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Dansk resumé 


Instituttet for Akvatiske Ressourcer (tidligere DIFRES) har i samarbejde med den lokale danske 
 fiskeindustri undersøgt potentialet for genetablering af bestanden af den østlige Østersøtorsk 
 (Gadus morhua L.). 


Netop denne torskepopulation har tilvænnet sig stærke lagdelte forhold i Østersøen med et 
 saltindhold der varierer fra 7 psu i overfladen til 17 psu i de dybe bassiner. En kombination af 
 dårlige miljøforhold og højt fiskeritryk har resulteret i en stærk reduktion af bestanden, som nu er 
 på sit historisk laveste niveau. Udover de hydrografiske forhold, sild og brislingers prædation på æg 
 og larver samt en forsinket gydning på 2-3 måneder i forhold til for 20-30 år siden har bidraget til 
 det yderligere fald i rekrutteringen. 


Ved anvendelse af den ansvarlige tilgang blev der gennemført en evaluering af økologien, tekniske 
 muligheder og de økonomiske forhold der skal til for en vellykket genetablering. Resultaterne, som 
 er publiceret i DFU rapporten nr. 143-05 viste, at den mest sandsynlige metode vil være at udsætte 
 474 millioner fiskelarver årligt over en periode på 5 måneder, med det formål at øge den 


gennemsnitlige bestand af 2-årige rekrutter med omkring 10% og samtidig bidrage til at forøge 
 gydebestanden mod en langsigtet løsning. På baggrund af denne evaluering blev projektet 
 (RESTOCK) etableret, med basis på Bornholm. 


De første to et halvt år af projektet blev finansieret af FIUF programmet (Direktoratet for 
 FødevareErhverv). Projektet blev delt op i 8 arbejdspakker, der omfatter alle aspekter af 


produktionen af fiskelarver samt deres udsætning i Bornholm Bassin. Disse arbejdspakker omfatter; 


etablering af faciliteter, indsamling og hold af moderfisk, ægproduktion og inkubering, vurdering af 
 ved hvilken alder fiskelarver kan sættes ud, udvikling af mærkemetoder, samt udvikling af transport 
 og udsætningsmetoder.  Hertil er en arbejdspakke dedikeret til fiskesundhed for at følge produktion 
 af potentielle patogener og indføre profylaktiske procedurer for at minimere sygdomsrisiko. 


Moderfisk 


Voksne fisk blev fanget og tilvænnet anlægget på land. Fiskene blev undersøgt for bakterier, vira og 
 parasitter for at evaluere sundhedstilstanden af de fangede vilde fisk. Et vigtigt fiskepatogen Vibrio 
 anguillarum serotype O2a blev fundet i de vilde fisk. Denne bakterie kunne, under stressende 
 forhold, blive et potentielt problem. De lave tætheder, som fiskene holdes under, giver dog fiskene 
 optimale forhold. Forekomsten af denne bakterie gør det dog nødvendigt fortsat at monitere 


fiskenes sundhedstilstand. Ingen af de virale stammer, som der blev testet for, blev fundet i nogen af 
 de 32 undersøgte torsk. Forskellige protozoiske og metazoiske parasitter blev fundet i de undersøgte 
 fisk, blandt dem nogle der er patogene og smitsomme, hvilket igen understreger nødvendigheden 
 for regelmæssig monitering af fiskenes sundhedstilstand. Forekomsten af Ichthyodinium, en parasit 
 der er almindeligt forekommende i naturen og som smittes direkte fra moderfisk til afkom, blev 
 nøje moniteret i løbet af 2007. Udbredelsen varierede blandt moderfiskbestande, men der var ingen 
 sammenhæng mellem udbredelsen i æg og ægdødelighed. 


De voksne torsk blev holdt i tre separate moderfiskekar. Gydeperioden for en af disse bestande blev 
 ændret således at det blev muligt at producere æg over en seks måneders periode fra april til 


september.  



(6)Æg og larveproduktion 


I 2007 blev der produceret 273 liter æg fra 210 kg fisk (han og hun fisk). Monitering af 


æginkuberingen viste at omkring 38% overlevede til klækning. 70% af de æg, der overlevede til 
 klækning blev til levedygtige larver. Første fødeindtagelse blev initieret 5-7 dage efter klækning alt 
 afhængig af temperaturen. Fiskelarverne vil kunne udsættes over et tidsrum af fire dage, uafhængig 
 af temperaturen for det temperaturområde, der blev undersøgt. Tidsrummet svarer til det stadie, 
 hvor larverne øger deres aktivitet især hos spisende larver. De producerede larver var tolerante over 
 for pludselige temperaturændringer (op til tre grader C) til både koldere og varmere temperaturer, 
 og var i stand til at indtage føde i løbet af 24 timer efter temperaturændringen. Højere forskelle i 
 temperaturændringer resulterede i lavere initiering af fødeindtagelse, hvilket tyder på negativ 
 påvirkning. 


Mærkning og udsætning 


Det var muligt at mærke larverne med alizarin complexone og at genkende mærket efter 50 dage. 


Mere arbejde er dog nødvendigt på både mærkning og mærkegenkendelse af udsatte fisk. 


I samarbejde med lokale fiskere blev der udviklet en udsætningsanordning, der kan håndteres fra en 
 fiskekutter. Anordningen blev testet og en halv million larver blev udsat i 2007. Larver, der blev 
 udsat ved 28 m dybde i en større netpose med føde tilstede blev genfanget 12 timer efter 


udsætningen og fundet med mad i maven, hvilket tyder på at fiskelarverne var i stand til at spise 
 kort tid efter udsætning. 


Fremtidige perspektiver 


Programmet sigter mod en opskalering til 1% udsætning (50 millioner larver om året) og undersøge 
 metoder til at forudsige overlevelsen eller til at genfange de udsatte fiskeyngel. I løbet af de næste 
 tre år vil arbejdet fokusere på at løse disse problemer, samt undersøge hvordan modellen kunne 
 opskaleres til en fuldskala udsætning på 500 millioner fiskelarver, samt vurdere hvilke 


konsekvenser aktiviteten kunne have på den fremtidige fiskeriforvaltning af torskebestanden i den 
østlige Østersø. 
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English Summary 


The National Institute of Aquatic Resources (former DIFRES) in cooperation with the local Danish 
 fishing industry examined the potential for restocking the Eastern stock of Baltic cod (Gadus 
 morhua L.). 


This particular cod population has adapted to live in the stratified estuarine conditions of the Baltic 
 where salinity varies from 7 psu at the surface layers to 17 psu in the deep water basins.  A 


combination of adverse environmental conditions and high fishing pressure has resulted in a severe 
 decline of the eastern Baltic cod stock, which is now at its historically lowest level. In addition to 
 the hydrographical conditions, predation of eggs and larvae by herring and sprat plus a delay in 
 spawning of 2-3 months from 20-30 years ago, has exacerbated the decline in recruitment.  


Using the responsible stocking approach, an evaluation was made of the ecology, technicality and 
 economic ramifications to the success of restocking. The results, which were presented in DFU-
 report nr. 143-05, showed the most plausible method was to release annually 474 million first-
 feeding larvae over a 5-month period, aiming at enhancing the population of 2-year old recruits by 
 10% and enhancing the spawning stock biomass towards a more long-term solution.  From this 
 evaluation a 6 year pilot restocking project was established (RESTOCK), situated on Bornholm.    


The first two and a half years of the project were financed by the FIUF programme (Directorate of 
 Food, Fisheries and Agribusiness).  The project was divided into 8 work-packages covering all 
 aspects of the production of first feeding larvae and releasing them into the Bornholm Basin.  These 
 work-packages included; establishing facilities, broodstock collection and maintenance, egg 


production and incubation, assessing the age at which the larvae could be released, development of 
 tagging methods and transportation and release methods. In addition, a workpackage dedicated to 
 fish health was established to monitor the production for potential pathogens and adopt prophylactic 
 measures to minimise the risk of disease.  


The broodstock 


Adult fish were collected and successfully held in captive conditions.  The fish were subjected to a 
 BVP (Bacteria, viral, parasite) program, where random samples were taken to assess the health of 
 the wild fish captured. An important fish pathogenic bacteria Vibrio anguillarum serotype O2a was 
 found in the wild fish. This bacterium could, under stressful culture conditions, be a potential 
 problem. However the low density conditions in the broodstock tanks provide optimal rearing 
 conditions for the broodstock. The presence of this bacterium, however, stresses the importance of 
 continually monitoring the health status of the fish. None of the viral strains tested for were found in 
 any of the 32 cod examined. Different protozoan and metazoan parasites were found in the fish 
 examined, some of which are pathogenic and infectious, again stressing the importance of 


monitoring the health status of the broodstock. The presence of Ichthyodinium, a parasite commonly 
 found in the wild and which is transferred from the parent fish directly to the larvae was monitored 
 closely during 2007. The prevalence varied among broodstock, but no correlation was found 
 between prevalence in eggs and egg mortality. 


The mature cod were kept in three separate broodstock tanks. The spawning period for one of these 
three broodstocks was altered so that it was possible to produce eggs over 6 months from April until 
September.   



(8)Egg and larval production 


In 2007, 273 litres of eggs were produced from 210kg of fish (male and female).  Monitoring of egg 
 incubation revealed around 38% survival to hatching. 70% of the eggs that survived to hatching 
 produced viable larvae. Feeding was initiated 5-7 days post-hatch depending on temperature. The 
 window of opportunity for release was demonstrated to be about 4 days independent of holding 
 temperature for the range of temperatures tested. This corresponded also to the time of increasing 
 activity in larvae, especially in fed larvae. The larvae produced were highly tolerant to sudden 
 temperature changes (up to 3ºC) to both colder and warmer temperatures, and were able to start 
 feeding within 24 hours after the temperature change. Higher differences in temperature changes 
 resulted in poorer feeding incidence indicating negative impacts.  


Marking and releases  


It was possible to mark the larvae with alizarin complexone and to recognise the mark after 50 days. 


However, more work needs to be performed on marking and recognition of released fish.  


In collaboration with local fishermen, a release devise that could be operated from a standard 
 fishing vessel was developed and tested. Half a million larvae were released in 2007.  Larvae that 
 were released in a net bag with potential food items at 28m depth were retrieved after 12 hours and 
 found to have food in their stomachs, indicating that they were able to feed soon after release. 


Future perspectives 


The programme now intends to scale up to 1% releases (50 million larvae per year) and explore 
methods for predicting survival or for obtaining recaptures. During the next three years, work will 
also focus on resolving issues on how this model could be expanded to produce the 500 million 
larvae necessary, and assess what implications this may have on fisheries management of the Baltic 
cod in the future. 



(9)
Chapter 1 Introduction 


Josianne G. Støttrup, Senior Research Scientist, DTU Aqua 


The aim of this project (RESTOCK I) was to empirically examine the potential for restocking cod 
 in the eastern Baltic. A pilot project aimed at examining the potential for restocking the eastern 
 Baltic showed that there was theoretically a potential for restocking the eastern Baltic with cod 
 larvae (Støttrup et al., 2005a; 2008). One of the conclusions was that it could be possible to enhance 
 recruitment of 2-year-old cod by around 10% of an average year-class, being equivalent to around 
 17 million recruits. A single release would also result over a period of 8 years in the accruement of 
 around 14,000 tons cod spawning biomass. Furthermore it was possible to produce these cod larvae 
 in an existing hatchery; Bornholms Lakseklækkeri. 


The project should run in two phases: 


Phase I should include the start-up of the cod broodstock, implementation of egg incubation and 
 rearing techniques, provide the information on larval development required for optimal release 
 strategies and develop techniques for the marking, transport and release of cod larvae in Bornholm 
 Basin.  


Phase II should be the upscaling of the project to full-scale. 


This report comprises the results for the first three years of Phase I. This phase was originally 
 planned to run over six years, but since the funding programme (FIUF programme, Directorate of 
 Food, Fisheries and Agribusiness) terminated in 2007, only the first three years (RESTOCK I) were 
 funded through this programme.   


In this chapter a summary of the findings of the pilot project is presented, providing the background 
 knowledge for RESTOCK I. 


1.1 Short summary of the scientific background for the rationale for 
 restocking 


A more complete description of relevant information on the biology of Baltic cod and the ecology 
 of the eastern Baltic is published in Danish in ”Opdræt af torskeyngel til udsætning i Østersøen” 


(Støttrup et al. 2005a), and in the popular scientific article in “Fisk og Hav” (Støttrup et al. 2005b). 


In English, the rationale for restocking the eastern Baltic cod has been published in a peer-reviewed 
 international journal ”Reviews in Fisheries Science” (Støttrup et al. 2008).  


The incentive for this project was the decline in cod landings on Bornholm, which motivated the 
 local fishermen into appealing for more proactive measures rather than continued restrictions. 


Between 1999 and 2006, the catches declined from 24,000 tons with a value of 254 million Danish 
 crowns to 9,500 tons and a value of 110 million Danish crowns. The cod fishery has constituted up 
 to 80% of the value of the total landings of the Bornholm fishermen. Thus the decline in cod 
 landings has had an economic impact on the island.  


  


In order to ensure a responsible approach to stocking, several criteria should be fulfilled (Støttrup 
 and Sparrevohn 2007); the most important among them being that: 


•  There is a bottleneck for recruitment which is not solely due to fishery 



(10)•  The released fish are of a size larger than that identified being a bottleneck for recruitment, 
 and optimal for the relationship between cost of production and post-release survival  


•  There is ample habitat and food for the released fish 


The following aspects highlighted in the pilot project are summarised below. 


1.1.1 Oxygen demands 


The cod in the eastern Baltic spawn in the deep basins east of the island of Bornholm; the Bornholm 
 Basin, the Gotland Deep and the Gdansk Deep (Bagge et al. 1994). Only in the deeper water layers, 
 is the salinity sufficiently high to maintain the eggs floating (Nissling and Westin 1997). Low 
 oxygen content in these water layers prevent the eggs from developing normally and hatch to 
 larvae. Thus the survival of cod eggs and early larvae is dependant on climatic conditions that 
 ensure the delivery of oxygenated saline water from the North Sea to these basins in the eastern 
 Baltic (Hinrichsen et al. 2002b). The lack of saltwater inflow in recent decades has resulted in poor 
 oxygen conditions in the deep saline water layers where the cod spawn. Since the early 1990ies, 
 ideal conditions for survival and normal development of cod eggs have only been found in the 
 Bornholm Basin (MacKenzie et al. 2000). The combined salinity and oxygen levels that support 
 normal egg development has been termed the “spawning volume”, and the magnitude of this 
 volume determines the year-class strength of the eastern Baltic cod (Plikshs et al. 1993). Thus, the 
 egg stage is the critical life-stage for cod in the eastern Baltic. 


1.1.2 Predation 


Apart from the spawning volume limiting egg production in cod from the eastern Baltic, eggs and 
 newly-hatched larvae are subject to predation pressure from herring and sprat (Köster and 


Möllmann 2000). This is well documented especially in the spawning area in Bornholm Basin. Cod 
 egg predation is highest in the early part of the spawning season, with sprat as the primary predator. 


Later in the spawning season, herring predation becomes predominant, but since there are much 
 fewer herring than sprat in the Baltic, predation pressure from herring is lower. 


  


The egg stage is therefore critical for survival of cod in the eastern Baltic. This is well documented 
 in Köster et al. (2003), who summarised the results from two larger EU projects CORE (1995-1998; 


Baltic cod recruitment project) and STORE (Baltic cod and sprat stock recruitment project). There 
 is therefore a good reason for considering restocking through rearing and releases of early larvae of 
 cod. 


1.1.3 Changes in the spawning season 


Since 1990, the cod spawning season has shifted from spring to summer (Wieland et al. 2000). 


Before this period spawning peaked during March-April, where it now tops around July-August. 


This means that the larvae hatch into a different environment and to a different prey availability. 


The reason for this shift in spawning season is unknown, but is believed to be due to changes in 
 temperature and growth conditions of the adult fish (Wieland et al. 2000). The yolk sac stage lasts 7 
 to 10 days depending on the temperature. Towards the end of the yolk-sac stage, the larvae become 
 more active and move towards surface layers, where they seek prey (Grønkjær and Wieland1997). 


In the upper water layers larval survival is dependant upon prey encounter and therefore on whether 
or not there are sufficiently high concentrations of prey items (Hinrichsen et al. 2002a). All these 



(11)parameters emphasise the importance of the larvae being in the right place at the right time to 
 improve their survival potential. 


1.1.4 Food sources 


The most important prey item for cod larvae is the copepod Pseudocalanus sp., which occurs in 
 highest concentrations during April-May in the eastern Baltic (Möllmann et al. 2000). These 
 copepods reproduce in the deep basins in the Baltic and the nauplii seek towards the surface to feed 
 on microplankton. Later on in the season, when Pseudocalanus ceases to reproduce, the naupliar 
 concentrations fall. The low salinity during the past two decades has caused the population of 
 Pseudocalanus to decline, and this food source to become limited for cod larvae (Möllmann et al. 


2000). However, since the spawning period for cod has shifted from early to late summer, cod 
 larvae are no longer dependant on this species for their survival, but on other species that do occur 
 in late summer in the eastern Baltic. 


Acartia sp. and Temora longicornis are two copepod species that dominate during late summer and 
 these have become the more important food source for cod larvae in the Baltic in recent decades, 
 since the shift in the spawning period. Unlike Pseudocalanus, these copepod species reproduce in 
 shallow waters, which in combination with local currents result in the highest concentrations 
 forming around the edges of Bornholm Basin (Hansen et al. 2006). As the cod larvae hatch 
 primarily in the deeper part of the basin, their presence near the surface may not always coincide 
 with that of the copepods and their nauplii. 


1.1.5 Release scenarios 


During the pilot project three release scenarios were tested. Each of these scenarios should have the 
 same end result; that of supplementing the average year class of two-year-old cod within ICES 
 subdivision 25 by 10%. These scenarios were evaluated with respect to ecological, technological 
 and economical criteria. 


Scenario I: release of 3 month-old cod juveniles (4-5 g). The juveniles are beyond the stage of the 
 recruitment bottle-neck for the eastern Baltic cod stock. An estimated 26 million juveniles should 
 be released.  


Scenario II: release of 2-3 day old cod larvae. The problems with limiting spawning volume or high 
 predation pressure from clupeids can be avoided by releasing first-feeding cod larvae. The 


magnitude was estimated to be 474 million cod larvae. 


Scenario III: release of cod eggs. The release magnitude was estimated to be 13 billion newly 
 fertilised cod eggs. 


For each scenario the number of larvae or eggs required was estimated and from there the number 
 of females required as broodstock to produce the required number of fertilised eggs. The 


male:female ratio was set at 1:2. The capacity of the rearing facility could then be estimated and the 
 costs for establishing and running such a unit estimated.  


The results showed that Scenario II was clearly the optimal of the three scenarios. Once the larvae 
start feeding and are located in the upper water layers, they are no longer threatened by clupid 
predation, and they are at this stage not influenced by limitations on egg production from the 
magnitude of the spawning volume. 



(12)The rearing was planned to take place at Bornholms Lakseklækkeri. The costs of establishing and 
 running the facility were least in scenario II. There was a need for fewer broodstock with scenario II 
 and no requirement for rearing juveniles or to produce live feed for the larval cod stages, such as 
 scenario I would have required. Relative to the existing facility on Bornholm, few changes would 
 need to be made.  


Earlier attempts (1992-1994) to rear Baltic cod at Bornholms Lakseklækkeri showed that it was 
 feasible to establish a broodstock and to double egg production from this broodstock within one 
 year (Prince 1997). During that project there was a low survival of larvae. The cause for the high 
 mortalities was not found but was attributed to poor water quality or to disease transfer from the 
 parent fish. With existing technology, it will be possible to ensure good water quality, screen the 
 broodstock for particular diseases and avoid disease transfer as well as disinfect eggs. Further, 
 broodstock nutrition will be improved to improve egg and larval quality.  


1.1.6 Extension of the spawning season 


It is necessary to release the larvae during the season with high concentrations of suitable prey. By 
 maintaining two broodstocks, each with their particular spawning season; for example one 


broodstock that spawns around April to June and another from June to August, it will be possible to 
 produce eggs and larvae for a period of five to six months.  


A portion of the produced larvae will be released during spring when the copepod Pseudocalanus 
 sp. is abundant. Even though the population of this copepod species is reduced in recent years 
 compared to before the 90’ies, there are practically no fish competitors for this prey item. Thus it 
 would be possible to utilise a food resource the natural population no longer utilises due to the shift 
 in spawning season in the wild population. 


The remaining fish larvae will be released during summer, corresponding the present-day spawning 
 season and the larvae will be able to utilise the copepod species Acartia and Temora together with 
 their wild counterparts. The wild population are dependent on being able to encounter high densities 
 of prey, which are abundant around the edges of Bornholm Basin. The reared larvae will be released 
 in the areas where the prey is abundant to increase the likelihood of successful first-feeding. 
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Chapter 2 Bornholms Lakseklækkeri 


Julia Lynne Overton, Hatchery manager, Bornholms Laksekækkeri and project scientist, DTU Aqua 


2.1 Location 


The RESTOCK project was located at Bornholms Laksekækkeri (Bornholm’s Salmon Hatchery), in 
 the town of Nexø on the eastern coast of Bornholm.  This location had the following advantages for 
 the RESTOCK project: 


1.  Nexø harbour has been the most influential Danish harbour in terms of the cod fishery in the 
 eastern Baltic. A substantial part of the project RESTOCK is in cooperation with the local 
 fishermen (i.e. collection of broodstock and release of the cod larvae). Nexø harbour was the 
 natural choice logistically for local fishermen’s physical participation in the project. 


2.  Nexø is the most easterly Danish port and therefore has the shortest sail time to the area of 
 interest for release of the cod larvae i.e. the Bornholm Basin. 


3.  In Nexø there is an already existing hatchery which had facilities and staff that could be 
 utilised to produce cod larvae for release in the Baltic.   


2.2 Quarantine facilities 


Bornholms Lakseklækkeri holds a veterinary approved virus free status for the viruses VHS (Viral 
 Haemorrhagic Septicaemia) and IHN (Infectious Haematopoietic Necrosis). In order to maintain 
 this status, broodstock collected from an offshore location must be maintained in quarantine for a 
 prolonged period to meet the demands stated by the standing EU veterinary committee (EC Council 
 directive 91/67/EEC article 14, paragraph 3C). In addition, it is always good husbandry practice to 
 keep wild broodstock separated from egg and juvenile stages of fish to avoid pathogen transfer. 


Broodstock may be carriers of pathogens that can be lethal for eggs and larvae although no 
 symptoms may be manifest in the broodstock.   


The quarantine facilities were 
 established at a separate location 
 in Nexø harbour, about 1 km from 
 the hatchery (Fig.2.1). The 
 quarantine was built in a former 
 storage room with a controllable 
 cooling system installed 
 (Espersens, A/S). The building 
 was formerly used to store fish 
 prior to export. The desired water 
 temperature could be maintained 
 by cooling room temperature and 
 due to the well insulated building 
 this cooling was a more economic 
 way than cooling the water 


directly.   Fig. 2.1. Nexø harbour showing the position of the hatchery and the 
quarantine facility. 



(15)An added advantage of air cooling was that any sampling or monitoring of eggs or larvae could be 
 carried out in the room without any need for additional cooling equipment.  


The quarantine building had areas designated for changing clothes (in particular footwear), an egg 
 disinfection room (for disinfection of eggs before transfer from the quarantine to the main hatchery) 
 and a storage room for any experimental, monitoring equipment (Fig. 2.2).   


All the facilities were designed to be easily removed and modified if 
 necessary. Three independent broodstock systems were built comprising of 
 one 3m diameter fibreglass tank (volume = 7 m3) and an accompanying 
 water treatment system (details of which are summarised in Table 2.1). The 
 freshwater was from the municipal water supply. The water was salinated to 
 the desired concentration using aquarium salt (Tropic Marin®). This avoided 
 any potential introduction of pathogens from the water source (contra 
 pumping sea water directly into the system). UV sterilisation of the water 
 was carried out prior to it’s re-entry to the fish tank (Fig. 2.3). In the case of 
 pump failure an emergency oxygen supply was installed.   


   


Three independent recirculation systems meant that each broodstock group 
 could be maintained isolated from each other. A tarpaulin tent was placed 
 around each production tank to exclude the fish from external light. Day 
 length could be artificially controlled using a timer mechanism and 
 fluorescent aquarium lights (IKS Aquastar Sunrise) which could also 


Fig. 2.3.  UV 
 treatment system 
 2005-2007 


Fig. 2.2. Production hall, broodstock quarantine facility, Nexø. 


The production hall is isolated and cooled with a controllable 
cooling system. The three broodstock tanks (tank 1, 2 and 3) are 
thereby cooled as a result of room temperature. The lower half of 
the building is used for office, workshop, and storage for salt, 
tools and experimental tanks. 



(16)Fig. 2.4.   Egg collector (bottom 
 part of picture) and a reservoir 
 (upper part of picture) 


simulate dawn and dusk (0% to 100% light intensity in 30 min). See 
 picture from Fig. 2.2. 


External egg collectors allowed daily surface collection of eggs 
 (volume150L). Each collector has an internal sieve (40 L) with 500μm 
 mesh to assemble the eggs.  This sieve had a conical plastic floor with 
 a tap in the centre to tap off the eggs.  The sieve holding the eggs was 
 removed daily from the collector using a winch system (Fig. 2.4).  


In addition to the water treatment system each broodstock system 
 included a 2m3 tank functioning as water reservoir for newly mixed 
 saltwater used when replenishing water in the system during cleaning 
 or carrying out water changes.  


In addition to the broodstock tanks, a series of small preliminary hatching systems was also 
 constructed. This facility allowed for the incubation of fertilized eggs during the period prior to 
 approval of the disinfection protocol, which allowed the transfer of eggs from quarantine to the 
 main hatchery. The hatching system was composed of six hatching tanks (holding 80 L water) (see 
 section 1.4 for further details of hatching facilities). These six cone shaped incubation tanks had a 
 separate water reservoir of 1m3. The water in this system was recirculated and filtered using an 
 Eheim® type 2260 canister biofilter.  The water was UV treated.  Water circulation was around 6 L 
 min-1. 


Table 2.1.  Data on the system build in the quarantine facility for holding the broodstock.  



(17)2.3 Broodstock facilities 


During RESTOCK-1 (2005-2007) the broodstock were held in quarantine (the technical details are 
 described in section 2.2). The broodstock facilities within the main hatchery were therefore not 
 deemed necessary for this project.  


2.4 Egg incubation facilities 


The egg incubation facilities were designed on the basis of that observed in Norway during a fact- 
 finding visit in November 2005. The facilities are based on the hatching system used in the 
 Norwegian Marine Research Institutes field station in Parisvattenet, Norway.   The system was built 
 in such a way that it could be dismantled and customised with relatively little effort. Incubation 
 tanks were installed in section 2 of the main hatchery. Fig. 2.5 gives an overview of the main 
 hatchery.  


A string of 30 incubation tanks supported by stainless steel tables (three tanks per table) were 
 connected to an already existing water treatment system in Section 2 of the main hatchery (Fig. 


2.5). Each water treatment system in Section 2 could process approximately 6 L water sec-1. The 
 biofilter (20.6m3) had capacity enough to process dissolved nitrogenous products from the shells of 
 hatching larvae and other proteinaceous substances released during hatching. A trickle filter of 
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Tanks for pilot 
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 with first feeding
 and larval
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Incubators for 
 cod eggs


= tanks for fish rearing


= Water treatment tanks
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 larvae
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= tanks for fish rearing


= Water treatment tanks
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 larvae
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Sektion overview of the main hatchery


Fig. 2.5. This figure is a schematic overview of the main hatchery. The numbers 1A to 3B refers to Sections.  


Section 2 was used for the incubation of cod larvae and pilot investigations on first feeding in 2005-2007.  



(18)0.9m3 was used to aerate the water and gas off the carbon dioxide produced within the biofilter 
 during the conversion of dissolved nitrogenous wastes.  A drum filter of 0.6m3 with a filter mesh 
 size of 60μm could filter out most algae and copepod stages used in experimental first feeding 
 trials. The water reservoir holding 26m3 was kept at a constant 7ºC using a cooling system 
 submerged in the reservoir itself. Temperature, pH and oxygen were monitored daily by computer. 


The system included an alarm function in case of system failure and has a back up generator in case 
 of power failure.  


The hatching tanks were black cylindroconical 
 tanks holding 80 L water volume (Fig. 2.6). A tap 
 in the bottom of the tank allowed for removal of 
 waste water.  In 2006 the inflow was designed to 
 produce thin jets of water in order to aerate the 
 water and to push any oily film forming on the 
 water surface to the edges of the tank.  However, 
 it was observed that the eggs experienced 
 mechanical stress and an uneven flow of water in 
 the tank meant that the eggs tended to clump 
 together.  


In 2007 the inflow was changed so water entered 
 the tank just below the water surface via a silicone 
 hose. This gave a gentle flow and was easy to 
 handle. In addition, flow meters were installed on 
 all tanks enabling monitoring of flow rate.  


In the first year, the air supply was delivered via a glass pipe placed directly in the tank. During 
 daily cleaning of the tanks it became apparent that this was not optimal, particularly as the air hoses 
 were being handled daily (lifted in and out of the system) which could introduce potential 
 pathogens from outside the tank into the water. In 2007 the air supply was connected to the outside 
 the tanks to a valve attached to the bottom of the tank. In addition to better tank sanitation, the new 
 air system gave a better flow in the incubation tank, maintaining the eggs in suspension and keeping 
 the eggs well distributed in the tanks.    


To prevent the outflow from sucking out eggs a “drum-like” filter (350μm mesh and surface area of 
 350 cm²) was attached to a hose inside the tank. These filters could be easily removed and cleaned 
 between egg incubation cycles. 


The revised hatching unit functioned well in 2007 with the highest survival of 75.000 newly 
 hatched larvae recorded for one tank.   


Areas for improvement will be a method to increase the capacity of the incubators to hold a higher 
 density of eggs. This could be for example placing various batches of 4-5 day old eggs (once the 
 unfertilized/damaged eggs are removed) together to save space in the system. 


Air Water in


Water out


Air Water in


Water out


Fig. 2.6.  Cod 
incubation chamber, 
2005-2007. Air inlet 
shown is the type 
modified in 2007.



(19)2.5 Larval production facilities 


In order to verify the production of viable larvae, small-scale facilities were built to test their 
 viability and also to examine which conditions were optimal for larval survival beyond first-
 feeding. Small-scale systems were applied to determine optimal conditions for feeding larvae, and 
 results used for deciding on release strategies. These included testing for a) optimal temperatures, b) 
 tolerance to sudden temperature changes c) optimal feeding densities, and d) optimal salinity for 
 growth and survival (see chapter 4, for results of these experiments).   


Future work should focus on raising larvae that have been marked with Alizarin complexone (dye) 
 so that the strength of this mark can be recorded as the fish get older, and to assess if there is a 
 maximum time for visibility of the mark in terms of fish age. To do this a larval rearing system 
 needs to be established. 


  


2.6 Live feed facilities 


Although a facility to produce live feeds was not originally planned, it became apparent that to test 
 first feeding, an appropriate live food type was necessary. The hatchery already has a room which 
 was built for producing live feeds. Therefore, with some modification, this room was used to 
 produce three different types of algae and the copepod, Acartia tonsa (Fig. 2.7). A reservoir and 
 filtration system (10, 1 and 0.2 μm) was installed to filter 16psu artificial salt water (kept constant at 
 25ºC). 


  


Fig. 2.7. A schematic overview of the live feed section used for producing algae and 
 copepods for use in experiments with feeding larvae. 
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Chapter 3 The broodstock 


Julia Lynne Overton, Hatchery manager, Bornholms Laksekækkeri and project scientist, DTU Aqua 


3.1 Background  


The Baltic cod (Gadus morhua calliarias) is split into two different stocks; the western and eastern 
 Baltic.  The stock from the eastern Baltic is located from the eastern coast of Bornholm and in the 
 lower Baltic basin up to 63ºN latitude. The western stock is distributed from the south western coast 
 of Bornholm to the southern Kattegat (Bagge et al. 1994).  These stocks are largely determined by 
 their spawning grounds.  For the stock originating from the eastern Baltic proper, these grounds are 
 situated in the deep, salt water areas of the Bornholm Basin, Gdansk basin and the Gotland basin, 
 but spawning has only been successful in Bornholm Basin the past couple of decades. The aim of 
 the RESTOCK project was to improve the recruitment of the stock from the eastern Baltic. This 
 required the collection of adult fish of reproductive age to form a broodstock from which larvae 
 would be produced for release within ICES subdivision 25 (for exact location see map on 
 www.ices.dk).   It was imperative to be sure that the correct spawning stock was selected. This is 
 most easily achieved just prior to the spawning season when the adult fish have already migrated to 
 the spawning ground but have not yet spawned.  However, due to the time needed for habitation of 
 the broodstock to captive conditions prior to spawning (3 months minimum) the fish were collected 
 as a rule in February-March. This means that the fish were not necessarily at the spawning grounds.  


Therefore the best estimate was made in terms of selection of broodstock during collection. This 
 was carried out with advice from the local fishermen and DTU Aqua’s own experts on cod 
 migration in the Baltic. 


The western Baltic broodstock spawn earlier than the eastern stock (from February –April).  By 
 collecting some fish from the western Baltic in the first year of the project, we could extend the 
 spawning season and increase our experience with handling broodstock and eggs and larvae. The 
 larvae from the western broodstock were used only for experimental purposes and the broodstock 
 were removed from the system once spawning ceased. 


3.2 Collection of broodstock 


3.2.1. Method and location of collection 


Table 3.1 summaries the time, position, depth, number of fish captured, total weight of fish captured 
 and numbers of mortalities for broodstock collected over the project period.  


Eastern Baltic fish (2006). 


The broodstock was collected on the 7th March 2006 approximately 3 nautical miles from Nexø 
harbour, by a commercial fisherman from Nexø (R220 “Britta”). The fish were caught using a hook 
and long line.  The fish were raised slowly from deep water in order to avoid barotrauma to the fish 
caused by the inability to decompress in time.  During transportation from the catch site to the 
harbour, the fish were placed into a fish transport tank with seawater which was constantly 
replaced. Surface sea water temperature was between 0-1ºC, salinity was 8 psu and pH was 7.1.   



(21)The good weather conditions and short transport time (1½ -2 hours) resulted in the fish arriving at 
 the quarantine facility in good condition.  


Table 3.1. Summary of data from collection of Baltic cod broodstock 


Date  Population  Position  Depth (m) 


No. of 


fish  Weight (kg) 


No. of 
 Mortalities 


07.03.06  Eastern  N 55 02 00, E 15 12 50 40-45  17  22.4  1 


N 55 03 00, E 15 11 50 30-35  23  34.2  0 


N 55 01 50, E 15 14 00 35-40  18  34.5  1 


N 55 01 00, E 15 11 50 27  30  50.1  0 


05.04.06  Western  N 54 56 40, E 12 28 40  14  38  73.4  1 


26.02.07  Eastern  N 55 09 73, E 16 24 41  60.3  143  150  3 


N 55 12 28, E 16 24 87  60.3 
 N 55 14 42, E 16 25 28  58.5 


03.04.07  Eastern  N 55 01 00, E 15 12 00  25-35  43  61.0  5 


Western Baltic fish (2006) 


The fish were collected on the 6th April 2006, approximately half a nautical mile southeast of 
 Klintholm harbour, by a local fisherman from Møn. The fish were caught using a seine net at 
 around 14 m depth. The fish were transferred to a pond with seawater that had continual water 
 exchange. The water around Klintholm had a temperature of 4ºC and a salinity of 8 psu (Source: 


www.dmi.dk). The fish were then collected by the hatchery staff and transferred to Bornholm by 
 road with a transport tank (volume 1m3). The total transport time was 9 hours.  


Eastern Baltic fish (2007) 


In 2007 the fish were collected from two locations and by two methods. In order to ensure that we 
 had broodstock from the Eastern Baltic, one tank of fish were collected from the eastern side of the 
 Bornholm Basin. These broodstock were collected on 26th February 2007 using a commercial 
 trawler (KR180 “Capricorn”). Three short trawls were made of 30 minutes (coordinates are shown 
 in Table 3.1). Each trawl took place at around 60m depth. After each trawl the fish were raised 
 slowly through the water column and the fish loaded onto the deck. They were subsequently sorted 
 and placed into a 2m3 holding tank on the ships deck. 143 fish in total were collected and 
 transported to the quarantine facility. From collection to arrival at the quarantine, the fish had a 
 travelling time of around 9 hours from the first trawl. The salinity of the transport water was 9psu 
 and had a temperature of around 3ºC. 


The remaining fish were collected on 3rd April 2007 by a commercial fisherman (R220 “Britta”) 
from the same location as in 2006. The fish were collected using line and hook from a depth of 25-
35m. Water temperature was 4ºC. Transportation of fish to land was the same as described for 
2006. 



(22)3.2.2. Size selection of fish  


It was important to collect fish that were of reproductive age. Male and female Baltic cod become 
 sexually mature when they reach a length of approximately 30cm and 40cm, respectively (Fig. 3.1, 
 Tomkiewicz et al. 1998). Therefore only fish with a minimum total length of 40cm were accepted, 
 i.e. that both males and females were sexually mature. It was most likely that fish between 35 and 
 45cm would be first time spawners, while cod over 55cm were expected to be repeat spawners 
 (Støttrup 2002). On paper, large broodstock are more desirable in that they are most likely to have a 
 higher fecundity and spawn over a longer spawning period compared to smaller fish and are most 
 likely repeat spawners (Kjesbu et al. 1996; Kraus 1997 as cited by Vallin and Nissling 2000; 


Trippel 1998). Moreover, large fish produce larger eggs and larvae that have a better chance of 
 survival (Vallin and Nissling 2000; Knutzen and Tilseth 1985).   
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Fig. 3.1. Proportion of maturing cod in the Baltic population during the first quarter, in the period 1996-2002.  n = 
 12.744, pF = 0.52 J. Source: J. Tomkiewicz (personal data). 


The total length of the fish (to the nearest centimetre) and wet weight (to the nearest 0.5g) was 
 recorded for all fish collected. In 2006 the broodstock collected from the eastern Baltic were 
 divided into two size classes; one group of “small cod”, with a total length ranging between 40-
 54cm and one group of “large cod” with a total length ranging from 55-85cm. This was to avoid 
 spawning competition between males of varying size which could reduce the genetic diversity of 
 the offspring produced. Studies have shown that during spawning events, larger males sire a 
 disproportionately higher percentage of offspring than smaller males in the same tank.  In addition, 
 the relationship between female and male size is an important factor in spawning success 
 (Bekkevold et al. 2002) 


During 2006, it was discovered that the smaller broodstock acclimatised better to captive conditions 
and were easier to wean onto dry feed than the larger fish. Therefore, the following year, it was 



(23)Fig. 3.3.  Tagging Baltic cod using external Floy tags. 


Fig. 3.2.  Cannibalistic broodstock cod 
 preying on subordinate fish in the size 
 range 40-50 cm. The tail tip of a newly 
 ingested cod can be seen in the mouth. 


This fish was released again. 


decided to collect small fish from the Baltic basin (40cm -
 57cm) plus some supplementary fish for the large broodstock. 


The supplementation of fish for the large broodstock proved to 
 be a poor strategy.  Territorial behaviour was expressed 
 towards the newly introduced fish. This resulted in 


“subordinate” fish declining to feed and large fish injuring, and 
 in some cases, preying on the subordinate fish (Fig. 3.2).  In 
 the end the larger fish were released again and new fish were 
 collected to restock this tank. However, the size variation 
 between these newly caught fish also resulted in injury due to 
 hierarchical behaviour. Once the larger fish were removed, the 
 remaining fish from the large group started to improve and 
 feeding resumed, however, egg production was limited (see 
 Chapter 4 for more details). It is very likely that such 
 hierarchical behaviour could reduce spawning effort of the 
 subordinate individuals in the tank. These behavioural 
 interactions need to be investigated further.  


3.2.3 Genetic determination of origin of broodstock 


It was important to have the fish collected genetically identified to confirm their origin.  Presently 
 the genetic baseline for eastern and western Baltic stocks from spawning populations is limited. The 
 RESTOCK project sampled fish from the spawning grounds of both the western Baltic population 
 (sampled in 2006) and Eastern Baltic population (sampled from the Bornholm basin in 2007). These 
 samples could be used to strengthen the genetic baseline.  In addition, those fish collected from the 
 northeast coast of Bornholm were also sampled so that they could be matched against the baseline 
 data.  


Sampling the broodstock fish required a biopsy of caudal fin tissue taken from all individuals 
 collected during the preliminary weighing and measuring of the fish.  Each tissue sample was stored 
 in 98% ethanol in a labelled 1.5ml centrifuge tube. These samples were subsequently sent to the 
 Department for Freshwater Fisheries, Silkeborg (DTU Aqua) for further genetic analysis.  This was 
 not a planned activity within this project but was initiated through cooperation and with other 
 funding.  


3.3 Marking, sexing, prophylactic 
 treatment 


3.3.1 Tagging 


All broodstock were tagged in order to follow 
their individual development. In combination with 
sex determination, tagging allowed individual 
males and females to be identified. Two types of 
tag were used; an internal and external tag. In the 
event that the external tag was lost the internal 



(24)tag could identify the fish. Floytags® (TBA-1, Hallprint fish tags, Australia) were used to tag the 
 fish externally. 


The tag was placed just below the anterior dorsal fin; between the first and second fin rays (Fig. 


3.3). In addition, VI Alpha tags® (Northwast marine technology, Inc., USA), were inserted 
 subcutaneously, posterior to the left eye. VI Alpha tags can be read with ultraviolet light.  All 
 needles used to tag the fish were sterilised between individuals to ensure that there was no transfer 
 of foreign tissue under the skin which could cause infection. The external tags proved extremely 
 useful for easy identification of individual fish without too much handling. External tag loss was 
 minimal (under 2%) and was caused during netting and transfer of fish. 


The fish were sedated prior to tagging by immersing them in a solution of Ethyl 3-aminobensoate 
 methansulfonate (MS-222) at a concentration of 75mg L-1 using artificial salt water (13psu) for 
 approximately 2 minutes. The water temperature was around 4ºC. After tagging the fish were 
 placed into clean saltwater to recover. No mortalities accrued due to sedation and tagging.  


The internal tagging proved to be time consuming and difficult when working in such cold 
 temperatures. These internal tags were therefore not used after the first collection of fish.  


3.3.2 Sex determination 


Sex determination of fish is an important tool both for aquaculture and stock enhancement. Sex 
 determination in some fish species is only possible in sexually mature fish during spawning season 
 where the female becomes swollen around the abdomen and male fish are spermiating. Sex 
 determination in cod out of the spawning season and particularly in juvenile is not possible without 
 post-mortem dissection.  Immunochemical detection of female specific proteins or analysis of sex 
 hormones is possible but only during sexual maturity. Catheterisation is also possible but is an 
 invasive process which is not always optimal. Therefore a non invasive method such as 
 ultrasonography, has potential to sex determine fish in the field. This method has been used to sex a 
 range of commercially important fish species, including Atlantic cod (Karlsen and Holm 1994).   


The fish to be tested were small Baltic cod that were collected from the eastern Baltic in February 
 2007. In early spring it was predicted that the fish would be maturing so that it would be possible to 
 see the gonads clearly but at the same time maturation is not so advanced that changes in the water 
 levels in the gonads would make it difficult to distinguish males from females (as described by 
 Martin-Robichaud and Rommens 2001). Scanning of the fish was carried out in cooperation with 
 Copenhagen University. The scanning was carried out using an Aloka SSD -500 ultrasound 
 machine, using a 7.5MHz linear array transducer (Japan). Penetration depth varied through out the 
 day. The penetration depth of the two scanning pictures shown in Fig. 3.4a and b was 6cm.  


An initial ultrasound trial was carried out on eight fish. These fish were sedated using MS222 (75 
mg L-1) and then measured and weighed. These fish were transferred to clean saline water. The fish 
were scanned using the ultrasound with the fish submerged. Cross sections were scanned of the fish 
gonads posterior to the gut region. In the initial trial the fish were subsequently sacrificed in order to 
build a reference data of sex and gonadal stage of development to the images recorded on the 
ultrasound monitor. Thereafter, 77 fish were scanned to determine their gender. Photographic 
images were taken of each scanning. In order to verify the results obtained from the ultrasound, a 
biopsy of the gonads was taken from 20 fish using a syringe placed left of the genital pore. The 



(25)tissue obtained from the biopsy was observed under a light dissecting microscope (25 x 
 magnifications). All mortality of fish was recorded for the month following the procedure.  


It was revealed that the ultrasound gave 85% accuracy in sex determination. It was also determined 
 that there was a 1.2:1 sex ratio of females to males in tank 3. The biopsy procedure did not invoke a 
 higher mortality compared to those fish that were scanned only. This was not as high as the 95% 


success in distinguishing male from female Atlantic cod by Karlsen and Holm (1994). The female 
 gonads were easily recognised as two ovoid spheres. The males were more difficult to distinguish 
 although the small dense particles dispersed in the body cavity could be identified as the reticulated 
 form of the testes. In general if the definitive form of the female ovaries were missing then the fish 
 was most likely male. In two individuals, the fish were found to be hermaphroditic with both ova 
 and spermatozoa in the gonad tissue.  


a) Female cod      b) Male cod 


Fig. 3.4.  Ultrasound scanning of a) female and b) male broodstock cod. The fish is inverted thus the abdomen is in the 
 upper part of the picture. The females gonads are fairly compact and form ”globe” like forms on the scanning. The male 
 gonads in comparison are grainy with loose structure in the abdomen. Photos courtesy F. Mc Evoy, Copenhagen 
 University. 


Overall, this method was found to be very reliable and posed minimal stress and handling of the fish 
 compared to other more invasive methods. In addition, taking a biopsy was possible to confirm the 
 ultrasound without any adverse effects to the fish.  


3.3.3 Prophylatic treatment 


Wild broodstock are known to be carrying a whole range of potential pathogens that could build up 
in a system where the water is recirculated. In addition, the captive fish are more vulnerable to these 
pathogens in the period of acclimatisation to their new surroundings. Therefore the fish were 
disinfected to remove ectoparasites, particularly from the skin and gills (see Chapter 8, for more 
precise details of the parasites found on the wild broodstock prior to treatment). After the fish were 
tagged, they were treated with 50mg L-1 formalin for one hour (2x2m tank, volume = 2.72 m3, 
13psu artificial salt water at 3.6ºC). There were no mortalities during or directly after formalin 
treatment.   
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3.4 Broodstock husbandry 


In the pre-evaluation of the project (Støttrup et al. 2005) the following conditions for cod 
 broodstock under captive conditions were recommended: 


•  Stocking density of 7-10kg m-3


•  Water flow should be sufficient to ensure over 80% oxygen saturation 


•  Ambient water salinity or 7-10psu 


•  Water temperature should be maintained between 5 and 9ºC 


•  Light intensity should be around 35 μE 


3.4.1 Stocking density 


Stocking density was between 8 and 13 kg m-3 (Table 2.2). In most tanks this was within the 
 recommended stocking density. Only one tank with 13 kg m-3 was slightly higher stocking density 
 than recommended. 


Table 3.2.  Summary of size class of Baltic cod broodstock stocked per tank and their eventual stocking density.  


Population Size category 
 (cm) 


Tank 
 no. 


No. of 
 fish 


Mean 
 length 
 (cm) 


Average 
 weight 
 (kg) 


Total 
 weight 
 (kg) 


Stocking 
 density 
 (kg m-3) 


2006       


Western  50-75  1  38  57.1 ± 5.5  1.9 ± 0.7  73.4  10.2 


Eastern  40-54  2  56  48.0 ± 5.4  1.1 ± 0.5  58.7  8.2 


Eastern  55-85  3  30  64.9 ± 8.1  2.7 ± 1.2  85.0  11.8 


2007       


Eastern  40-57  3  73  47.8 ± 3.4  1.1 ± 0.2  77.3  10.7 


Eastern  50-94  1  38  60.0 ± 9.7  2.2 ± 1.4  96,6  13.4 


3.4.1 Illumination  


Light was provided by two fluorescent tubes suspended over the tank. At the beginning concern 
 about the fish receiving too much light resulted in a test to see if the fish preferred shadier 
 conditions. The tanks were covered partly with some shading net. The fish did not seem to prefer 
 shadier conditions and therefore the net was removed again.  


3.4.2 Water quality 


The water salinity (Oxyguard® refractometer), pH (Oxyguard® pH meter), temperature and oxygen 
concentration (Oxyguard® polaris oxygen meter) was measured on a daily basis in each broodstock 
tank using portable measuring equipment. In addition, a temperature logger (HOBO water temp 
pro) was placed in each broodstock unit; recording the temperature every 20 minutes. This allowed 
the stability of the water temperature to be monitored throughout the day over a protracted period. 



(27)Dissolved ammonia (ionised and unionised), nitrite and nitrate concentrations were measured three 
 times weekly using hatch field testing kits (Hach Lange A/S).  


Temperature 


At the beginning of 2006 the water temperature was equilibrated with ambient water temperature in 
 order to prevent a temperature shock to the fish (3-5ºC). The water temperature was subsequently 
 maintained between 6-8ºC during the entire spawning period. After the spawning period the 
 temperature was raised to 12-13ºC in order to prime the biofilters. Increasing the temperature also 
 increased the appetite of the broodstock after spawning, reducing the likelihood of post spawning 
 anorexia. The temperature was then reduced again to 7ºC in March 2007 prior to spawning of the 
 cod in April 2007. This temperature was maintained for the rest of the project period. 


Salinity 


Baltic cod are known to have adapted to low salinities (salinities are as low as 7.5psu at the surface 
 layers in the southern Baltic region down to 17psu in deeper waters, Tomkiewicz et al., 1998), 
 although the distribution of cod within the Baltic is more associated with oxygen concentrations.  


The initial salinity for the broodstock tanks was determined by the minimum salinity required for 
 sperm motility and egg buoyancy (i.e. 11 -12psu, Nissling and Westin, 1997). Thereafter the 
 salinity was raised to an optimum salinity decided by the neutral buoyancy of the cod eggs observed 
 spawned in the tanks (16psu, see Chapter 4). The critical salinity was at the concentration where 
 spawned, fertilized eggs were positively buoyant and could therefore be collected from the water 
 surface. At the beginning of the season the salinity was raised to 17psu, and thereafter held constant 
 over the spawning season. Thereafter the salinity was raised to 20psu from 10th September 2006. 


This was in part to use the buffering capacity of the salt ions to control the toxity of the nitrite ions 
 that had started building up in the system as soon as the temperature was raised to 12 ºC and the 
 biofilter had a chance to prime itself. A salinity of 19psu was maintained throughout 2007.   


pH 


The pH ranged from 6.5 to 8.5, although over the majority of the period, the pH was held within 7 
 to 7.5.  It was discovered that if the pH became any higher than 8.0 the fish started to look stressed, 
 became dark in colour and lost appetite. Therefore it was vital to keep the pH within the ranges of 7 
 to 7.5. A decrease in pH is usually associated with the chemical transformation from ammonia to 
 nitrites and finally to nitrates, as an aerobic reaction takes place resulting in carbon dioxide being 
 released. It is commonly observed therefore, that the pH will reduce in a biofilter which is priming 
 itself.  This was not observed during the period from March to September 2006. Instead a raise in 
 pH associated with high ammonia levels were observed. This was a sure indication that the biofilter 
 had not primed itself properly. After the biofilter was allowed to prime itself the pH remained 
 constant between 7.0 and 7.5, 


Ammonia, nitrites and nitrates 


In order to have a fully functioning recirculation system the biofilter must be “primed”, i.e. the 
bacterial growth is such that there is an optimum concentration of Nitrosoma spp. (the group pf 
bacteria that oxidise ammonia to nitrites) and Nitrobacta spp. (those bacteria that oxidise nitrites to 
nitrates, the latter being much less toxic to fish). In order to prime a biofilter there must be the right 
bacteria types and concentration, an ammonia source and enough oxygen for the chemical 
conversion (not less than 5mg L-1). In addition, the growth of these bacteria is temperature-
dependant, with an optimal temperature of around 30ºC (Lekang and Fjera, 1997). Due to the delay 
for construction of the broodstock facility (due to shipment delays and a change of location), and 
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