£2,105k -£2,008k -£2,041k -£1,944k -£1,846k -£1,879k -£1,913k £0k 

Set Up Costs -£2,069k £0k £0k £0k £0k £0k £0k £0k £0k £0k £0k £0k -£2,069k 

Production Costs -£33k -£33k -£33k -£33k -£33k -£33k -£33k -£33k -£33k -£33k -£33k -£33k -£401k 

Sales Receipts £0k £0k £0k £0k £131k £131k £0k £131k £131k £0k £0k £0k £524k 

Closing Balance -£2,103k -£2,136k -£2,169k -£2,203k -£2,105k -£2,008k -£2,041k -£1,944k -£1,846k -£1,879k -£1,913k -£1,946k -£1,946k 
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15.7 Capital expenditure plan 
The costs associated with the construction of a dedicated 1000t hatchery are depreciated over 50 

years in the cash flow model (Section 15.6 and are summarised in Table 30 and the indicative 

lifespan is used (replacement cycle) in the cash forecast. 

 

15.7.1 Capital expenditure plan: summary 
Indicative replacement cycles and depreciation % are indicated for the various expenditure headings 

and net book value indicated at Year 10 is a remaining £1.060m (Table 30) 

 

Table 30.  Capital expenditure plan: summary with depreciation (NBV Net Book Value) 

Expenditure Heading Description TOTAL 
Replacement 

Cycle 
(years) 

Annual 
Depn. 

(%) 

Annual 
Depreciation 

(£) 

NBV at 
Year 10 

Construction Building, toilet facilities, storage £1,275,000 one-off 2% £25,500 £1,020,000 

Professional Fees Planning Permission, Building Warrants, 
Lawyers etc. 

£40,000 one-off 10% £4,000 £0 

Site Costs Land acquisition, preparation and building 
design 

£104,000 one-off 10% £10,400 £0 

Consultancy (specialist) Consultancy and Knowledge Exchange £30,000 one-off 10% £3,000 £0 

Consumables / 
Materials 

Pipework for mussel larvae and spat 
transfer 

£56,095 10 10% £5,610 £0 

Equipment Algae cultivation (air conditioning, 
autoclave, storage) 

£124,170 10 10% £12,417 £0 

Equipment Algae cultivation (generator, pipework, 
glass tubing) 

£19,776 7 14% £2,825 £11,301 

Equipment Engineering Systems (Pumps, Filtration, 
Generator) 

£126,800 10 10% £12,680 £0 

Equipment Positive Pressure Biosecurity System £25,000 7 14% £3,571 £14,286 

Equipment Laboratory Equipment (computer, 
microscope) 

£10,700 5 20% £2,140 £0 

Equipment Laboratory Equipment (incubator, 
microscope) 

£17,500 10 10% £1,750 £0 

Equipment Monitoring Equipment £15,000 7 14% £2,143 £8,571 

Equipment Broodstock Tanks and Temperature Control £7,500 10 10% £750 £0 

Equipment Mussel Larvae/Spat Transfer (tanks, spools, 
platform) 

£206,712 10 10% £20,671 £0 

Equipment Miscellaneous Costs £10,900 7 14% £1,557 £6,229 

  
£2,069,153 

  
£109,014 £1,060,386 
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15.7.2 Capital expenditure plan: forecast 
Table 31.  Capital expenditure plan: forecast 

Expenditure 
Heading Description 

Replacement 
Cycle (years) Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 

Construction Building, toilet facilities, storage one-off £1,275,000                   

Professional 
Fees 

Planning Permission, Building Warrants, 
Lawyers etc. one-off £40,000                   

Site Costs 
Land acquisition, preparation and building 
design one-off £104,000                   

Consultancy 
(specialist) Consultancy and Knowledge Exchange one-off £30,000                   

Consumables / 
Materials Pipework for mussel larvae and spat transfer 10 £56,095                   

Equipment 
Algae cultivation (air conditioning, autoclave, 
storage) 10 £124,170                   

Equipment 
Algae cultivation (generator, pipework, glass 
tubing) 7 £19,776             £19,776     

Equipment 
Engineering Systems (Pumps, Filtration, 
Generator) 10 £126,800                   

Equipment Positive Pressure Biosecurity System 7 £25,000             £25,000     

Equipment Laboratory Equipment (computer, microscope) 5 £10,700         £10,700         

Equipment Laboratory Equipment (incubator, microscope) 10 £17,500                   

Equipment Monitoring Equipment 7 £15,000             £15,000     

Equipment Broodstock Tanks and Temperature Control 10 £7,500                   

Equipment 
Mussel Larvae/Spat Transfer (tanks, spools, 
platform) 10 £206,712                   

Equipment Miscellaneous Costs 7 £10,900             £10,900     

   £2,069,153 £0 £0 £0 £0 £10,700 £0 £70,676 £0 £0 
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15.8 Financial considerations: conclusions  
From the assumptions and the financial model presented in this Section (Section 15 -), a mussel 

hatchery scaled to produce spat for 1000t of harvestable sized mussels, identified by industry as an 

acceptable scale, does not appear to be a commercially viable stand-alone business since the costs 

associated with the seed are modelled at £2.10/m, compared to sales of final grower rope-grown 

mussels of £4.88/m. 

Therefore, to utilise hatchery-reared seed at the 1000t scale could require: 

• Remodelling of the cost structure in the mussel on-growing stage by 

o Reducing overall production costs - possibly achieved through scale/consolidation, 

increased mechanisation, more efficient production processes, etc. 

o Increase value of mussels at sale (where market allowed). 

• Vertical integration of hatchery.  A farm would absorb and spread the hatchery costs due to 

their confidence that the hatchery supply of seed will improve overall business efficiency by: 

o Reducing or eliminating incidences of poor wild spatfall. 

▪ the costs of failed spat collection (implications for time and wasted 

opportunity) as well as farm’s inefficiencies resulting from unsatisfactory 

stocking densities (which also increases biofouling) is unknown. 

o Helping to standardise consistent and appropriate stocking densities across the farm 

translating to higher yields per farm – e.g., increase average stocking density on 

grower ropes from 4 kg/m to 6kg/m (which is observed in some higher productive 

regions). 

o Sharing of staff to cover managerial, admin duties, specialisms (e.g., engineering), 

equipment, and redeployment of staff out with the production season. 

o Unrequired mussel seed could be sold to other producers. 

Increasing the scale of production above 1000t was not deemed appropriate by the sector so 

efficiencies within the 1000t hatchery model would need improving: 

• Reduce overall production costs (as above). 

• Further improve equipment setup and operational procedures. 

• Optimise rearing protocols and densities to  

o Improve survival rates. 

o Minimise wastes (energy, diet, etc.). 

o Eliminate disease (broodstock conditioning and biosecurity). 

o Increase hatchery ropes spatting densities to increase ratio achieved during 

restocking to grower rope (increase from 1:5). 

If hatchery design and permissions allowed, it might be possible to include production of other 

shellfish (or aquaculture) production or other plankton production systems that could be used to 

supplement productivity of the site and be an additional income stream.  This could include higher 

revenue products such as sales of oyster spat but this was not modelled due to the limited market 

for oyster spat in Scotland at this time. 

In light of the financial model presented in this section, choosing to invest in a hatchery model is a 

risk but, were it successful, it would provide many advantages as described in this report – e.g. 
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helping to maintain biosecurity, reduce importation of undesirable stocks (e.g., M. trossulus) and 

could yield important improvements to stocks via selective breeding – which may become 

increasingly important to improve stock productivity, resilience and resistance to disease, whilst 

having stocks that are tolerant to climate change and ocean acidification.    
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Appendix 1 - Written Schemes of Examination for Autoclaves 
 

NAFC Marine Centre: Clinical Autoclave 

Clinical Autoclave Prestige Medical Model 210002, serial number 1601127. 

 

Checks and maintenance 

With every use 

1. Check the water level and top up when required. Visually inspect all surfaces. 

Monthly 

The autoclave should be isolated from pressure/electrical source and drained of all 

residual pressure. Internal and external surfaces should be inspected visually and 

cleaned thoroughly, this includes all door retaining lugs, all protective devices, and 

fittings. 

1. Clean both interior and exterior with warm, soapy water ensuring the electrical 

parts are kept dry. 

2. Monitor 1 cycle to check the Air Bleed Device, which is located inside the lid, 

audibly “clicks” shut. 

3. If a new gasket leaks, or a persistent leak develops, gently clean the sealing 

surface of both the lid and body of the unit with a “Scotchbrite” scrubbing pad 

making sure you do not remove any metal. Rinse both surfaces but do not 

dry. 

4. Remove the Green Sealing gasket from inside the lid and clean it with warm, 

soapy water, rinse thoroughly, shake dry (do not wipe), replace in the lid by 

tucking evenly under all lugs starting at the Gasket offset device. Replace 

gasket if it begins to show signs of leakage. DO NOT LUBRICATE GASKET! 

5. Lubricate underside of body lugs with “Vaseline” if the lid becomes stiff. 

Checks and Maintenance schedule / record:

 

Clinical Autoclave Prestige Medical Model 210002

Month January February March April May June

           user&date   

task#

Inspect and clean surfaces 1

Check Air bleed device 2

Check for/fix gasket leaks 3

Clean sgreen sealing gasket 4

Lubricate body lugs if required 5

Task

Monthly Checks - 2018
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Written Scheme of Examination 

NAFC Marine Centre: Priorclave Compact 60 

 

Autoclave Priorclave Model PS/MID/C60, serial number 3870. 

 

The following items need to be examined and or tested. 

• Low water Probe 

• Pressure Vessel 

• Sealing Gasket 

• Locking Arms 

• Safety Valve 

• Drainage 

• Door and Hinge Bolt Fixings 

• Automatic Air Purge Valve 

• Microswitches 

• Locking Solenoid 

 

 

Weekly (if in use) checks and maintenance (by trained user) 

1. Visual inspection of whole system, looking for leaks and mechanical damage. 

2. Scrub clean the low water probe and keep the sensor clean. 

3. Remove and replace the standing water within the pressure vessel, clean 

the heating elements with a damp cloth. 

4. Check exterior of machine and the inside walls of the pressure vessel for 

general cleanness, particularly around operating parts, and switchgear, clean 

when required (do not use abrasive or chemically aggressive cleaner). 

5. Clean and inspect the gasket for damage, then lubricate the sealing faces of 

the sealing gasket (with the pressure lid in the open position, apply high 

melting point grease to the exposed surfaces of the gasket). 
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6. Keep locking arms free of dirt and lightly lubricated with high melting point 

grease. 

7.  

8. Check the drains for any sign of blockage, obstruction or damage and the 

tubes connections. 

9. Check the tightness of the fixing bolts and the hinge, tighten the door holder 

screws if necessary, do not over-tighten the nuts at the back of the top panel 

holding the hinges in place. 

 

Bi-annual checks and maintenance (by qualified person) 

1. With the pressure lid in the open position clean the hinge and lubricate it with 

high melting point grease. 

2. Check for damage and clean the internal microswitches (one located behind 

the lower door clamp and the other below behind the locking solenoid, (behind 

the upper locking clamp). Remove the right-hand side panel for accessing the 

micro switches. 

3. Check the safety valve for freedom of movement. The hand lever of the valve 

can be reached by removing the side panel on the right–hand side of the 

autoclave. When the autoclave is at working pressure, keeping clear of the 

safety valve outlet, lift the hand lever and check for a free flow of steam from 

the outlet pipe. If steam does not flow the valve needs to be replaced – by a 

qualified person- immediately. After releasing the lever ensure that stem flows 

stop fully. 

4. Check for any obstruction to the safety valve outlet, which must always 

remain exposed and unconnected to any form of drainage. 

5. Check the locking catch and solenoid for freedom of movement (remove the 

right-hand side panel for access), if necessary, tighten the screws and re-align 

with the catch. 

 

Weekly Checks and Maintenance schedule / record: 
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Autoclave Priorclave Model PS/MID/C60 Weekly Checks - 2018

week 1-7 Jan 8-14 Jan 15-21 Jan 22-28 Jan 29-4 Feb

           user&date   

task#

Visual Inspection of whole system 1

Scrub clean the Low Water Probe 2

Replace standing water and clean heating elements 3

Check pressure vessel overall cleaness 4

Clean, lubricate and inspect gasket 5

Clean and lubricate locking arms 6

Check drains 7

Check the tightness of the fixing bolts and the hinge 8

week 5-11 Feb 12-18 Feb 19-25 Feb 26 Feb-4 Mar 5-11 Mar

           user&date   

task#

Visual Inspection of whole system 1

Task

Task
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Written Scheme of Examination 

NAFC Marine Centre: Priorclave “The Beast” 

 

Autoclave Priorclave Model PS/RSC/EH700, serial number 4164. 

 

The following items need to be examined and or tested. 

• Low level water probe check and clean. 

• High level water probe check and clean. 

• Pressure Vessel check for scale build up remove debris. 

• Sealing Gasket check for damage lubricate with silicon grease. 

• Closure bolts check for damage lubricate with high temperature grease. 

• Safety valve 

• Drainage 

• Hinge 

• Microswitch operation 

• Locking Solenoid 

 

 

Weekly (if in use) checks and maintenance 

10. Visual inspection of whole system, looking for leaks and mechanical damage. 

11. Scrub clean the insulated section of the low and high-water probe and keep 

the sensor tip clean. 

12. Check the condition and location of the temperature sensing thermocouples 

13. Remove the standing water within the pressure vessel, clean the heating 

elements with a damp cloth. 

14. Check exterior of machine and the inside walls of the pressure vessel for 

general cleanness, particularly around operating parts, and switchgear, clean 

when required (do not use abrasive or chemically aggressive cleaner). 
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15. Clean and inspect the gasket for damage, then lubricate the sealing faces of 

the sealing gasket (with the pressure lid in the open position, apply high 

melting point grease to the exposed surfaces of the gasket). 

16. Keep closure bolts free from dirt and lubricated with high melting point 

grease. 

17. Check the drains for any sign of blockage, obstruction or damage and the 

tubes connections. 

 

 

Bi-Annual checks and maintenance by qualified engineer 

6. With the pressure lid in the open position clean the hinge and lubricate it with 

high melting point grease. 

7. Check the unit for leaks when first used after parts replacement. 

8. Check for damage and clean the internal micro switches (one located behind 

the red safety closure bolt and the others below the locking catch and behind 

the black closure bolts- to gain access remove the right-hand side panel and 

follow protocol in page 31 of the Priorclave Model PS/RSC/EH450 Manual). 

9. heck the safety valve for freedom of movement. The hand lever of the valve 

can be reached form above the back panel of the autoclave. When the 

autoclave is at working pressure, keeping clear of the safety valve outlet, lift 

the hand lever and check for a free flow of steam from the outlet pipe. If steam 

does not flow the valve needs to be replaced – by a qualified person- 

immediately. After releasing the lever ensure that stem flows stop fully. 

10. Check for any obstruction to the safety valve outlet, which must always 

remain exposed and unconnected to any form of drainage. 

11. Check the locking catch and solenoid for freedom of movement (remove the 

right-hand side panel for access), if necessary, tighten the screws and re-align 

with the catch, of dry apply a small amount of high melting point grease to the 

sliding parts. 

 

Weekly checks and Maintenance schedule / record: 
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"The Beast"  Autoclave model PS/RSC/EH4700 Weekly Checks - 2018

week 1-7 Jan 8-14 Jan 15-21 Jan 22-28 Jan 29-4 Feb

           user&date   

task#

Visual Inspection of whole system 1

Scrub clean the Low Water Probe 2

Check and clean water level float switch 3

Replace standing water and clean heating elements 4

Check pressure vessel overall cleaness 5

Clean, lubricate and inspect gasket 6

Clean and lubricate closure bolts 7

Check drains 8

Task



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and 
A Hatchery Manual 

 

Section 15 - Financial considerations for a commercial mussel hatchery – a ten-year business plan 
  Page 342 

 

Appendix 2.  Written Scheme of Examination for Steamer 
NAFC Marine Centre: Join 6000 

 

Steam cleaner Join 6000, identifier number 1. 

 

The following items need to be examined and or tested. 

• Pipe connections 

• Boiler 

• Water filter 

• Joints 

 

 

12. Regularly check the pipe connections for any leaks. 

13. Boiler decalcification when needed, approximately every 40 working hours – 

follow the decalcifying procedure protocol attached to the Instruction manual. 

14. Water filter replacement – after about 500l of water are consumed. 

15. Change the water in the boiler when indicated – “water replacement” red light 

on during operation - follow protocol in page 8 of Instruction manual for water 

change. 

16. Every 2-4 months grease all accessories joints. 

 

Usage and Maintenance schedule / record: 
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Steam cleaner: Join 6000

Date User

cumulative time (h) in 

use since task 2 was 

last performed

cumulative water 

usage (l) since task 3 

was last performed

Join 3400 usage Maintenance 

task 

performed
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Appendix 3.  Algae transfer record sheet 

Date Species 
Last 
Transfer 

Transferred 
From 

Transferred 
To 

Previous 
Number 

New 
Number 

Comments 
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Appendix 4.  Algae daily checks - example checklist from September 2018 

 17th 18th 19th 20th 21st 22nd 23rd 

 Tuesday Wednesday Thursday Friday Saturday Sunday Monday 

Check microbiology requisition form get autoclaved test tubes for 
microbiology accordingly and leave then in the office. Prepare test 
tube for Flagellates non sterile sample too.        
Check that AC in B room is ok, check water pump, air and lights, CO2 
are ok. Open the window if room temperature is above 21 °C        
Vent tap B and pasteurizer, connector after pasteurizer very slightly 
open afterwards. Record time.        
Check and record any CBs crashed, Bags crashed or leaking.        
Check if any bags need filling        

Check if nutrients have been dosed and/or need replenishing        

Empty autoclaves (make sure everything taken out is air tight) and 
switch off        
Calibrate pH meter        
Tip CBs into harvest tank. Take sterile sample and non-sterile sample.        
Check temp, pH and counts from C. cal. tank immediately (non-sterile 
sample).        

Ask for Downstairs Flagellates non sterile sample, check temp, pH, 
live sample and counts from downstairs flagellate mix immediately. 

       
Count 72h plates, and input data from downstairs samples straight 
way (file from the date the samples were taken)        
Take dried material from drying cabinet and store        



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A Hatchery Manual 

 

Section 15 - Financial considerations for a commercial mussel hatchery – a ten-year business plan   Page 346 
 

Empty glasswasher into drying cabinet        
Wash used CBs with freshwater and clean off any writing        
Send C. cal. down moving the hose directly from Flagellates to C. cal.        
Send used hose down for cleaning        
Clean C. cal. tank        
Count day-5 C. cal. 6l flask, pH, and temp, take sterile sample.        
Use the counted day-5 C. cal. 6l Flask to inoculate the required CBs. 
(Connect air to each CBs at least 10min before inoculation)        
Swirl Masters        
Inoculate C. cal. flasks (1l, 6l), do counts, pH, temp, and plate MA 
from used flasks (no dilution).        

 10th 11th 12th 13th 14th 15th 16th 

 Tuesday Wednesday Thursday Friday Saturday Sunday Monday 

Move the Flasks needed the following day to the respective 
shelves/incubator        
Plate C. cal. tank sample in MA (no dilution).        
Plate downstairs samples in TCBS (no dilution) and MA (LRT t0 no 
diln., LRT with larvae and ICs 100X dilution, algae 1000x dil.)        
Individual Bags sample, live sample (if there is time), count check pH, 
temp        
Count Flagellate Flasks (2l/3l and 6l), record temperature and pH        
~Count extra C. cal. as discussed        
Extra on? Inoculate 2/3l Flagellate Flasks, count, measure pH and 
temp of the used 250ml flasks. Plate in Ma (no dilution)        
Extra every other Tuesday: inoculate Masters, plate MA        

Autoclave the required material if new bags are to be put in the day 
after.        
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Extra on Wednesdays: put new Bags in as required and steam 
SeaCAPS. Autoclave material needed for Bags inoculation of 
Thursday.        
Extra on Wednesdays sample Individual Bags (harvest lines) for 
bacteria levels (MA, 1000 dilution)        
Extra on Thursday – Inoculate new Bags if required        
Extra Thursday: Prepare and autoclave Flasks        
Extra on Friday - autoclave checks        
Extra Tuesday, Wednesday, and Thursday: Check if footbaths need 
replacing. Check if ethanol, Metasilicate, Tris, Nutrients, 10% HCl, MA 
or TCBS need preparing, keep record if any is prepared.        
Move autoclaved Flasks/ CBs to respective rooms        
Prepare and autoclave CBS + other material as required        
Connect clean harvest hose for Flagellates.        
Close the window in Bags room if open        
Vent tap B and pasteurizer, connector after pasteurizer very slightly 
open afterwards. Record time.        

 10th 11th 12th 13th 14th 15th 16th 

 Tuesday Wednesday Thursday Friday Saturday Sunday Monday 

Turn on glasswasher and turn off drying cabinet        
Check AC in M room is on, and butane is off        
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Appendix 5.  Daily algae count, pH, and temperature record sheet 

sample 
date 

algae 
species 

Label temp pH 
live sample 
comments 

counts 
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Appendix 6.  Algae Bags Condition and Inoculation Records 

Bag # spp 
Inoculation 
date 

Flask 
used 

volume 
used 

date 
started 
harvesting 

date 
started 
leaking 

date started 
crashing 

date/cause for any 
other cause to take 
down 

date taken 
down 
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Appendix 7.  Microbiology records 

Date 
TCBS 
inoc 

dil 
factor 

volume 
inoc. 
(µl) 

ID 
# of colonies 
TCBS yellow 
orange 

# of colonies 
TCBS Green 
blue 

comments 

       

       

       

       

       

       

       

       

       

Date 
MA 
inoc 

dil 
factor 

volume 
inoc. 
(µl) 

ID 
# of colonies 
MA yellow 
orange 

# of colonies 
MA cream 

comments 
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Appendix 8.  Microbial Requisition Form 
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Appendix 9.  Record of Venting SeaCAPS Pasteuriser and Heat 

Exchanger 
 

Venting record 

date time comment  date time comment 
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Appendix 10.  Carbon Dioxide Conversions 
 

Flowmeter Part 

Algae Mass (bag) culture room 
 

TW-03219-15 FLOWMETER SS/SS, Cole Parmer 

Master Culture Room TW-03219-05 FLOWMETER SS/GLASS, Cole 
Parmer 
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Appendix 11.  Daily Record Sheet Templates 

   Carbon Dioxide  CBs inoculation  CBs used/discarded/ crashed  

Date  

Bottle  
Pressure 
(bar) 

Line  
Pressure 
(bar) 

Bottle 
Changed  

From 
(flask 
number) 

volume 
used per 
CB 

number of 
CBs 
inoculated  

number of 
CBs 
harvested 

number 
of CBs 
crashed 

number of 
CBs 
discarded  

Mon 24-Sep              

Tue 25-Sep              

Wed 26-Sep              

Thu 27-Sep              

Fri 28-Sep              

Sat 29-Sep              

Sun 30-Sep              

Mon 01-Oct              

Tue 02-Oct              

Wed 03-Oct              

Thu 04-Oct              

Fri 05-Oct              

Sat 06-Oct              

Sun 07-Oct              

Mon 08-Oct              

Tue 09-Oct              

Wed 10-Oct              

Thu 11-Oct              

Fri 12-Oct              

Sat 13-Oct              

Sun 14-Oct              

Mon 15-Oct              

Tue 16-Oct              

Wed 17-Oct              

Thu 18-Oct              

Fri 19-Oct              

Sat 20-Oct              

Sun 21-Oct              
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Appendix 12.  Daily Record Sheet (SharePoint) 

Date 19/09/2018 Wednesday Daily Record Sheet

Algae - Cell Counts - Harvested for Mussels 19-Sep Wednesday

Cell 

Count C. cal Iso / Lut # CFUs Algae 

LRT 

Mussels IC/Spools

1 Sam p led  fro m

2 Vo l.  p lat ed  (µl)

3 MA D iln . Fac t r

4 MA 7 2 h

5 TCBS D iln . Fac t r

6 TCBS O/Y 7 2 h

TCBS B/G 7 2 h

Counted by 

(initials) Co m m en t s

]

Algae Sp

Average 

Cell Count 

(cells/µl)

Litres 

available pH Temp (°C)

C. cal #DIV/0!

Iso / Lut #DIV/0!

Volume of Algae to feed mussels 19-Sep Wednesday

Total

Diatoms 

(l)

Flagellates 

(l) Tank Daily  Algae Ration (l)

Dosing 

Pump (l/h) 

for 23 

hours

IC1 IC1

IC2 IC2

IC3 IC3

IC4 IC4

IC5 IC5

Spools Spools

Total 0 0 Total 0

Comments:

Algae Cells Required by IC Mussels 19-Sep Wednesday

Tank Batch No.

Age 

(days post 

fert)

Density 

(larvae/ml)

Larvae 

Number 

(Million)

Residual 

Algae 

(cells/µl)

W ater 

Colour  ( 0 

clear,  1 l i ght,  

2 good, 3 

IC1

IC2

IC3

IC4

IC5

Spools

Total 0.00

Tank Tank Tank

Larvae Samples Taken Placed into 90% EtOH + 10% Seawater

IC Larvae Tank Environmental Conditions 19-Sep Wednesday

Tank

Temp (°C) 

AM

Oxygen AM 

(%sat)

Seawater 

Flow Rate 

AM (l/min)

Drop out (0  

lit t le,  1  so m e,  

2  lo t ,  3  all) Comments

Screen 

Size for 

Tank

Grading 

Screens

IC1

IC2

IC3

IC4

IC5

Spools

IC Larval checks 19-Sep Wednesday

Tank

Length 

(µm) Width (µm)

Growth 

(µm inc.  Activ ity Gut Colour Lipids Shell

IC1

IC2

IC3

IC4

IC5

Spools

Comments:

Spawning 19-Sep Wednesday

Source of Broodstock Mussels Gonad Condition (10 mussels)

Date Mussels Collected gonad full, eggs sperm ooze from scored gonad

Mussels Cleaned by Used Mussels Disposed by

Total Number of Thermal Cycles Areas thoroughly cleaned by

Spawning and Fertilisation 19-Sep Wednesday

Spawning & 

Fertilisation

Time 

(hh:mm) 
2 4 h  c lo c k

No. of new 

females 

Spawned

Tota l  Vol  of  

f ert i l i sa tion 

m ix in bucket 

( l i tres )

Egg No. 

Sample #1  

( left)  100µl

Egg No. 

Sample #2

(right) 100µl

Number of 

Eggs (mil l ion)

Was majority   

eggs 'pre-

ferti l ised'?

1

2

3

4

5

6

7

8

Total -            -             

Spawning & 

Fertilisation

Number 

males 

spawned

Total  Vol  milt 

solution 

used to fert 

(ml)

Egg No. 

UNFERT.

Sample #1  

( left)  100µl

Egg No. 

UNFERT.

Sample #2  

(right) 100µl

Quality  of 

unferti lsed 

eggs - 

Comments

% eggs 

ferti l ised at 1  

h

1

2

3

4

5

6

7

8

Total 0 0 0 #DIV/0!

Overall 

Numbers of 

Mussel 

Total 

number

% 

spawned

No. of FERT 

eggs 

stocked 

Overall % 

FERT.

♀ spawned -                  #DIV/0! #DIV/0! #DIV/0!

♂ spawned -                  #DIV/0!

Non-spawners #DIV/0!

Total 0 #DIV/0!

LRT Checks 19-Sep Wednesday

Tank Batch No. Day

Temp (°C) 

AM

Temp (°C) 

PM

Length 

(µm) Width (µm)

LRT

Tank

Density 

(larvae/ml) Activ ity

LRT

Comments:

Spools 19-Sep Wednesday

Date Spools hypochlorited

Date Spools started to microbially mature

A

L

G

A

E

7

S

P

A

W

N

I

N

G

Date 19/09/2018 Wednesday Daily Record Sheet

Algae - Cell Counts - Harvested for Mussels 19-Sep Wednesday

Cell 

Count C. cal Iso / Lut # CFUs Algae 

LRT 

Mussels IC/Spools

1 Sam p led  fro m

2 Vo l.  p lat ed  (µl)

3 MA D iln . Fac t r

4 MA 7 2 h

5 TCBS D iln . Fac t r

6 TCBS O/Y 7 2 h

TCBS B/G 7 2 h

Counted by 

(initials) Co m m en t s

]

Algae Sp

Average 

Cell Count 

(cells/µl)

Litres 

available pH Temp (°C)

C. cal #DIV/0!

Iso / Lut #DIV/0!

Volume of Algae to feed mussels 19-Sep Wednesday

Total

Diatoms 

(l)

Flagellates 

(l) Tank Daily  Algae Ration (l)

Dosing 

Pump (l/h) 

for 23 

hours

IC1 IC1

IC2 IC2

IC3 IC3

IC4 IC4

IC5 IC5

Spools Spools

Total 0 0 Total 0

Comments:

Algae Cells Required by IC Mussels 19-Sep Wednesday

Tank Batch No.

Age 

(days post 

fert)

Density 

(larvae/ml)

Larvae 

Number 

(Million)

Residual 

Algae 

(cells/µl)

W ater 

Colour  ( 0 

clear,  1 l i ght,  

2 g ood, 3 

IC1

IC2

IC3

IC4

IC5

Spools

Total 0.00

Tank Tank Tank

Larvae Samples Taken Placed into 90% EtOH + 10% Seawater

IC Larvae Tank Environmental Conditions 19-Sep Wednesday

Tank

Temp (°C) 

AM

Oxygen AM 

(%sat)

Seawater 

Flow Rate 

AM (l/min)

Drop out (0  

lit t le,  1  so m e,  

2  lo t ,  3  all) Comments

Screen 

Size for 

Tank

Grading 

Screens

IC1

IC2

IC3

IC4

IC5

Spools

IC Larval checks 19-Sep Wednesday

Tank

Length 

(µm) Width (µm)

Growth 

(µm inc.  Activ ity Gut Colour Lipids Shell

IC1

IC2

IC3

IC4

IC5

Spools

Comments:

Spawning 19-Sep Wednesday

Source of Broodstock Mussels Gonad Condition (10 mussels)

Date Mussels Collected gonad full, eggs sperm ooze from scored gonad

Mussels Cleaned by Used Mussels Disposed by

Total Number of Thermal Cycles Areas thoroughly cleaned by

Spawning and Fertilisation 19-Sep Wednesday

Spawning & 

Fertilisation

Time 

(hh:mm) 
2 4 h  c lo c k

No. of new 

females 

Spawned

Tota l  Vol  of  

f ert i l i sa tion 

m ix in bucket 

( l i tres )

Egg No. 

Sample #1  

( left)  100µl

Egg No. 

Sample #2

(right) 100µl

Number of 

Eggs (mil l ion)

Was majority   

eggs 'pre-

ferti l ised'?

1

2

3

4

5

6

7

8

Total -            -             

Spawning & 

Fertilisation

Number 

males 

spawned

Total  Vol  milt 

solution 

used to fert 

(ml)

Egg No. 

UNFERT.

Sample #1  

( left)  100µl

Egg No. 

UNFERT.

Sample #2  

(right) 100µl

Quality  of 

unferti lsed 

eggs - 

Comments

% eggs 

ferti l ised at 1  

h

1

2

3

4

5

6

7

8

Total 0 0 0 #DIV/0!

Overall 

Numbers of 

Mussel 

Total 

number

% 

spawned

No. of FERT 

eggs 

stocked 

Overall % 

FERT.

♀ spawned -                  #DIV/0! #DIV/0! #DIV/0!

♂ spawned -                  #DIV/0!

Non-spawners #DIV/0!

Total 0 #DIV/0!

LRT Checks 19-Sep Wednesday

Tank Batch No. Day

Temp (°C) 

AM

Temp (°C) 

PM

Length 

(µm) Width (µm)

LRT

Tank

Density 

(larvae/ml) Activ ity

LRT

Comments:

Spools 19-Sep Wednesday

Date Spools hypochlorited

Date Spools started to microbially mature

A

L

G

A

E

7

S

P

A

W

N

I

N
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Appendix 13.  Microbiology Report 
A report by Daniel Cowing 

Executive Summary 

• Despite a more rigorous cleaning regime in the larvae there were higher bacteria levels in 

year 2018 than the previous year (2017), possibly reflected in higher bacterial counts in algal 

cultures. 

• Bacteria counts are highest in the harvested algae 

• Vibrio are highest within the IC’s. 

• Most areas have counts that above “threshold” values except for in 2017 the algae cultures 

and LRT; 2018 in the broodstock, post-filtration seawater and broodstock. 

• Immersion in sodium hypochlorite solution appeared to lower bacterial numbers in 

broodstock mussels, however this did not result in observable reduction in later total CFU 

numbers during larvae culture. 

• Total CFU’s increase in the LRT once the larvae are introduced (x 8,488%), however there are 

very low level of bacteria in water samples taken before the LRT is stocked (i.e., at t0). 

• There seems to be no difference in CFU’s between LRT locations (low, mid top). 

• Vibrio (green) were detected in the LRT at t2 (day 2). 

• Bacteria levels (cream colonies) seem consistent for after the embryos are introduced. 

Yellow forming colonies increase in number over time. 

• On average there was higher survival in batches in the 2018 from day 17 compared to 

batches in 2017. 

• Mortality is highest within the first 6 days. After day 21 (dpf) mortality remains low. 

• There was a weak correlation with the numbers of potentially Vibrio CFUs (growth on TCBS) 

with larval survival 

• There was no correlation with the number of general marine bacteria (CFU’s on MA) and 

larval survival. However, survival is lowered (0-25%) if the total % threshold of CFU’s is at 

~>50% or vice versa. 

• No clear pattern showing signs of IC influence on CFU values. 

• The IC’s have large numbers of TCBS green CFU’s that are over the threshold. 

• Possible pattern of increasing CFU’s when total larvae numbers exceed 20 x1006. 

• Once Vibrio is within a batch it seems to remain. Probably due to bacteria present within the 

larvae. 
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• There is a possibility of bacteria transfer from harvested algae to the IC tanks as bacterial 

levels were routinely above threshold levels. 

• TCBS green CFU values seem to originate within the ICs rather than the harvested algae. 

• Both spawning and LRT dropping show a slight pattern of increased total CFU’s. 

• A table of threshold values based upon total larval number at specific time-points are 

provided to enable the prediction of a successful batch, i.e., the batch making it to the spool 

tanks, which is based on the past data. 

• There were weak correlations of embryo/larval numbers and CFU levels. Certainly, CFU 

levels increase in number when there are larvae present in the IC tanks. 

• A strong association is shown between the quantity of algae delivered to the IC tanks and 

CFU levels (TCBS and MA). 

• Several recommendations are given. 

o Identify high risk areas 

o Reduce bacteria levels within the harvested algae 

o Investigate hygiene of system surfaces 

• A table is provided of previous treatments mentioned in the literature which includes using 

Ozone / chlorination, antibiotics (even if for one batch), probiotics, quorum quenching, 

phage therapy, lowering the filtration, the addition of EDTA / ovoglobulins. 

 

Introduction 

Microbiology results of the 2017 and 2018 larval season are presented throughout the report. 

Non-selective marine bacterial growth on Marine Agar and growth on selective TCBS agar, thought 

to primarily culture Vibrio spp. (TCBS agar) were tested during both seasons, with increased effort 

during the 2018 season. 

As was identified during the SAIChatch project, growth on TCBS agar was not necessarily Vibrio spp. 

(referred to as Vibrio from here on), however, Vibrios were cultivated on TCBS and presence of 

colony forming units (CFUs) was used as an indicator of the presence of these potentially pathogenic 

species. Colonies on TCBS produced at least two distinct colour variations including yellow (able to 

use the sucrose within the agar) which may be pathogenic and Green/Blue colonies which were 

potentially pathogenic (sucrose negative strains). 

 

In this report, several helpful guides were given regarding acceptable CFU levels in a hatchery and 

were adopted in the Stepping Stone hatchery as an indicator of microbial ‘health’ in the hatchery.   

The report stated: 
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“It is not uncommon to have counts as high as 1,000,000 CFU/mL of total bacteria (Marine 

agar plates). Anything over that number is unacceptable. 

Vibrio counts (yellow colonies) can be as high as 10,000 CFU/mL in healthy larval tanks. ~ 

Ideally yellow colony counts should be below 1,000 CFU/ml. 

Vibrio counts (blue-green colonies) can be as high as 1,000 CFU/ml. ~ Ideally blue-green 

colony counts [should be] 0 [CFU/mL]. 

Keep in mind that these are maximum numbers that have been reported in tanks of healthy 

larvae. Add a stressful situation such as high ammonia, poor quality algae, etc. and your 

larvae may easily succumb to vibriosis.” 

Typical visual identification of larvae infected with Vibrio are; abnormal swimming, motility 

reduction, extension of the velum and bacterial “swarming” around the larvae and larvae dropping 

to the bottom of the tank (Simonson, 2013). 

Vibrio pathogenesis is categorised into three levels: Pathogenesis I is where larvae are not actively 

swimming, and bacteria can be seen colonizing the mantle. Pathogenesis II is where veliger larvae 

show abnormal swimming behaviour and the extension of the velum. Pathogenesis III is where 

pediveliger larvae become inactive with some damage to the digestive tract and visceral atrophy. 
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Methods 

Water samples were taken from various locations throughout the hatchery. Samples were collected 

into autoclaved test tubes, which were sealed before transfer to the lab for plating onto agar. 

Areas of the hatchery that were sampled are shown in Figure 15.274. 

 

Figure 15.274. Ten main areas sampled for microbiology within the NAFC Marine hatchery 

In the lab, the sample were cleanly transferred into the laminar flow cabinet and an aliquot 

transferred onto TCBS and Marine Agar plates.  Samples were taken with either a sterilised micro-

loop (sterilised by flame) or pipetted and spread with glass spreader.  Plates were incubated at 

approximately 20 – 25 oC for 72 hours before counting colonies. 

With improved technique and experience, the staff have relatively more confidence in the 2018 

data. 

Overall levels 

On average the highest general bacteria CFU’s on MA??? per ml (± std dev) was in the months of July 

(2017) and May (2018) at 1.85 x1008 (3.11 x1008) and 9.38 x1011 (9.20 x1012) respectively. 

The area which had the highest average marine bacteria CFU’s per ml was within the harvested algae 

in 2018 (there was no quantification of algae culture bacteria in 2017 except for 3 samples in July 

and 4 samples in September 2017, only loops to test for bacterial presence).  There was only one 

TCBS sample checked the algal cultures, although the harvested algae were checked regularly. 

The highest average Vibrio CFU’s per ml was found in the spool tanks in 2017 and the IC tanks in 

2018. 
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Overall CFU’s per ml were higher in the 2018 season when compared to the 2017 season, although 

this could be related to a greatly increased sampling effort. 

Although highly variable, all areas demonstrated an average bacterium count over the threshold 

level (1.0 x1006) except for broodstock (2018) and the LRT (2017).  Worryingly, however the system 

and water could be showed to be clean until broodstock were introduced and an upwards trend in 

CFUs ensued. 

The areas that show an acceptable average (below 1000 CFU’s) of CFU’s for Vibrio are within the 

algae cultures (albeit n=1 sample; 2018), post-filtration seawater (2018) and broodstock (2018). 

 

 

 

 

 

Table 15.32. Average CFU's per ml in each area for the 2017 and 2018 season 

Area Average 
bacteria 
(MA) 

Average 
Vibrio 
(TCBS) 

Std dev Min Max n 

Algal cultures (2017) 0.00 x 100  

n/a 

0.00 x 100 

n/a 

0 

n/a 

0 

n/a 

7 

0 

Algal cultures (2018) 3.51 x 1011  

n/a 

5.56 x10-12 

n/a 

0 

n/a 

1 x 1014 

n/a 

979 

0 

Harvested algae 

(2017) 

1.51 x1008  

2.30 x1007 

3.58 x1008 

1.51 x1008 

0 

0 

1 x1009 

1 x1009 

88 

87 

Harvested algae 

(2018) 

6.26 x1011  

1.37x1008 

2.43 x1012 

1.16 x1009 

0 

0 

1 x 1013 

1 x 1010 

96 

73 

IC tanks (2017) 9.78 x1007 

 

 

2.22 x1007 

2.98 x1008 

1.48 x1008 

0 

0 

1 x1009 

1 x1009 

82 

90 

IC tanks (2018) 2.80 x1011  

2.12 x1010 

1.19 x1012 

1.39 x1011 

0 

0 

1 x 1013 

1 x 1012 

75 

101 

Spool tanks (2017) 1.00 x1008  

2.86 x1007 

3.08 x1008 

1.69 x1008 

0 

0 

1 x1009 

1 x1009 

20 

35 

Spool tanks (2018) 2.09x1008  

1.67 x 109 

1.44 x1009 

3.73 x1009 

0 

0 

1 x 1010 

1 x 1010 

24 

24 
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Seawater supply 

(post filtration) 2017 

1.15 x1008  

1.33 x1007 

3.21 x1008 

1.15 x1008 

0 

0 

1 x1009 

1 x1009 

87 

75 

Seawater supply 

(post filtration) 2018 

4.21 x 1010  

1.00 x100 

2.04 x1011 

3.00 x100 

0 

0 

1 x1012 

1 x1001 

9 

10 

       

Broodstock (2018) 1.53 x1003  

5.02 x1002 

2.09 x1003 

9.24 x1002 

5.00 x101 

1.00 x 101 

1 x1014 

2.35 x1003 

2 

5 

LRT (2017) 2.94 x1005 

 

 

1.31 x1003 

4.95 x1005 

1.84 x1003 

0 

0 

1.38 x1006 

4.60 x1003 

10 

14 

LRT (2018) 2.22 x1011  

4.84 x1008 

1.49x1012 

2.15 x1009 

0 

0 

1 x1013 

1 x1010 

45 

62 

 

Bacteria proliferate during the LRT stage, including Vibrio, which are seen to be over 5 x larger than 

threshold values. 

The harvested algae were also a major source of bacteria above the threshold, which is discussed 

further in 7.3. 

Broodstock 

Figure 15.275 indicates that treating broodstock with a solution of sodium hypochlorite significantly 

lowered the CFU’s per ml. However, the data has a low replicate number, and data signifies high 

variability between the samples. 
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Figure 15.275. CFU's per ml between before bleaching (0) (n=2) and after bleaching (1) (n=3). ns=none specified time point 
(n=2) 

CFU levels in the LRT from fertilised eggs produced after the sodium hypochlorite treatment of 

broodstock compared with “non-bleached” or ns. With only one LRT, no CFU data was available 

relating to the 16.05.2017 bleaching of broodstock (used for Figure 15.275) to analyse whether this 

lower bacterial numbers in an LRT in relation to the non-bleached broodstock. 

With the early indications of a positive microbial effect with the sodium hypochlorite treatment, that 

process became standard. 

Investigating 2018 data, Figure 15.276, indicates the total CFUs from the samples taken from the 

relevant tanks for each batch that had the broodstock bleach cleaning or not prior to spawning, 

however the data is likely skewed in that hypochlorite treatment became standard. 
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Figure 15.276. CFU's per ml for each dpf between batches that had broodstock bleached during spawning (y) or not (n). ns=none specified. 
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LRT 

CFU increase during egg and larval incubation 

There was a significant increase in CFU numbers over the first two days (Kruskal-Wallis test= 12.421, 

df=3, p<0.01). At t0 (prior to egg stocking) the average CFU’s per ml (± standard deviation) were 

1,456 (4,632) and significantly higher at t1 (125,038 ± 258,835) and t2 (188,282 ± 316,848) but not at 

t3 (107,653 ± 157,004).  It became standard practice not to incubate larvae into day three as there 

did not appear to be any clear improvement to trochophore development into D-larvae post 2 dpf. 

Figure 15.277 indicates very low levels of bacteria are present at t0 before introduction of the 

fertilised eggs. However, bacteria levels increase dramatically by a magnitude of 8,488% by 1 dpf (t1) 

and 12,831% by 2 dpf (t2). 

 

Figure 15.277. Total general marine bacteria CFU’s per ml on MA within the LRT at different time points; 0=t0 (n=22),1=t1 
(n=43), 2=t2(n=34), 3=t3(n=8). Different letters denote significant difference between time points. 

Growth on MA show low CFU’s at t0 (prior to stocking) but are high at t1 to t3. 

With the aim of having zero growth on TCBS, Figure 15.278 worryingly indicated that Vibrio CFU’s 

are also present in large numbers at t2. 

The CFU peak at t1 would indicate that the bacteria are associated with the input of embryos. The 

majority of MA CFU being the colour cream, with another bacterial type (yellow colonies) increasing 

over time points (Figure 15.279), possibly slower growing. 

TCBS colonies are mostly green, with very few yellow CFU’s observed. 
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Figure 15.278. CFU’s per ml of each media type shown for each time point (0=t0 (n=22),1=t1 (n=43), 2=t2(n=34), 3=t3 
(n=???) within the LRT. 
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Figure 15.279. CFU's per ml per colony colour at each time pointwithin the LRT. 

For future testing, it would have been interesting to monitor bacteria proliferation over several days 

without introduction of larvae. 

Surface sampling in LRT is representative of bacterial loading 

There seems to be little difference in the CFU’s between sample locations (depths) within the LRT 

(Figure 15.280). 

To confirm that the standard method of taking a water samples from the top into an autoclaved test 

tube is representative of microbiological levels elsewhere in tank a non-parametric post hoc 

(Kruskalmc) test was used to check differences in CFU’s per ml between location at each time point 

(excluding t0, as data did not specify location). No difference was found between locations (top, mid, 

and bottom) at t1, t2 and between top and middle at t3 (no data for bottom location). 

Therefore, it is suggested that taking samples from the top is representative in giving an indication of 

the presence of bacteria above a certain level but may not be fully representative of scale. 

At t1, CFUs were higher in the mid and top layers of the LRT, however by 2 dpf there appeared to be 

a pattern of increasing bacterial growth at the tank bottom, possibly reflecting the higher organic 

presence at the bottom of the tank and that the aeration level within of the tank does not create a 

homogenous environment. 
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Figure 15.280. Total general marine bacterial CFU growth on MA per ml in the sample locations of the bottom (n=10), inlet (n=1), mid (n=10), and na (location not specified, n=75) and top 
(n=11) within the LRT take at different time points 0= t0, 1=t1, 2=t2, 3=t3 days post fertilisation. 
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Variance in replicate sampling 

Three samples were plated from the same sample on three separate agar plates showed some variance in CFU numbers.  Table 15.33 shows the variance 

between three samples against each collection number. These numbers have been skewed by several samples producing CFU numbers too many to count 

(i.e., ≥ 1000000, so would have needed dilution prior to plating). 

Table 15.33. Showing variance between n=3 samples taken from the LRT (each collection is comprised of three samples taken from the same location and time point). 

Collection 
# (n=3) 

Mean Median Range Variance SD SE CV Notes 

1 53,666.7 60,000.0 21,000.0 140,000,000 11,846.2 6,839.4 22.1  

2 496,666.7 360,000.0 870,000.0 20,000,000,000 450,814.1 260,277.6 90.8 T1, top of LRT. Two samples similar, then one ∞ 

3 776,666.7 800,000.0 470,000.0 55,600,000,000 235,867.2 136,178.0 30.4 T1, Middle of LRT. Two samples similar, then one 

∞ 

4 183,333.3 80,000.0 310,000.0 32,000,000,000 178,978.6 103,333.3 97.6 T1, bottom of LRT. Two samples the same. 

5 703.3 90.0 1,980.0 1,262,233 1,123.5 648.7 159.7  

6 20.0 0.0 60.0 1,200 34.6 20.0 173.2  

7 83.3 80.0 10.0 33 5.8 3.3 6.9  

8 333,580.0 430.0 999,690.0 333,000,000,000 577,136.7 333,210.0 173.0 T2, top of LRT. Two samples similar, then one ∞ 

9 356.7 290.0 220.0 15,433 124.2 71.7 34.8  

10 666,730.0 1,000,000.0 999,810.0 333,000,000,000 577,240.6 333,270.0 86.6 T2, bottom of LRT. Two samples are ∞ the other 

is lower. 
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Large differences in CFU numbers across replicates may indicate variations in bacteria levels within 

the sample, sampling error or contamination during collection / plating, as shown in #2,3,8 and 10.  

It was also interesting to note the relative similarity in numbers across other replicates. 

However, it would not be practical in a commercial hatchery situation to collect and enumerate 

several agar plates to try and increase the accuracy of a CFU assessment.  The technique for 

plating a single replicate from a sample was thought to give a close enough indication of 

microbiological ‘health’. 

 

Larval Rearing 

Survival and Mortality 

Cleaning appeared to reduce bacterial numbers, or at least reduce the rate of proliferation as might 

be expected from bacterial growth (Figure 15.281). Highest CFU’s were seen later in the larval 

rearing period but may reflect problems with individual batches (cause or effect) of larval mortalities 

i.e., from ≥ 14 dpf. 
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Figure 15.281. General marine bacterial growth (CFU’s per ml on MA) for each day post fertilisation (dpf) for all 2018 batches within the LRT and IC tanks. 
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Figure 15.282 and Figure 15.283 indicated there was no clear pattern of mass mortality on any 

particular day but the figure is too complex to identify any patterns within the batches. 

Losses, referred to here as “mortality rate”, but would also include losses due to grading (mortality 

% from previous sample number*) also indicated a high degree of variability between batches. 

Interesting to note that the batch is often has a mortality % of ~25% from the previous day’s total 

population every other day Figure 15.284. 

 

 

Figure 15.282. Survival (%) of larvae for each 2018 batch. A= 1909; B= 0304; C= 0105: D= 1505; E= 1905; F= 2205; G= 1406; 
H= 2006. 
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Figure 15.283. Survival (%) of larvae for 2017 (left) and 2018 (right) batches. Note the starting point is from dpf 3. Batch 
dates are as follows [yymmdd]: A= 170426; B= 170509; C= 170516: D= 170524; E= 170530; F= 170606; G= 170801; H= 
170822; I= 170920; J= 180319; K= 180515; L= 180519; M= 180522; N= 180614; O= 180620; P= 180627; Q= 180710; R= 

180711; S= 180718. 

 

 

Figure 15.284.Mortality rate (%) of each 2018 batch from the previous days population number.  A= 1909; B= 0304; C= 
0105: D= 1505; E= 1905; F= 2205; G= 1406; H= 2006. 

 

Initial high losses (mortality + grading) within the first 6 days (Figure 15.285) have a massive impact 

on overall larval numbers. After day 6, mortality rate remains below 20% (except for day 10 and day 

20). After day 21 mortality remains low, although this could be associated with the low number of 

replicates. 
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Figure 15.285. Averaged mortality rate (%) from previous day ± SEM. dpf= days post fertilisation. 

 

Figure 15.286 shows a weak correlation between increasing TCBS and MA CFU’s and lowering % 

larval survival (Spearman Rank, r=-0.164 & -0.050, df=210, P <0.05 & >0.05 respectively). 

 

 

Figure 15.286. Correlations and linear plots between % larval survival and TCBS (A) and MA (B) CFU’s per ml. 

Figure 15.287 shows no significant difference (Kruskal-Wallis, P>0.05) in % survival categories 

according to % threshold CFU’s, however there could be some indication that if the combined CFU 

threshold is above 50% it could incur survival to be lower than 25%, or vice versa in that if the larval 

survival is lower than 25% this may cause an increase in CFU’s.  
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Figure 15.287.Comparison sum of the % threshold CFU’s per ml (TCBS & MA) between survival % categories.  
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IC tanks 

 

The average mortality per IC tank is shown in Table 15.34. Average mortality and variance were 

highest in IC1 and lowest in IC3. 

Is this due to something about the position of the tank? Is there an effect of light on the algae, and 

could this be tested with using the Seneye devices? 

Not clear pattern emerging in relation to the microbiology samples? Average mortality rate highest 

in IC1, MA yellow highest in IC2, MA cream highest in IC4, TCBS Yellow highest in IC1, TCBS green 

highest in IC3. Overall, all ICS had large numbers of TCBS green CFU’s which is over the threshold. 

Could it be that the yellow TCBS is most harmful to Mytilus edulis? 
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Table 15.34. Comparing mortality and microbiology between IC tanks 

Tank 

Average 
Mortality 
Rate 
(± SD) 

Sum of 
Mortality 

N 
(Mortality 
rate) 

 

Average MA 
Yellow 
CFU’s/ml 
(± SD) 

Average MA 
Cream 
CFU’s/ml 
(± SD -10x6) 

Average 
TCBS Yellow 
CFU’s/ml 
(± SD) 

Average 
TCBS Green 
CFU’s/ml 
(± SD -10x6) 

Total CFU’s 
per ml 
(-10x6) 

N 
(Microbiology 
samples) 

IC1 
23.17 

(11.89) 
509.64 22 

 1,243 

(4,890) 

589,408 

(2.29) 

45 

(227) 

811,296 

(2.77) 

5.19 
37 

IC2 
20.75 

(13.34) 
477.32 23 

 4,175 

(16,056) 

892,493 

(2.84) 

7 

(33) 

436,720 

(2.06) 

6.12 
46 

IC3 
17.89 

(09.43) 
411.57 23 

 1,457 

(4,054) 

452,217 

(2.06) 

7 

(22) 

1,305,511 

(3.40) 

8.09 
46 

IC4 
21.80 

(14.40) 
436.08 20 

 1,105 

(3,462) 

1,069,789 

(3.15) 

3 

(9) 

526,978 

(2.29) 

3.03 
19 

IC5 
17.94 

(09.69) 
305.04 17 

 1,179 

(3,378) 

745,143 

(2.62) 

1 

(6) 

1,428,987 

(3.56) 

6.09 
28 

 

 

*Mortality rate % per sample day = 100 x (tx-1 – tx) / tx / d 

Where t = day, d = numbers of days between samples 
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Patterns over the larval seasons 

 

Figure 15.288 shows the overall total CFU’s and larvae over the 2018 season (to date [26.06.2018]). 

There seems to be a pattern of increasing CFU’s when total larvae numbers exceed 2 x1007. 

 

Figure 15.288. Total CFU's per ml (both MA and TCBS combined) and total larvae number (million) over the 2018 larval 
season 

 

Figure 15.289 tries to examine correlation between declining numbers of larvae and total CFU’s? 

There seems to show a slight correlation of increasing CFU’s and lowering larval numbers, although 

this may have skewed by data showing an increase in larval number (spawning days). 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and 
A Hatchery Manual 

 

Section 15 - Financial considerations for a commercial mussel hatchery – a ten-year business plan 
  Page 378 

 

 

Figure 15.289. Log average difference in CFU's per ml (MA and TCBS combined) from previous day and log difference in 
total number of larvae (millions) from previous day. Red line = linear regression line. Solid black lines = zero difference. 

 

Is this associated with the larvae / spawning activities / increased algae production and harvesting? 

Therefore, Figure 15.290 tries to elucidate the proportion of each CFU peak. The findings suggest that 

MA (bacteria) within the harvested algae compromised a large proportion in the majority of the 

peaks. Vibrio is shown at a lower proportion except for ~04/08/2018 which it remains a large 

proportion thereon. 
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Figure 15.290. Average CFU's per ml (MA and TCBS combined) and total number of larvae (millions) over the 2018 year. The 
pie charts are shown at each CFU peaks to inidcate proportional sources of bacteria. 

 

Could indicate re-infection from equipment/ tanks etc?  

Figure 15.291, Figure 15.292 and Figure 15.293 indicate elevated general bacterial loading in algal 

feeds transfers directly to elevated general bacterial loading in IC tanks. 

It would be helpful to explore effects on culture water in an IC by pumping algae into an IC setup, 

running, and treated in the same way as another IC but with no larvae in. 

TCBS yellow CFUs values seem to be under the threshold values (except for a few instances in early 

2017). There does not seem to be a pattern of any crossover of the harvested algae into the IC’s. 

TCBS green CFU values seem to originate within the ICs and likely to come from broodstock as seen 

in the LRT CFU proliferation rather than from harvested algae. 
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Figure 15.291. Total bacteria (MA) CFU's per day over 2017 and 2018 seasons between harvested algae (H.A) and the larval 
tanks (IC) 

 

Figure 15.292. Total TCBS Yellow CFU's per day over 2017 and 2018 seasons between harvested algae (H.A) and the larval 
tanks (IC). Capped at 10,000 thresholds. 
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Figure 15.293.  Total TCBS Green CFU's per day over 2017 and 2018 seasons between harvested algae (H.A) and the larval 
tanks (IC). Capped at 1,000 threshold. 

Figure 15.294 indicates a possible pattern of succession between the bacterial colonies. High 

numbers are shown in the following succession: TCBS Green and /or MA cream –> TCBS Yellow –> 

MA Yellow. 

MA Cream and TCBS Yellow could be linked with the high loss in larval number seen in the figures. 
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Figure 15.294. Total CFU’s per ml on MA or TCBS (refer to graph legend) and the total number of larvae over the 2018 larval 
season. 

 

Figure 15.295 and Figure 15.296 indicate the total CFU’s with total larval number with added key 

points such as spawning and LRT dropping. Both activities (spawning and LRT dropping) do seem to 

show a pattern of increased total CFU’s.  
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Figure 15.295. Average CFU's per ml (MA and TCBS combined) and total number of larvae (millions) with dashed vertical 
lines to indicate days on which spawning occurred. 

 

 

 

 

Figure 15.296. Average CFU's per ml (MA and TCBS combined) and total number of larvae (millions) with dashed vertical 
lines to indicate days on which the LRT was dropped, and the D larvae were collected. 

 

Level of virulence to Mytilus edulis 

The following figures indicate any patterns associated with the threshold levels and levels of 

mortality to the population from the previous days number and total survival for each batch. 
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Figure 15.297 % larval mortality and Figure 15.298 % larval survival indicate bacteria levels are 

related to changes in larvae numbers.  It cannot be determined whether increased bacterial levels 

are a cause or and effect of the decreased larval numbers. 

 

Figure 15.297. % of the bacterial (MA) threshold value (1,000,000 CFU’s per ml) and % larval mortality rate over the 2018 
season. 

 

Figure 15.298. % of the bacterial (MA) threshold value (1,000,000 CFU’s per ml) and % larval survival over the 2018 season. 

Figure 15.299 and Figure 15.300 indicate TCBS yellow levels. Only a peak at around 14% of the 

threshold value. Although the threshold values for M. edulis may be different. 
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Figure 15.299. % of the Vibrio yellow (TCBS) threshold value (10,000, CFU’s per ml) and % larval mortality rate over the 
2018 season. 

 

 

Figure 15.300. % of the Vibrio yellow (TCBS) threshold value (10,000, CFU’s per ml) and % larval survival over the 2018 
season. 

 

Figure 15.301 and Figure 15.302indicate TCBS green-coloured CFU levels against larval mortality and 

survival, respectively.  Spikes in bacteria numbers coincide with reduced larval numbers.  Again, it is 

not possible to conclude if these were a cause or effect of the mortalities. 
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Figure 15.301. % of the Vibrio green (TCBS) threshold value (1,000, CFU’s per ml) and % larval mortality rate over the 2018 
season. 

 

Figure 15.302. % of the Vibrio green (TCBS) threshold value (1,000, CFU’s per ml) and % larval survival over the 2018 season. 

 

Predicting Successful Batches 

Based on survival data (2017 & 2018; Figure 15.303). The following criteria could be applied to 

future larval cohorts.  The numbers of larvae at the end of the IC stage are approximately 50 million 

larvae are required at settlement stage for a successful transfer to the spool tanks (8 million per tank 

x 6 spool tanks). 
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During the project much lower numbers survived to that stage, so the following can be used as a 

useful measure as to guide when a batch should be discarded early and whether incremental 

improvements to survival are being made. 

No batch made it to the spool if more than 50 million larvae had not survived at days 3-5. Therefore, 

if there is a low return from the LRT drop (< 250 million – 50 million per five IC tanks) it may be more 

beneficial to dump the batch. 

The average for the successful batches was greatly increased by including data from the last batch 

(180718: yymmdd). However, if 180718 is removed from the data analysis, the average larval count 

between the two groups is close at dpf 10 – 15, i.e., ~ 2 million larvae. The groups then greatly differ 

at dpf 16, also seen in Figure 15.303. indicating that as a period that may require modifications to 

protocol. 

Table 15.35 Proposed threshold values relating to the minimum number of larvae (millions) at specific days (dpf). 

Threshold number of larvae 

1. ≥ 50 million larvae @ dpf.3-5 
2. > 25 million larvae @ dpf.6-14 
3. > 21 million larvae @ dpf.15-16 
4. > 10 million larvae @ dpf.17-18 
5. > 5 million larvae @ dpf.19 onwards 

 

 

Figure 15.303. Comparison of the average number of larvae (millions) per day (dpf) between successful (larvae that were 
transferred to settlement tanks) and failed batches (high mortality and or not enough numbers to stock) (error bars denote 

SEM). Threshold values are also shown related to Table 15.35 

 

Egg / Larval number and CFU correlations 
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Spearman-Rank correaltion indicates there is a negligable negative association between total TCBS 

CFUs /ml and the total number of larvae (including embryos) r = -0.131, df=168). (B) shows there 

may be a ploynomial regression. 

A weak positive correaltion was found between total MA CFU’s per ml and total number of larvae 

(Spearman-Rank, r = 0.111, df= 168; Figure 15.304 D-F). 

 

 

Figure 15.304. (A) Weak correlation between total TCBS CFU per ml and total egg / larvae number per day. (B) same as (A) 
but with transformed data. (C) same as (A) but as a boxplot and larvae number divided between three categories. (D) Weak 
correlation between total MA CFU per ml and total egg / larvae number per day. (E) same as (D) but with transformed data. 

(F) same as (D) but as a boxplot and larvae number divided between three categories. 

Algae and CFU’s 

There were significant positive correlations between the amount of algae delivered to the IC tanks 

and the number of CFU’s for both TCBS (2018 season) and MA (2017 season) (Figure 15.305 and 

Table 15.36). 
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Figure 15.305. Correlations between total amount of algae delivered (litres) into the IC tanks over 24 hours and the number 
of CFU’s per ml for TCBS (A-C) and MA (D-F). Graphs show the 2017 season (A & D) the 2018 season (B & E) and both 

seasons combined (C & F). 
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Figure 15.306.Sum of the % threshold of both TCBS and MA and the total amount of algae delivered to the IC tank. 

 

Table 15.36.Correlation and linear regression data in conjunction with Figure 15.305. 

Letter r 

Correlation 

level of 

significance 

(spearman) 

Intercept and coefficient 

(litres) 
R2 

Linear 

regression 

level of 

significance 

A 0.12 ns 1849.343 x -4.332 -0.02618 ns 

B 0.43 <0.001 947.23 x 4.97 0.07014 <0.01 

C 0.37 <0.001 1170.223 x 4.438 0.05595 <0.01 

D 0.51 <0.001 53881.00 x 5703.00 0.1859 <0.01 

E 0.17 ns 206719.558 x -5.806 -0.0104 ns 

F 0.22 <0.05 257184.29 x -89.28 -0.004989 ns 

G 0.31 <0.001 37.42066 x 0.03545 0.007027 ns 

 

Recommendations 

Presence of bacteria is inevitable in larviculture; however, much effort should be placed on reducing 

or eliminating conditions that support rapid microbial proliferation such as though ensuring high 

hygiene standards, biosecurity, routine disinfection, and careful stock management. 
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Potential microbial high-risk locations within the NAFC Marine Hatchery are as follows: 

• Supply pipework system (pipes, valves, fittings, etc.).  Several dead ends in the supply 

pipework are more difficult to physically clean.  These were present due to repurposing the 

tank room from previous configurations.  The scope to reconfigure was restricted through 

budget limitations and associated period of shutdown and commitment to ongoing need. 

• Automatic pipettes (tips were autoclaved routinely during the project but only laterally were 

the pipettors also autoclaved) 

• IC tank cone and outlets (often site of larval dropouts) 

• Any areas of broodstock storage and handling 

• Mesh grading screens 

• Banjo filters 

• Dosing pumps 

• Algae feed tubing 

• Floor and floor drains 

• Air conditioning units 

• Equipment – buckets, beakers etc. 

• Areas with potential human contact – doors, valve handles, etc. - and PPE (boots, overalls, 

safety glasses, etc.) 

Vibrio’s in particular are known to be potentially pathogenic to bivalve larvae and several treatments 

to reduce levels have been (e.g. Dubert et al., 2017) trialled and are listed in Table. 

 

Seawater supply 

There appeared to be minimal bacterial contamination through the seawater supply.  However, care 

must be taken to exchange bag filters daily as well as the primary and secondary filters, header tank 

and pipework.  Cleaning of pipework and circulation of disinfectant should be carried out routinely. 

It would be beneficial to have several dedicated water-sampling ports throughout the water supply 

pipe system and these used to monitor for potential microbial build-up. 

 

Broodstock 

With seawater and facility bacterial levels low until larval stocking, additional methods to reduce the 

microbial contamination effects from broodstock need to be investigated and implemented.  

Relatively low levels proliferate quickly in the intensive system. 
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It is expected that conditioning and deputation of broodstock with prior testing before spawning 

would be beneficial. 

 

Algae culture 

Dubert et al., (2015) showed that microalgae constituted as an important source of bacterial 

contamination.  With algae possibly being mixed and stored as they go into stationary phase this 

favours bacterial growth due to higher levels of metabolites, senescent algae organic loading. It is 

recommended that algae are not stored for long periods of time, and it may be beneficial to adjust 

continuous harvesting to rapid harvesting. 

Dubert et al., (2015) also indicates that the pasteurization may also be a source of Vibrio despite 

them being in low detectable levels but when transferred to an environment that is favourable (high 

nutrient levels, lower number of other bacterial species) the abundance then proliferates.   Some 

relatively high levels of sporulating bacteria were also identified in algal cultures during this project 

which were likely resistant to pasteurisation and steam sterilisation.  Although there was some 

thought that any thermo-resistant bacteria would not perform well at room temperature and likely 

be outcompeted.  In a commercial situation, it would have likely been advantageous to empty the 

SeaCAPS system, deep clean and restart with clean/axenic algal samples.  It was good that no vibrio 

was detected in algae until it was dropped down to the larval cultivation area 

 

DesA tolerable bacterial concentration should be identified for the harvested algae 

A revision of the microbial requisition from and methodology that highlighted tanks/areas/cultures 

that have shown positive bacterial growth (especially on TCBS) should be done. 

- The source of contamination 

- The cleaning measures applied 

- When to re-sample to identify if corrective measures have worked 

- Communications and conclusions 

 

Sampling procedure 

A revision of microbial requisition and general sampling procedures should also include a method for 

identifying samples as that would help with later data handling, manipulation, and interpretation.  A 

more rigorous regime (time/place/frequency) would also help to identify trends. 

It may be helpful to investigate microbial levels on surfaces and equipment sampling from swabs. 

Potential future microbial investigations include. 

- How effective is pipe cleaning and is the frequency of cleaning satisfactory at abating 

microbial growth? 
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- Modelling of % survival (from dpf 2) with. 

▪ Number of each CFUs 

▪ Stocking densities – Md50% (mortality day) 

- How does routine cleaning and periodic deep cleaning and effect microbial levels on 

equipment such as dosing pumps? 

 

 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A Hatchery Manual 

 

Section 15 - Financial considerations for a commercial mussel hatchery – a ten-year business plan   Page 394 
 

 

Table 15.37. List of treatments mentioned in the literature to reduce bacteria and vibrio within bivalve hatcheries. 

Treatment Description Application to Stepping Stone Hatchery Reference 

Ozone / Chlorination The addition of ozone to the incoming 
seawater. Can be complex, costly, and 
harmful to culture species if not monitored 
correctly. 
 
Chlorination can cause interference in the 
larval mechanism of pumping (Vasconcelos 
and Lee, 1972) or the reactivity with organic 
nitrogen in the water that can produce toxic 
residues for marine organisms (Jorquera et 
al., 2002). 

Ozone seems unfeasible for the flow-through 
set up at the NAFC. 
 
Chlorination presently being carried out with 
flushing. 

(Dubert et al., 2017) 
 
Vasconcelos, G.J., Lee, J.S., 
1972. Microbial flora of Pacific 
oysters (Crassostrea gigas) 
subjected to ultraviolet-
irradiated seawater. Appl. 
Microbiol. 23, 11–16 
 
Jorquera, M.A., Valencia, G., 
Eguchi, M., Katayose, M., 
Riquelme, C., 2002. Disinfection 
of seawater for hatchery 
aquaculture systems using 
electrolytic water treatment. 
Aquaculture 207, 213–224. 
 
 

Antibiotics Florfenicol, erythromycin, oxalinic acid and 
chloramphenicol have been used in bivalve 
hatcheries to improve survival. 

Chloramphenicol is banned for use with 
animals raised for human consumption in 
Europe. 
 
Risk of developing resistant bacteria within 
the hatchery and local aquatic environment. 
 
Not the image wanted with the local mussel 
farming industry nor for the NAFC hatchery. 

(Dubert et al., 2017) 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and A Hatchery Manual 

 

Section 15 - Financial considerations for a commercial mussel hatchery – a ten-year business plan   Page 395 
 

However, would it be prudent to try one batch 
with antibiotics to identify survival rates 
without pathogenic bacteria? 

Probiotics The isolates of Phaeobacter gallaeciensis 
(formerly Roseobacter gallaeciensis) and P. 
inhibens show a great spectrum of in vitro 
inhibition against pathogenic bacteria. It 
seems important that the addition of the 
probiotic is added before proliferation of 
vibrio. 
 
Prado et al., (2010) gives a review on some 
probiotics used in bivalve hatcheries, 
although none include Mytilus Spp. 

Trials carried out within commercially 
available Probiotic in SAIChatch. Results were 
inconclusive and possibly point towards the 
need of a bespoke probiotic profile suited to 
the facility. 

(Dubert et al., 2017) 
 
 
 
 
 
 
 
(Prado et al., 2010) 

Quorum Quenching 
(QQ) 

Quorum sensing inhibitors disrupt the 
detection of signal molecules of virulence 
gene expression vibrios in response to cell 
population density via cell-to-cell signalling. 

Would need further study and identification of 
the correct bacteria. 

(Dubert et al., 2017) 

Phage therapy Infection of certain target strains (bacteria). The target bacterium would need to be 
identified. Possible results from Stirling (last 
year’s samples) could be used to further this 
development? 

(Dubert et al., 2017) 

Lower degree of 
filtration 

Chilean scallop larvae had higher survival 
rates when reared on the largest filtered 
water at 5.0 µm compared to 1.2 and 0.2 µm. 
The water contained particles and bacterial 
aggregates. 

 Riquelme, C., Araya, R., 
Vergara, N., Rojas, A., Guaita, 
M., Candia, M., 1997. Potential 
probiotic strain in the culture 
of the Chilean scallop 
Argopecten purpuratus 
(Lamarck, 1819). Aquaculture 
154, 17–26. 
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EDTA / Ovoglobulins Treatment of Vibrio infected cultures with 
metalloprotease inhibitors such as EDTA and 
Ovoglobulins have previously been successful 
at improving survival of C. gigas larvae 
(Takahashi et al. 2000; Hasegawa et al. 2008; 
Hasegawa et al. 2009). It is suggested that 
research in this area on O. edulis larvae might 
lead to fruitful results. (Simonson, 2013). 
 

Already use EDTA in the LRT tank, could we 
trial it in one of the IC’s? 

(Simonson, 2013). 
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Version Person Comment Comment Resolved 

v.3 BS Add algal blooms 

data and correlate 

to broodstock CFU, 

larval survival 

Awaiting 

broodstock 

procurement 

information (no 

data in the 

movement book for 

some of the latest 

batches). 

N 

v.3 GA Is there a pattern 

of survival that 

would enable 

prediction of a 

successful batch 

(making it to the 

spool tanks) 

Chapter 0 

Predicting 

Successful Batches 

has been added. 

 

% survival was not 

tested as there 

were so many 

irregularities with 

increasing survival 

% that It would 

have made it 

difficult to tell the 

two “treatments” 

apart. 

Y 

v.3 GA Look at survival 

and mortality 

figures starting at 

dpf 2 (stocking of 

IC) (related to 

Figure 6.2). 

New survival figures 

have been inserted 

including 2017 and 

2018 updated data. 

 

Figure 6.6. was also 

redone with the 

new batch data 

from 2017 and 

2018. 

Y 

v.3 GA Is there a 

correlation of egg 

number and larvae 

number and CFU 

levels 

Data reanalysed 

with new. Chapter 

8 added with 

figures. No 

significant 

correlations. Too 

Y 
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much variability in 

the data. 

v.3 GA Confirm with RQ 

whether the 

multiple LRT 

samples were one 

sample spread, or 

three separate 

samples. 

Email sent to RQ 

(28.08.2018). 

The three plates 

were inoculated 

from one same. 

Which would 

further indicate 

there may be the 

possibility of cross 

contamination? 

Y 

v.3 GA Is there pattern / 

correlation of TCBS 

and the number of 

algae being fed? 

(Related to figure 

6.1, 6.6) 

Chapter 9 included. 

Generally, yes, a 

correlation of 

increased CFU’s 

with increased algal 

delivery to the IC 

tanks. 

Y 

v.3 GA Is there correlation 

of survival % and 

CFU #? 

Added to chapter 6. Y 
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Appendix 14.  Algal Toxins Literature Review 
A REPORT BY DANIEL COWING 

Introduction 

Toxins produced by algae (usually during algal blooms) are caused by several groups of organisms 

such as: diatoms, dinoflagellates, raphidophytes, prymnesiophytes, cyanobacteria, pelagophytes, 

and silicoflagellates (Basti et al., 2015), and the number of species identified that can produce 

harmful toxins is continuously increasing due to the increased monitoring programmes (Table 

15.38). 

Several toxins are associated with a harmful effect on humans after their consumption, and include 

paralytic shellfish poisoning (PSP), diarrhetic shellfish poisoning (DSP) and neurotoxic shellfish 

poisoning (NSP). 

Several algal species that have tested positive for toxins include: Dinophysis spp., Prorocentrum 

micans, Gonyaulax iamarensis, Protogonyaulax tamarensis,  Gonyaulax acatenella, Gonyaulax 

catenella, Gonyaulax excavate, Alexandrium spp., Gymnodinium catenatum,  Gyrodinium aureolum, 

Aureococcus anophagefferens, Chrysochromulina polylepis, Nitzschia pungens, Phaeocystis pouchetii 

(Shumawy, 1990). 

The biotoxins are accumulated in bivalves via filtration, at a rate that is greater than it can be 

expelled from the individual. 

Table 15.38. List of species, and their compounds associated to each type of poisoning. 

POISONING SPECIES ASSOCIATED TOXINS PRODUCED 

PSP Alexandrium spp. 
Gymnodium spp. 
Pyrodinium spp 

Saxitoxins 

DSP The dinoflagellates of the 
genus Dinophysis and 
Prorocentrum 

Okadaic acid (OA), 
Dinophysis toxin -1 
(DTX-1) and DTX-2 

ASP The diatom Pseudo-
nitzschia spp., Nitzschia 
navis-varingica, 
Amphora coffeaiformis 

Domoic acid 

NSP The dinoflagellate 
Gymnodinium breve, 
Karenia brevis, 
Chattonella spp. 

Brevetoxins 

AZP The dinoflagellate 
Protoceratum crassipes 

Azaspiracids 

 

Due to their position at the top of the water column in the photic zone, mussels that grown via rope 

culture methods have a tendency to accumulate higher levels of toxins compared to mussels 

cultured on the bottom (Shumawy, 1990). 
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Phytoplankton blooms can also release organics that can influence bacterial growth and density. 

These bacteria can act as growth enhancers or inhibitors for other species (Connell et al., 1997). For 

example, DOC concentrations increase due to algal blooms (increasing with age and density of algal 

culture) that can pass through hatchery filtration systems (Connell et al., 1997). Specific bacteria 

associated with bivalve species, can efficiently use the algal exudate. However not all bacteria 

species are harmful.  Removing or lowering bacterial growth and density of bacteria groups, was 

shown to be detrimental to larval growth in oysters (Connell et al., 1997). 

Harmful algal toxins around Shetland 

Below is a list provided indicating algal blooms around Shetland in 2017. However, there may be 

additional algal species that were not monitored for. 

Dinophysis spp. were present in >37% of samples across Scotland, being detected as early as 

January, and over trigger levels in March (2017).  Blooms were recorded around Shetland between 

June and August 2017 (Coates et al., 2018). 

Alexandrium spp. was detected in 2017 but in relatively low levels around Shetland (Coates et al., 

2018). However, warning levels have been given for 2018 (SAMS, 2018). 

Pseudo-nitzschia spp. abundance was above trigger levels in March, April and July 2017, possibly due 

to upwelling conditions (Coates et al., 2018). 

Prorocentrum cordatum had high concentrations of 1,126,073 cells/L in Aith Voe and 463,514 cell/L 

in Vementry South in June 2017, however no trigger level has been set for this species (Coates et al., 

2018). 

Indeed, embryonic, and larval stages are extremely vulnerable to changes in water quality and as 

such, often used as toxic indicators (i.e., bioassay). 

 

Examples of algae causing spawning issues 

Toxins can reduce biomass in shellfish species. Toxins accumulated from Dinophysis spp., for 

example, are mainly accumulated in the digestive gland and not in the gonads (Reguera et al., 2014). 

However, no biomass loss occurs in the digestive organs but rather from the gonads, potentially 

increasing the concentration of toxins and reducing the fecundity within the individual (Reguera et 

al., 2014). 

Rolton et al. (2015) indicates that fertilisation success (%) of Crassostrea virginica (eastern oyster) 

was reduced following exposure to Karenia brevis at two different concentrations and whole-cell 

and filtrate preparations. Sperm viability (% of live cells) was also reduced following exposure. 

 

Examples of algae causing embryo development issues 

A range of harmful dinoflagellates have shown to impact upon embryo and larval development. 

Karenia mikimotoi and Alexandrium spp produced lytic activity during cleavage and reduced 

hatching in Japanese pearl oysters and M. edulis (Basti et al., 2015). Alexandrium spp produce 

saxitoxins (STX) which are known to cause development abnormalities, spirolides (SPX) and/or 

goniodomins which have shown to have cytolytic effects on mussel eggs (De Rijcke et al., 2016). The 
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hatching rate of the scallop, Chlamys farreri was reduced to 30% compared to the controlled 

treatments when the eggs were exposed to Alexandrium tamarense, and high mortality was seen 

after 6-days of exposure, indicating an adverse effect during early developmental stages (Yan et al., 

2001). 

It was similarly found that sea urchin embryos are negatively impacted by several algal species 

including Fucus vesiculosus, Stypopodium zonale and Heterosigma carterae, which have been shown 

to produce a compound that inhibits first cell division, blocks cytokinesis (cell division), inhibits 

fertilisation and causes malformation in later larval development (Branham, 1963; Connell et al., 

1997; O’Brien et al., 1989). In contrast, H. carterae enhanced fertilisation in starfish, showing each 

compound may be species specific in how it impacts upon development. 

Okadaic acid (OA), which is associated with Dinophysis spp blooms, has shown to inhibit up to 50% 

protein phosphatases, which is responsible for regulating gene transcription, cytoskeletal structure, 

signal transduction, cellular movement, protein stability, cell-cycle progression and apoptosis, all of 

which is important for embryonic development (De Rijcke et al., 2015). For example, it was shown 

that during starfish embryo mitosis, OA toxins prevented the reformation of nuclear envelopes 

(Picard et al., 1989). 

Chrysochromulina polylepis is acutely toxic to eggs and larvae of Mytilus edulis, completely inhibiting 

fertilization of the ova and successful development of embryos (Shumawy, 1990). 

 

Examples of algae causing larval development issues 

Protoceratium reticulatum, Alexandrium minutum, Alexandrium ostenfeldii, Prorocentrum lima, 

Prorocentrum micans, Scrippsiella trochoidea algae species all had an adverse effect on larval 

survival, most likely due to cytoytic properties of the algae and their extracellular toxins (Van Acker, 

2015). Larval survival of Crassostrea gigas was reduced in the presence of G. aureolum cells; 

however, mussels tested for toxicity during the same period presented no health hazard (Shumawy, 

1990). D-larval activity has shown to decrease post-exposure to Alexandrium spp and Karenia 

mikimotoi having a detrimental impact during the pre-settlement stage (Basti et al., 2015). 

There was higher larval mortality (78.4%) and lower growth (0.3 mm day-1) in eastern oyster larvae 

exposed to Karenia brevis compared to larvae within the control treatment (no exposure; 14.7%; 1.3 

mm day-1), even when exposed post-fertilisation. The lower growth between the treatments could 

be attributed to lower feeding rates of the larvae within the exposed treatments (5.65%) compared 

to controls (85.65%) (Rolton et al., 2015). Indeed, an ectocrine produced from H. carterae caused 

reduced filter feeding M. edulis (Ward and Targett, 1989). In addition, larvae that are exposed to 

toxins pre-fertilisation have shown to have a higher percentage of larval shell deformities than 

larvae not exposed (Rolton et al., 2015). 

Phenoloxidase activity (PO), a immunological compound whose function is associated with 

antibacterial infestations, is affected by toxic algae and therefore there are questions regarding the 

larva’s future susceptibility to pathogens (De Rijcke et al., 2016). An important aspect considering 

the anticipated stress encountered during high-density culture in the hatchery and transportation to 

farm sites and a new environment. 

Rijcke et al (2016) recently indicated that toxic algae and pathogenic bacteria were not synergistic on 

how they act upon larval development and their viability, but rather both acted independently. 
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Potential Management Tools 

 

Real-time Algal Assessment 

Real-time or regular monitoring of algal prevalence could allow hatcheries to select broodstock from 

sites that have least possible amount of (known) algal toxins. 

Current methods via in-situ sampling and remote sensory image processing may be limited in 

detecting low biomass or under-surface blooms and would need to be more targeted to specific 

areas where broodstock are to be collected. 

The Shetland bulletin provided by SAMS and Cefas (funded by EMFF and Scottish Government) 

summarise weekly trends and forecasts in relation to specific algae species (Alexandrium, 

Dinophysis, Pseudo-nitzschia, Prorocentrum lima). 

The procurement of broodstock in relation to data relating to recent algal blooms could provide a 

key management tool in mitigating against potential lower spawning success and later larval 

deformities. Holding and feeding potential broodstock in filtered and UV disinfected seawater for 

several weeks prior to spawning could help the broodstock expel and/or eliminate toxins whilst also 

helping condition the stock for spawning (i.e., provision of adequate high-quality nutrition for 

deposition in gametes and/or promotion of gametogenesis). 

The length of time required to condition and depurate mussels varies greatly between toxins and is 

dependant not only on the size and physiological condition of the individual but upon the duration 

of toxin exposure, indicating that long-term exposure takes longer to eliminate from the tissue 

(Svensson, 2003). There are several pathways for the elimination of toxins: excretion across the gills, 

excretion via faecal matter from the digestive system and egg deposition. 

In addition, the rate of toxin elimination is dependent upon the site of storage within the mussel, for 

example, if the toxin(s) are stored within the digestive tract then it is eliminated in less time 

compared to toxins bound in tissues (Shumawy, 1990). 

 

 

(Shumawy, 1990) 
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Broodstock Holding 

Several broodstock system are presented in the table below that indicates typical setup and 

broodstock containment systems for mussel hatcheries. 

Depending upon the species, some bivalve hatcheries do not filter the incoming seawater for 

broodstock conditioning, as this provides some background algal food and reduces running costs. 

Various seawater flow rates are given, but Helm et al. (2004) indicates that this should be above 25 

ml per adult, with a stocking density of no more than 5kg (live weight) per 150L tank. In addition, 

broodstock should be housed in an area of the hatchery that has minimal disturbance, vibration, 

sudden light changes, increased water flow and changes to food as these individually or in 

combination may induce spawning. 

Hatchery-conditioned broodstock can produce significantly higher percentage of spawned 

individuals than broodstock taken directly from the wild during the winter and early spring months 

(Domínguez et al., 2010) and manipulation of temperature and feeding regimes can be used to 

extend the short spawning season. 

To maintain ripened broodstock within the months of late March to September the “cold and hold” 

technique is commonly adopted, where the temperature is lowered to ~6  Cͦ (for M. edulis) and the 

potential broodstock fed on minimal or an irregular live algal diet (Kamermans et al., 2013). Egg 

quality normally declines after September. 

Mussels only spawn in the wild at PEI when seawater temperatures are above 12 °C (temperatures 

can get up to 26 °C and mortalities have been observed as a result).  Mussels were recently held at 

10 °C for extended periods without spawning if the operators were careful not to change 

temperature, light or flow rates (Jeff Davidson, pers. comm.). 

Broodstock can be conditioned between the winter months and early spring by the “heat and treat” 

methods, where the broodstock are subjected to a gradual temperature rise and a provision of a live 

algal diet usually over a 6-10 week period (Kamermans et al., 2013). However, extra husbandry is 

required as the potential for disease outbreaks can occur if epibiota and dead algae are not cleaned 

regularly (Kamermans et al., 2013). It is usual for hatcheries to scrub the shells of the broodstock and 

remove epifaunal organisms before placing them into the holding tanks (Helm et al., 2004). Some 

species of mussel are held suspended within tanks, to support them off the bottom of the tank 

(Helm et al., 2004). 

At the recent PEI experiments, the broodstock were fed for 1 month prior to spawning, then 

removed from the water for 3 hours and heat shocked at 24 °C and gave reasonable fecundities of 6 

million eggs per female. 

The feed quality and quantity need further investigation as poor nutrition can lead to lowered 

spawning success and an increase of abnormal D-larvae development (Bayne et al., 1978). The 

nutritional analysis of diets have been tested with diatom rich diets resulting in sufficient number of 

spawning and larval size (Pronker et al., 2008). Spawning success was comparative to formulated 

feeds which were richer in polyunsaturated fatty acids (PUFAs) but poorer in saturated fatty acids 

(SFAs) when compared to an algal mixture (Nevejan et al., 2008). 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and 
A Hatchery Manual 

 

Page 406 

 

A starting point for holding a captive broodstock is a period of around two with a stable holding 

temperature that is low enough to prevent spawning (to be determined, possibly < 9 °C for Shetland 

stocks) and with provision of daily algal feeding.  It is expected this may reduce bacteria levels, purge 

potential harmful toxins, and provide developing oocytes with adequate nutrition. 
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SPECIES / HATCHERY BROODSTOCK 
HOLDING TANKS 

STOCKING 
DENSITY 

TEMPERATURE 
REGIME (ͦC) 

FEEDING MANAGEMENT WATER 
PARAMETERS 

BROODSTOCK 
MANAGEMENT 

REFERENCE 

M. GALLOPROVINCIALIS 
 
VICTORIA SHELLFISH 
HATCHERY (VSH), 
QUEENSCLIFF, 

x2 (two) 1000 L 
holding tanks. 
Broodstock held 
in pocket panels 

130 per 
1000L tank 

9.5-10.0 Algae from the indoor algae bag 
culture system at a rate of approx. 
100 mL/min (50/50 mix of 
diatoms and flagellates) 

Supplied through 
a header tank 
(1000 L) and fed 
to the holding 
tanks at 1.5L/min 
via a temperature 
control unit 

Broodstock are 
brought into the 
hatchery two months 
prior to spawning, 
depending on 
condition, but if ripe, 
brought into the 
hatchery from the 
wild the day before, 
or on the day of 
spawning 
induction. No 
attempts to condition 
stock in the 
broodstock system 
have been 
undertaken. 

(Jahangard et 
al., 2010) 

M. EDULIS 
 
? 

X6 (six) 40L tanks 140 per 40L 
tank 

Week 1: 8.2 
Week 2: Gradual 
increase to 18 

Three algal mixtures trialled. The 
PD treatment (Pavlova lutherii, 
Chaetoceros calcitrans, and 
Skeletonema costatum) (1:1:1, 
based on cell counts) had the best 
results. Fed at 2.4 x 1011 algae 
cells a day over a 22h period. 
 

Header tank with 
flow constant of 
1.2 L/min 

Broodstock were 
gathered from the 
wild and graded with 
an industrial grader 
that selected 
individuals with a 
shell-width between 
1.8 and 2.2 cm and a 
length of 5.3 cm. No 
dates given. 

(Pronker et al., 
2008) 

M. GALLOPROVINCIALIS 
 
CENTRO DE 
INVESTIGACIΌNS 
MARINAS (CIMA), SPAIN 

X9 (nine) 40L 
boxes 

50 per 40L increased 0.5 per 
day to 18 

Tetraselmis suecica and 
Skeletonema costatum at 3% of 
the dry weight of the broodstock 
per day 

Flow through of 
0.21 L/min. 
 
Results indicate 
the duration of 
the conditioning 
period is more 
important than 
the light regime 
(photoperiod) in 
gonad maturation 

Broodstock taken 
from commercial rafts 
with November. The 
results suggest that 
the time of 
conditioning could be 
reduced to only 2 
months, optimizing 
the conditions of this 
phase. Photoperiod 
seems to have a less 

(Domínguez et 
al., 2010) 
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relevant influence on 
the control of the 
maturation of mussels 

VARIOUS n/a 5kg (live 
weight) per 
150L tank 

Not given “Useful algal species that can be 
cultured intensively on a large-
scale are Tetraselmis (various 
species, including T. chuii, T. 
tetrahele and T. 
suecica), Isochrysis galbana (and 
the T-Iso clone), Pavlova 
lutherii, Chaetoceros 
muelleri (previously named C. 
gracilis), Thalassiosira 
pseudonana and T. 
weisfloggii and Skeletonema 
costatum.” 

Flow rate of 25 ml 
per adult 

4 to 6 weeks of a high 
ration: moderate 
temperature regime, 
temperature is 
gradually raised (1 to 
2°C per day) and food 
ration is somewhat 
reduced (from 4 to 6% 
to 2 to 3% mean dry 
meat weight of the 
adults in dry weight of 
algae fed per day). 

(Helm et al., 
2004) 

M. EDULIS 
 
? 

X6 (six) 40L tanks 140 per 40L 
tank 

Week 1: 8.2 
Week 2: Gradual 
increase to 18 

Two flagellate-dominated diets 
consisting of a mixture of 
Isochrysis galbana (T-Iso), Pavlova 
lutheri and Chaetoceros calcitrans 
(1:1:1, based on cell count) and 
three formulated feeds consisting 
of MB10+, MyStock+, and 
Frippak+. 
The results suggest the use of a 
diatom-dominated algae diet 
and/or MB10+ or MyStock+ 
formulated diets. 

Header tank with 
flow constant of 
1.2 L/min 

Broodstock were 
gathered from the 
wild. No dates given. 

(Nevejan et al., 
2008) 
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Appendix 15.  Algal Toxin Results 2018 
A REPORT BY DANIEL COWING. 

Executive Summary 

 

➢ Algal toxins are highest in Shetland waters between the months of July and September. 

➢ Algal toxins were higher in 2017 than 2018. 

➢ Extreme algal toxin levels seem to have an influence on larval survival and success (i.e., 

batches that are transferred to spools). 

➢ No batch successfully went to spool if the toxin level was above ~ 150,000 D. 

➢ The abundance of species was higher in batches where >50 million larvae were recovered 

from the LRT. However, not when it is dominated by singular algal species (a less even 

spread of species diversity and richness) which is associated with unsuccessful batches. 

Methodology and Statistical Analysis 

The following model was calculated to assess the influence of local reported toxins on larval survival 

within the hatchery. Due to the residency time of some of the known toxins with the broodstock 

flesh, the model included counts of toxins of both the week of collection and four weeks prior. It 

should be noted that five species were tested for being P.-nitzschia, Alexandrium, Dinophysis, P. lima 

and P. coradatum (data provided by CEFAS). Some batch survival data is omitted due to insufficient 

toxin data available for either the period when the broodstock were collected, or the location at 

which the broodstock were farmed (POD number). To assess the influence of toxins on several 

survival parameters a single toxin level was calculated. 

The toxin level (D) was derived by the following equation: 

𝐶𝑛 =  ( ∑ 𝑥𝑡𝑛  × 𝑎𝑡𝑛) ÷ 𝑛 

𝐷 =  𝐶𝑛  ×  𝐶𝑛  ×  𝐶𝑛  × 𝐶𝑛  × 𝐶𝑛 

Where n = week prior spawning (0:4); x = count of known toxins tested for; a = number of toxin 

present; t = time point; C = toxin level for that week. 

Data may be transformed but non-transformed data is shown within the figures.  Statistical analysis 

was performed using R (). 

Results 

Temporal and spatial algal toxin patterns 

 

The overall calculated toxin levels (D) increase in the months of July to September (Figure 15.307). 

The toxin levels associated with the broodstock were higher in 2017 than in 2018 (Figure 15.308), 
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although at time of preparation, there was no up-to-date data available for 2018 in the months of 

August and September when the toxin levels are considered to be at their highest. 

Toxin levels were highest at the broodstock coming from POD 58, 61 and 63 (Figure 15.309). 

Although these are the only sites broodstock procured during the months August – September 

where toxins recorded were extremely high. 

Toxins may have an influence on the survival. The average of each month taken from both years 

shows that the return from the LRT (3 dpf) and later larval survival may be influenced with the 

increased toxins levels associated with the broodstock within those months of procurement (July – 

September) (Figure 15.311). 

 

 

Figure 15.307. Toxin levels (D) between months for years 2017 – 18. 
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Figure 15.308. Toxin levels (D) associated for batches in 2017 and 2018. 
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Figure 15.309. Toxin level (D) between POD sites. Data from both years (2017-18) and months of broodstock procurement 
also indicated for each site. N number indicates number of batches taken from each site. Error bars denote SEM. 

 

Site Species 

Count (S) 

Total 

Abundance 

(N) 

Menhinick's D Margalef's D Shannon 

Diversity 

Index 

Evar 

Eveness 

 

5 5  0.07678689     

58 5  0.008249187     

61 5  0.008897436     

63 5  0.007867628     

67 3  0.020604085     

68 5  0.027025448     

72 3  0.011727343     
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Figure 15.38. Average larval survival (%) at 3 and 19 d.p.f. between months with averaged toxin levels for associated 
batches between months. 

 

Algal toxins and batches 

 

No batch successfully went to spool if the toxin level was above ~ 150,000 D as shown in Figure 

15.311. However, only three batches were over this toxin level, and the majority (ten) of batches 

analysed that were under this toxin level were still not successful in reaching settlement stage. 

Figure 15.311 (B) also shows a slight pattern of boom-and-bust plankton population, with three of 

the four successful batches occurred on the lower end of the curve either at the beginning or after 

the bloom. 
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Figure 15.311. A= Toxin level (D) per batch [yymmdd] in 2017-18. Arrows indicate batches which were transferred to spool 
tanks and the toxin level (D). B= Same as figure A but with the Y axis limited to 150,000. 

 

Algal toxins and the LRT 

All algal toxin toxins had a higher average abundance for batches that produced more than 50 

million larvae from the LRT (Figure 15.40). Species Dinophysis and P. lima were not present in 

batches where less than 50 million larvae were recovered from the LRT (T-test = P<0.05).  However, 
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these differences may be due to the extremely high toxin levels, all of which had higher than 50 

million return from the LRT, shown in Figures 2.7 (A). 

 

 

Figure 15.40. The number of larvae recovered from the LRT, being less than 50 million or equal to or more than 50 million 
larvae compared between the abundance of each algal toxin species. Error bars denote SEM and * note that actual 

abundance is x1000 for sp1 and x100 for sp5 but converted for visual representation within the figure. Asterisks denote 
significantly higher abundance between the two groups (t.test, P<0.05). sp1= P.-nitzschia; sp2= Alexandrium; sp3 = 

Dinophysis; sp4 = P. lima; sp5 = P. coradatum. 

 

Figure 15.41 shows that there is no, or a weak correlation of increasing toxin level and number of 

larvae returned from the LRT.  Generally, as toxins levels increase, the number of larvae recovered 

from the LRT are lower. 

No correlations between toxin abundance and LRT recovery were found with following species: 

- P.-nitzschia appeared to have a negative correlation, however this was not significant (-0.45, 

Sr, P>0.05; Figure 15.42 D.1). 

- Alexandrium had a significantly strong positive correlation (0.58, Sr, P<0.05) and linear 

relationship (0.45, P<0.05; Figure 15.43 E.1), but not for % LRT recovery (P>0.05). 

- Dinophysis had a significantly strong positive correlation (0.51, Sr, P<0.05) and weak linear 

relationship (0.21, P<0.05; Figure 15.44 F.1), but not for % LRT recovery (P>0.05). 

- P. lima had a fairly strong positive correlation, however this was not significant (0.40, Sr, 

P>0.05; Figure 15.45 G.1). 
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Figure 15.41. A B C Toxin level and LRT recovery (Millions) and % recovery. B shows same as A but zoomed with the Y axis limited to 100000. 
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Figure 15.42. P.-nitzschia abundance and (D.1) total larval recovery and (D.2) % recovery from the LRT. 

 

Figure 15.43. Alexandrium abundance and (E.1) total larval recovery and (E.2) % recovery from the LRT. 
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Figure 15.44. Dinophysis abundance and (F.1) total larval recovery and (F.2) % recovery from the LRT. 
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Figure 15.45. P. lima abundance and (G.1) total larval recovery and (G.2) % recovery from the LRT. 
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Figure 15.46. P. coradatum abundance and (H.1) total larval recovery and (H.2) % recovery from the LRT. H.3 and H.4 are 
the same data as H.1 and H.2 with the anomaly (abundance >10,000) removed. 

Algal toxins and the transfer to spools 

 

There was no significant difference (P>0.05) on toxin levels on whether the batch was successfully 

transferred to spools (Figure 15.47), which was somewhat expected as any potential toxin exposure 

from the broodstock source may be unlikely to have an effect on the larvae three weeks post 

spawning. 

 



Scottish Shellfish Hatchery - Stepping Stone Project Feasibility of a Commercial Mussel Hatchery and 
A Hatchery Manual 

 

Page 423 

 

Figure 15.47. Boxplot of toxin levels (D) between batches that were transferred to the spools (y) and those that did not (n). 

 

There was only a significant difference in the abundance in Alexandrium between successful and 

unsuccessful batches (Wilcox-Rank, W=3, p<0.01). Interestingly the abundance of Alexandrium was 

higher in the successful batches, although this could be a representation of increasing algal 

abundance and succession (Figure 15.48). 
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Figure 15.48. The abundance of each algal toxin species compared between failed (did not make to spools) and successful 
batches (transferred to spools). Error bars denote SEM and * note that actual abundance is x1000 for sp1 and x100 for sp5 
but converted for visual representation within the figure. Asterisks denote significantly higher abundance between the two 

groups (t.test, P<0.05). sp1= P.-nitzschia; sp2= Alexandrium; sp3 = Dinophysis; sp4 = P. lima; sp5 = P. coradatum. 

 

Table 15.39 indicates that some sites have higher species richness and diversity than others. This 

could be related to the month that also indicates that that in general species richness and diversity 

decrease during the early summer. 

It is interesting the difference between successful batches and unsuccessful batches. Successful 

batches tend to have lower total abundance, higher species diversity and a more even distribution. 

Therefore, algal blooms or areas dominated by one or two species could be detrimental to the 

broodstock and / or the development stages of the embryos. 
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Table 15.39. Community analysis between sites, batches that successfully transferred to spools and months. 

  
Number 
of 
species 

Total 
Abundance 

Species Richness Diversity Evenness 

  
S N Menhinick's D Margalef's D Simpson's 

Index (Ds) 
Shannon-
Wiener Index 
(H') 

Evar Index 

Site 

5 5 4,240 0.077 4.880 0.705 0.600 0.196 

58 5 367,382 0.008 4.922 0.662 0.527 0.048 

61 5 315,799 0.009 4.921 0.994 0.021 0.059 

63 5 403,880 0.008 4.923 0.992 0.028 0.048 

67 3 21,200 0.021 2.900 0.604 0.588 0.015 

68 5 34,229 0.027 4.904 0.751 0.487 0.122 

72 3 65,440 0.012 2.910 0.877 0.244 0.013 

 
        

Success 
Yes 5 29,005 0.029 4.903 0.805 0.399 0.116 

No 5 309,536 0.009 4.921 0.785 0.379 0.049 

         

Months 

April 5 44,100 0.024 4.906 0.885 0.241 0.997 

May 5 13,290 0.043 4.895 0.677 0.555 0.991 

June 5 1,065,786 0.005 4.928 0.658 0.529 1.000 

July 5 66,258 0.019 4.910 0.744 0.498 0.997 

August 5 831,148 0.005 4.927 0.996 0.015 1.000 

September 2 83,140 0.007 1.912 0.997 0.012 0.999 
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Appendix 

 

Table 15.40. Correlation and linear regression statistics and information for algal toxin abundance and LRT recovery. 

Figure 

Reference 

Correlation 

r value 

Correlation 

P-value 

Linear R2 Linear P-

value 

Intercept Slope 

2.7 A -0.16 0.13 -0.009 0.62 68300.8 -195.6 

2.7 B -0.16 0.13 -0.009 0.62 68300.8 -195.6 

2.7 C -0.07 0.54 -0.008 0.57 107862.0 -95469.0 

2.8 D.1 -0.45 0.07 -0.050 0.67 294537.4 -806.2 

2.8 D.2 -0.05 0.85 -0.050 0.67 348174.0 -3910.0 

2.9 E.1 0.58 0.01 0.450 0.01 -54.884 1.335 

2.9 E.2 0.11 0.66 0.160 0.06 -56.916 3.949 

2.10 F.1 0.51 0.04 0.210 0.04 -112.047 3.350 

2.10 F.2 0.22 0.40 0.007 0.31 -42.440 7.739 

2.11 G.1 0.40 0.11 0.100 0.12 8.88162 0.2879 

2.12 G.2 0.18 0.49 -0.0003 0.33 9.4032 0.8218 

2.13 H.1 0.22 0.40 -0.060 0.71 47124.9 -177.0 

2.13 H.2 0.11 0.67 -0.020 0.44 85552.0 -1634.0 

H.3 0.32 0.23 0.110 0.11 118.06 20.31 

H.4 0.25 0.36 -0.010 0.38 321.47 33.17 
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