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Abstrac t

This thesi ~ investigated the impact of two environmental factors on the

performance of larval striped wolffish (Anarhichas lupus) . Specifically, I describe the

impact of photoperiod and light intensity on the growth, survival, and feeding behaviour

of larval wolffish.

In the photoperiod experiment, larval wolffish were subjec ted to photoperiods

consisting of 12 hours Iightll 2 hours dark, 18 hours light/6 hours light, or 24 hours

continuous light. Results showed that a photoperiod of 18U 6D yielded the best survival

and growth after 50 days. Providing 24 hours light, a common technique in larviculture,

did not offer any advantage in terms of survival or growth compared to the l8 L treatment.

The higher performance results seen for the 18L treatment is attributed to the similarity in

photoperiod of the natural environment for the species.

The investigation into the effects of light intensity on the survival and growth of

larval wolffish compared intensities of 10, 40, 160, 320, 750, and 1200 lux. For all values

tested, survival and growth increased with increasing light intensity. A light intensity in

the range of750 lux-1200 lux produced survival rates of approximately 92.0% by day 50.

The effects ofl ight intensity (320 lux, 750 lux, 1200 lux) on the feeding and

activ ity of larvae were also investigated. The frequency of feeding increased with

increasing light intensity. The impact oflight intensity was most significant during days

30-40, a period corresponding to the switch from endogenou s to exogenous feeding in

larval wolffish. During this period, the larval in the highest light intensity treatment



(1200 lux) had significantly greater frequencies of feeding compared to the lowest light

intensity treatment (320 lux). By the end ofth e study (day 50), there was no difference

observed between treatments in terms of successful or unsuccessful foraging.

For the production ofl arval wolffish a photoperiod of at least 18L in conjunction

with 1200 lux is recommended for maximum growth and survival up to at least day 50

post-hatch.
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Chapte r I: General lnlro duclion-Cullu ring New Species

Market value, cost of production, and the quality of fanned fish have been

identified as decisiv e factors in assessing a new species' potential for aquaculture

development (filseth, 1990; Tilseth el al., 1992). In Atlantic Canada bio logica l

suitabilit y must be considered an equally important factor as any candidate species

investigated for prod uction must be able to tolera te sub-zero « O"C) temperatures for

significant portions of the year (Brown et al., 1992; 1995a). Factors dealin g with po litics,

economi cs, infrastruc ture, pollu tion and diseas e are also crucial to new species'

deve lopment and product ion success (Hempel, 1993). Con sequently, the development of

a new speci es will only be lucrati ve if the animal 's biolo gy is suited to the habita t where

it will be grown and if cooperativ e government/research, and industry alliances exists .

In general , there is usually an incentive or motivating factor driving the

development or expansion of the aquaculture industry. In 1990, wor ld aquacu lture

production reached approx imate ly 15 million metri c tonnes (mt), by 1998 this expanded

to approximately 30.8 million metric tonnes (FAO statistics, 2001). By the year 202 5, it

is estimated that 62.4 million metri c tonnes (mt) of aquaculture: produ cts are expected to

be produ ced . Since the world captur e fisheries will remain stable at abou t 100 million

metri c tonne s (mt), increased market demand will have to be filled through aqua cultu re

productio n (Hempel, 1993).

Trad itionally, the incentive for the aquaculture industry has not been to supply or

meet the world demand for seafood products. Instead , the northe rn and tempera te region s



have focussed their attention on high value finfish prod ucts. Although the Northern

European aquaculture industry has been dominat ed by salmonid s, several factors have

prompted research into culturing alternate cold water marine species. Factors such as the

fluctuations in the Atlantic salmon (Salmo salar) market caused by excessive world

supp ly and decreasing value in the international market (Strand et al., 1995) and

decreased landings in the tradit ional commercial fisheries have served as a strong impetu s

for expanding cold water production into other species. Similar ly, the impos ed

moratorium on the east coast Canadian groundfish fishery, which resulted in a drastic

shortage of once readily available fish, also prompted extensiv e investigations into cold

water aquaculture .

In an effort to deal with the situations mentioned above , the Northern European

and Atlantic Canadian aquaculture industrie s identified several finfish species, namely

halibut (Hippoglossus hippoglossus) , haddock (Melanogramm us aeglefi nus), cod (Gadus

morhua), and two species of Atlantic wolffis h, the striped wolffish (Anarhichas lupus)

and the spotted wolfish (Anarhichas minor) as potential candidat es for cold water

development {Tilseth, 1990; Brown et 01.• 1995a; Stefanussen et al., 1993). Since all

these speci es occur naturall y in the cold waters around Atlantic Canada and Northern

Europe, their suitab ility to the existing envirorunentlhabitat was not considered an

impediment to production.

Research into all aspects of aquacu lture production stages (brood stock, egg,

larval, juveni le/grew-out) is considered crucial for the success of the industry. Although



literature may be available for each product ion stage, caution should be exercised when

drawing direct comparisons between wild and cultured fish as factors dealing with

density, stress, feeding and environmental conditions are often inconsisten t (Blaxter,

I975a) and therefore nor directly applicable . When comparing wild to reared fish,

Blaxter (1975a) noted that variabilit y in behaviour (aggress ion, feeding), morpho logy

(abnonn al fins and heads, pigmentation), physiology (egg size, quality and fecundity) and

biochemistry (fat, water , and ash content in the body) does occur despite the fact that

growth rates and condition factors of cu ltured fish exceed those of the wild pop ulation .

Where inconsistencies occur, it is evident that problem speci fic researc h is essential for

resolving production impediments.

Norway 's success in culturing alternate cold water species is due in part to the

strong coopera tive effort among scientists , government and industry . Canadian industry

has taken the leading role in the selection of new species for culture and has fostered

relationships with scientists from provincial and federal governments as well as

universities in order to develop research activities. Scientists from both countries agree

when considering a new species for production, research and development must occur at

each stage of production in order for producers to incorpo rate science into the rearing

protocols.

In summary , striped wolffish is considered an ideal species for aquac ulture

production in the cold waters of Newfoundland due to its suitability to a cold wate r

environment. However, little research has been conducted on determining the specific



environmental requirements for the various development stages of this species. In

particul ar. having environmental protocols which are easily transferred into production

protocols remains an obstacle. The role of light (photoperi od and light intensity) in the

culture oftbis species is one key research area which remains largely unaddre ssed. Based

upon this lack of informatio n, the focus of my thesis is 10determine the photoperiod and

light intensity requirement s of the larval stage and to detennine the effect oflight

intensity on the feeding behaviour ofiarvaJ wolffish . In the following chapter a technical

review, including accomplishments and obstacles to culturing this species will be

presented for each stage of production.



Chapter Two: Technical Review ofWolffisb Culture

z. r Overv tew

The concept of developing wolffish as an aquaculture species originated in

Norway and Russia during the 1980's as fluctuations in the salmon aquaculture industry

created greater init iatives to culture alternati ve species. To date, the vast majority of

research and development for this species occurs primaril y in Norway but research

interest has also spread to Scotland and Atlantic Canada.

Wolffish are members of the family Anarhichadidae, with at least three species

Jiving off Canada 's Atlantic coast (Scott and Scott, 1988). The speci es include the striped

(Anarhichas lupus). spotted (A. minor) and the northern (A. denticulatus) wolffish.

Although both the spotted and striped species are considered aquaculture candidates, the

spotted wolffish has become the primary focus of aquaculture research . The solitary and

reclusive habit of the fish in combination with low comme rcial landings (usually reporte d

as a by-catch) create unpredictable market availabili ty, a situation conducive to

aquaculture development . Furthermore. the fillets cf wolffish are of excellent quality.

comprised of finn , white flesh. Fillet products can be smoked . pickled . or dried and even

the liver. bile and roe can be utilized. The skin can betanned into a fine leather (Butt .

1993; Moksness and Pavlov. 1996). and antifreeze proteins in the blood can be extracted

and utilized in the biotechnology industry, medical. and food indus tries (Wise man. 1997 ;

Brown, 1998). Consequently. the profitabili ty associa ted with total utilization of the

animal highlights the culturing potential for this species.



The natural ecology of wolffish, includ ing habitat preferences (Baruskov, 1959;

Beese and Kandler, 1969; Albikovskaya, 1982a; King et aI., 1989; Pavlov and Novikov,

1993), distribution and migrations (Powles, 1967; Jonsson, 1982; Templeman, 1984a;

Keats et aI., 1986a; Ortova et al., 1990), morphology (Barsukov, 1959; Jonsson, 1982;

Templeman, 1984b; Scott and Scott , 1988) and feeding (Albikovs kaya, 1982b, 1983;

Templeman, 1985; Keats et aI., 1986b) have been previously studied . For the purpos es of

this chapter, a review of the biology and ecology of the animal will not be presented.

Instead, an overv iew of each stage of aquaculture production (reproduction, egg

development, larval, and juv enile and on-growing) will be presented. A summa tion of

the scientific and industrial breakthroughs which have permitted the cu lturing of this

species, as well as some of the obstacles which stili remain for full scale production will

also be discussed.

:Z .:Z Broodstock and Reproduction

Estab lishing a wolffish broodstock which could produce eggs and spenn, and

subsequently larvae, on a consistent and reliable basis has plagued aquac ulturists since

first efforts were made to culture wolffish . Unlike many other fish species , wolffish (in

particular female wolffish) do not spawn readily in captivity. In fact, the only

documented cases of natural spawning in captivity were report ed for fish maintained in a

rearing facility for many years (Ringe et al., 1987; Ringe and Lorentsen, 1987). To dale,

artificial reproduction by insemination is the primary techniq ue used to obtain and

ferti lize gametes .



The first published report for successfully fertilizing wolffish eggs under artificia l

conditions and successfull y raising the larva, was by Pavlov and Novikov (1986) . In

addition to successful fertilization, this experime nt provided some initial informat ion on

sperm physiology. In 1991, a second successfu l artificial spawning and fertilization from

wild-ca ught broodstock was reported (pavlov and Radzkihovskaya, 1991) . During this

time, researchers also started to observe the reproductive behaviour ofwolffish .

Kvalsund (1990) was one of the first to suggest that wolffi sh was an internal

fertilizer based upon the following observations: I) males produced a very small vo lume

of milt (approxima tely 1.2 ml); 2) the time during which eggs are extruded (15-20

minutes) is inadequate for fertilization of eggs with such a small quantit y of sperm ; 3) the

urogenital papilla which develops in males may function as a copulatory organ ; 4) there is

periodic close contact of the female and male prior to egg ovulation . Observa tions on the

spawni ng behav iour ofwolffish by Johannesson et al. (1993) also supported the

hypothesis of internal fertilizat ion.

Additional research conducted by Pavlov (1994a; 1994b) and by Pavlov and

Moksness (1994a) further confirmed that wolffish were indeed internal fertilizers. In

water, the ability of eggs to be fertilized decreased, but without water , and in ovarian

fluid, the capac ity for fertilization increased to approximate ly six hours . A contact period

of at least two hours was determined necessary to ensure high fertiliza tion success (90­

95%) . It has also been determined that a temperature ofO"C allowed sperm to remain

fertile for up to ten hours. After this time, sperm viability decreased .

Subsequent research conducted by Pavlov and Moksness (1994b; 1995;1996a)



resulted in rapid impro vements and refinements in art ifici al insem ination , and yielded a

tremendous amount ofinfonnation on egg and spenn quality . Thes e advancements were

quickly followed by a repeat maturation and spawni ng of captive broodst ock (Pavlov and

Moksness, 19% b) and an understandi ng of the biologica l, physiological, and

envirorunental factors which affect the quality of gametes and the succ ess of art ificia l

reprod uctive techno logy (Pavlo v and Moksnes s, 1994a ; 1996a; 1996b; Pav lov et aI.,

199 7).

As a result of this researc h two methods of artific ial fert ilizat ion (internal and

externa l) were deve loped (Pav lov, 1994a; 1996a ; I996b; Pavlov et aI., 1997). Interna l

fertiliza tion is acco mplished by introducing milt into the oviduct of the female.

Approximately 10·25 ml of sperm solution is injected with a syringe into the genital

opening into the mid dle of the ovary . After insem inatio n, fema les are kept in holding

tanks for four to six hours, after which they are stripped of their eggs. A time frame of

four to six hours is used because after six to eight hours, the fema le releases her eggs

into the water and the eggs adhere together.

External fert ilization consists of strippi ng ripe fema les and males and mixing the

game tes (eggs and ovarian fluid with milt). The gametes are placed in a cylinder with the

sperm dilutant (Ringer's solution) and the cylinder is inverted up to 20 times durin g the

first hour (fewe r inversio ns therea fter). Gamet es are maintained at a temperature of

-4.7"C for four to six hours (a sufficien t enough time to ensure approx imatel y 100"10

fertilizat ion) . Ferti lized eggs are then removed and distributed over the botto m of special

trays to prevent st icking . No differences in the quality of eggs were determined for either



the internal or external fertilization techniques. To ensure good quality of game tes and

successfu l high fertilization rates : I) the concentratio n of sperm should exceed I .Oxl0 6

per ml; 2) one female should he fertilized with the sperm of severa l males ; 3) use of the

cylin drica l chamber for insemination enables the concentration of sperm to be

maximized; 4) Ringer 's solution is recommended as a dilutant instead of seawater

becaus e it enables sperm to live longer in the ovarian fluid and prevents egg swelling; 4)

eggs and sperm should be in contac t for at least 2 hours to ensure high fertilization

success; 6) activation and fertilizat ion of eggs by spermatozoa and the initial developm ent

of eggs should occur in the ovarian fluid, however, eggs should be released into seawater

before the beginning of cleavage to ensure subseque nt normal deve lopment; 7) to prevent

fertilized eggs from sticking together in clumps , eggs should be placed in static seawater

(five to six hours) and then separat ing individually on a speci al tray before flushing the

remaining ovarian fluid from the egg surface (Pavlov, 1994b; Pavlov and Moksness ,

1994a; Pavlov and Moksness, 1996a; I996b; Pavlov et aI., 1997).

The importance of environmental influences on the successfu l spawni ng and

ferti lization ofwolffish was presented by Pavlov and Moksness (1994301996a) and

Pavlov et al. (1997) . At temperatures below 1000C egg fertility is increas ed and is

accompanied by fewer resorbed eggs . Normal egg ripening in females requires that

broodstock be kept at a temperature below 1000e for at least four months before ovulation.

For spermato zoa, which are activa ted in seminal plasma, sperm are able to remain motile

for up to ten days, provided they are kept at temperatures close to O°C. Motility, and

viability decrease significant ly as the temperature increases .



More recent researchon temperature effects on broodstockhave indicated that the

temperatures experienced by the broodstock during breedingseason affects both the final

maturation, the timing of ovulation, and egg quality (Tveiten and Johnsen, 1999; Tveiten

et aI.,1999; 2001).

Photoperiodhad no effect on spawning males (Pavlov et al., 1997). Photoperiod

affectedfemale maturation timeand resulted in a protracted period of egg maturation,

thereby confirming an endogenous rhythm in the control of reproduction(Pavlov and

Mcksness, 1994a). There is also evidence that the intensity of light may affect spawning

and egg quality. In a technicalreport by Moksness and Pavlov (1996), they stated that

strong light intensities caused premature release of eggs of lower quality. Unfortunately,

no experiments wereconducted on the effectsof light intensity on spawning and gamete

quality.

Other variables such as rearing female broodstoekin the presence of males, and

diet quality andcomposition fed to the broodstockare believed to be important factors in

obtaining highquality viable eggs year-round(pavlov and Moksness, 1994a).

2.3 Egg Incubation

For wolffish, the period of egg incubationfrom fertilization to hatch, is

approximately 1000degree days. Egg masses whichhave been incubated underambient

water temperaturesexperiencednormalegg hatchingand subsequentlarval development,

despite negative ambientwater temperatures. Pavlov and Moksness (1995) attempted to

determine the incubationtemperatureswhich could shortenembryonic development
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whileensuring normalontogeny. The results indicated that successful incubation of eggs

was possible at temperatures between5-11°Cbut the highest incubationoccurred at lower

temperatures (between5-7"C). A temperatureof 9°Cseems to be the upper limit for

normaldevelopment. Beyondthis temperature, many fin rays (particularly pre-caudal

parts of dorsal and anal fins) wereabsent.

The results suggest a temperature regime for minimizing wolffish egg incubation

time could be: incubate at 7"C fromegg fertilizationto the morula stage (2 days);

incubateat 11°C fromthis stage to 50% vascularizationof the yolk sac (30 days);

incubateat T'C fromthe latterstage to formationofrays and caudal and pectoral fins (57

days); H OC from the latter stage to hatching(104 days).

Pavlov and Moksness (1993) stated that bacteria livingon the surfaceofwolffish

eggs may cause low gas exchange,gradualdestructionof egg membranes, premature

hatching of embryos, and high mortality. They recommendedtreating eggs with a

gluteraldehyde bath. Current practice {Falk-Petersen et al., 1999)is to use a

gluteraldehyde treatmentof ISOpartsper million twice a month to deal with the growth

of microorganismson eggs. The authors state that prematurehatchinghas been a

problem in individual egg bathes althoughthey do not fully understand the reasons for the

prematurehatching.

Breakingthe egg masses into smallerportions, and incubatingthese pieces in

Heath Tray TIll units (standardegg incubationequipmentused for salmonids)was a good

method for egg incubationin Newfoundland. The units consistedof several trays, and

had a high water flowwhich cascadeddown through the trays. High water flow, along
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with an air hose for each tray, and regu lar cleaning of the systems resulted in high

proportions of nonnallarvae, with little egg mortalit y, and little bacteria l infect ion

(Hal fyard, 1995, pees. comm .; Watkins, 1995 pers. comm .; Wiseman, 1997).

2.4 Larval Stage

At hatchin g, wolffish larvae are appro ximately 20 mm long, they have large

pigmented eyes, pigment ed skin, developed fins, approximat ely 50 teeth, and little to no

yolk sac (Barsuko v, 1959; Moksness and Pavlov, 1996). This contrasts with the majo rity

of marine finfish larvae, which generally hatch at 2· 5 rom in length , with little or no

pigmentation, poorl y developed sensory systems (e.g. poor eyes and vision) , and have a

huge yolk sac. Most of these fish larvae live off their huge yolk sac until a functional

mouth and digestive system develops and the larvae are able to switch from endo genous

to exogenous feeding . Generally these larvae , undergo an energet ically demand ing

metamorphosis, and survival beyond this stage is very low (Blaxter, 1981). Larval

wolffish however, are capable of eating within days after hatchin g and do not go through

a distinctive and stressfu l metamorphosis.

In general, marine larvae are usually stan-fed on small, wild or cultured plankton

(e.g., roufers) , and are successively weaned onto larger, cultured zooplankton (e.g.,

Anem ia) before weaning onto comm ercial pellets. The advanced "juvenile-like" stage of

larval wolffish, as well as a review of the diets from wild-caught larvae {Falk-Petersen et

al., 1990) suggested larvae are capable of eating large prey items soon after hatchin g,

thereby eliminating the need for smaller live-food items .
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Preliminary research on first-feeding in larval wolffish indicated that high survival

waspossibl e if larvae were fed a diet of wild zooplankton and that other diets such as

Anemia. fish products. or commercial pellets compromised survival during this period

(Ringe et al. , 1987). Ringe et al. (1987) found newly hatched wolffish fed diets of wild

zooplankton had a survival rate of97%, at day 120 post-hatch, compared to larvae fed on

a prepared codroe diet which had 0% survival , at day 50 post-hatch. Diets of dry pellets

(varying moisture levels) alone , or in combination with Anemia, failed to achieve the

survival rates obtained by Ringe et at. (1987) . In the initial study (Moksness et al.; 1989)

higher survival rates were obtained when larvae were fed Artemia in combination with

the dry pellets versus dry pellets alone, implying Anemia provided some additiona l

benefit to first-feeding larvae than dry pellets alone could not provid e.

Additional studies conducted by Blanchard (1994) and Wiseman (1997) using

only Artemia as the diet for first-feeding wolffish larvae, revealed that regardless of prey

density , survival rates were much lower for wolffish fed Artemia than for wolffish fed

wild zooplankton (Ringe et al.; 1987). Wiseman (1997) conducted experiments where

larvae were fed varying densities of enriched Anemia (100 perIL, 900 preylL) in

combination with a commercial diet feed to excess. At the end of the study (9 weeks

post -hatch), larvae fed prey at high densities (9001L and dry food) had a final surviva l of

94.3%. Results from the behavioural analysis revea led that larvae fed significantly more

on Anemia during the critica l period (up to 5 weeks post hatch) (Wiseman , 1997).

However, by weeks 6-7 the larvae fed equally on Anemia and dry feed and by week 7,

the larva preferred dry food, having weaned themselves off Anemia (Brown et al., 1997).
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The wolffish's ability to "self-wean" in the presence of suitable diets, can be considered

a benefit with respect to potential commercial production.

More recent studies conducted by Hendry and Halfyard (1998) compared the

growth and survival rates of larvae fed three different diets. Results indicate the survival

of the larvae was greatest with enrichedAnemia/dry diet (>90%), followed by unenriched

Anemia/dry diet (>80%), and finally the dry pellet only (76%). These results support the

theory that the presence oflive food during the first feeding stage promotes the instinctive

predatory response while the Anemia (particularly, the enriched fonn) offers some

nutritional contribution 10 the larvae (Brown et ai., 1995b; Hendry and Halfyard, 1998).

In Norway, a study conductedby Strand et al. (1995) demonstrated it was

possible to start-feed larvae and obtain high survival by using only a commercial diet. In

this report, larvae were fed two commercial diets (diet A: floating pellet, diet B: sinking

pellet) for 60 days post-hatching. At the end of the study, both growth and survival were

higher among larvae fed diet A (final survival 82%). The authors postulated that a

floating diet stimulated a higher start-feeding incidence due to larvae more readily

attacking the floating diet. Start-feeding larval wolffish solely on commercial pellets is

the preferred and most commonly used technique in Norway.

One constant noted among aJl the feeding studies was the time frame during

which significant mortalities occurred(Moksness et al. 1989 (days 20-49); Blanchard,

1994 (days 27-36); Strand et al., 1995(days 22-40); Wiseman, 1997 (days 21·35). Day

20-40 post-hatch therefore represent a critical period for larval wolffish growth and

survival. This time period corresponds to the total absorption of the yolk sac and a switch
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from endogenous to exogenous feeding. High mortalities observed at this time were

attributed to a failure of larvae to initiate feeding and an unsuccessful switch to the

exogenous food provided (Strand et al., 1995; Wiseman, 1997).

In addition to ensuring optimal dietary requirements. factors such as optimal

environmental and rearing conditions also affect the growth and survival of a species.

For example, temperature is known to be an important variable in rearing larval fish as it

can affect incubation time, size at hatch, yolk utilization efficiency, growth, feeding rates,

time to metamorphosis, behaviour, swimming speed, digest ion rate, gut evacuation, and

metabolic demand (Blaxter, 1988). For most species, growth rate tends to increase with

increasing temperatures until the optimal growth rate is reached and beyond this "optima l

temperature" growth rate decreases (Jobling, 1983).

Various studies have indicated that wolffish are capable of tolerating a wide range

of water temperatures (1.0-13.7'C) during rearing (Stefanussen et al., 1993; Ringe et al.,

1987; and Moksness, 1994). A study by Moksness (1994) on the growth rates of striped

and spotted wolffish recommended a temperature of between 7-9"C. It was recommended

that rearing temperatures not exceed urc,especially for the spotted wolffish, which

appear to have a lower optimal temperature of the two species.

Temperature studies conducted by Wiseman (1997) on larval wolffish showed

that for the first 6 weeks post hatch, temperatures should be between 4·goC. Temperature

affected survival oflarval wolffish up to 6 weeks post-hatch but not after this period.

These results indicated that fish reared in lower than optimal rearing temperatures may

have been unsuccessfu l in their transition from endogenous to exogenous feeding and the
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inadequate rearing temperatures prevented the larvae from feeding at a level that met their

metabolic demands.

2.5 Juv enile/On-Growing

For production purposes. one of the first studies on the feeding behaviour of

juvenile wolffish was conducted by Ortova et al. ( 1989) . This study revealed that the

frequencyof food ingestion depends on water temperatures wherejuveniles held at high

temperatures (6-10"C) feed daily. However, at low temperatures «()'2GC) the intervals

between ingestion of food areincreased 10 2-3 days.

Diet composition and the processing technique used to formulate the commercial

diets are crucial to maximizingjuvenile production. According to Stefanussen et al,

(1993) in order to achieve a high growth rate in wolffish, the feed composition should

have a high protein concentration (>5Q&1o) and a low carbohydrate content (<20%). High

fat content in the feed results in higher fat content in the fillet and an enlarged liver.

whereas the water content in the feed did nOIaffect the growth rate. Moksness et al,

(1995) compared moist (squid diets), regular fish meal diets, and low temperature (L T)

processed dry pellets and found there were no differences in growth, feed conversion,

protein efficiency rate, or productive protein values between the moist and LT diets.

However. the LT had better results in all parameters when compared to the regular diet.

With respect 10 rations, Ortova et al. (1989) found that for adult wolffish daily feeding

rations were maximal at 9- 1O"Cand that O- I"C was close to the critical temperature for

feeding.
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higher densities by using re-sorting of fish to preven t starvatio n and mortalities of the

smallest fish. Moksness and Pavlov (1996) reported that yearlings and adults have been

successfu lly maintained without mortalities at stocking densities of 100 kglm 2
• Fam

(1997) determ ined 50gIL to be sufficient , while increased densities lowered feed

conversio n ratios and lower dens ities affected the protein efficiency ratio.

Dete rmining the optimal environmental requirements is essential for any stage of

production. For wolffish juveniles, little is known about their light requirements . Pavlov

(1995) determined thai newly-hatched larvae react positiv ely to light but during the

course of ontoge nesis they become increasingly demersal and the role of light and visio n

in the search for food decreases. It was also noted that in winter and autumn, juven iles

periodicaJly discontinue feeding and that growth rates decreased implying a seasonal

rhythmpossibly linked to the decreasing photoperiod at this time. Moksness and Pavlov

(1996) noted that the positive reaction of juven iles to light disappears in fish greater than

1 g in weight and longer than 50-60 mm. They also suggested that continuous light was

important during the pe lagic phase ofwolffish and that the strong reactions oflarvae and

juveniles to light could be used as a manage ment 1001 for their behaviour.

Feed ing frequency studies for juvenile wolffish determined that feeding rates

varied from every day for smaller wolffish 10 every other day for larger fish (Stemarrso n

and Moksness, 1996). Studies conducted by Ortova et at. (1989 ) and Fam (1997 )

confirm thai feeding of large j uveni les need only occur every second day.
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2.6 Concl usion

In summary. much of the rearing technology for this species has been determined .

The role of light (photoperiod and light intensity) consistently remains an area which

needs to be addressed for each stage of production . In the following chapters the role of

light on larval production is examined. The objectives of my study are: 1) to detennin e

the role of photoperiod on growth and survival oflarval wolffish ; 2) to determine the role

oflight intensity on the growth, survival. and feeding behaviour oflarval wolffish; and 3)

to recommend light protocols which can be incorporated into hatchery culture

technology.
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Chapter 3: Th e Effect ofPbotoperiod on La rval Wolffisb Growtb and Survival

3.1 Introduction

Wolffish have been identified as a strong candidate for cold water aquaculture due

in part to an inconsistent market supply and its potential biological suitabi lity to cold­

water rearing. Relative ease in larval and juve nile production, good quality flesh (fillet),

and small landed quantities from the commercia l fisheries have highlighted the wolffish's

appeal as an aquaculture candidate. Research on the culture of striped (Anarhichas lupus)

and spotted wolffish (Anarhichas minor) is presently underway in Newfoundland,

Quebec, Norway, and Scotland.

Many of the culture techniques dealing with reproduction (pavlov, 1994a,b;

Pavlov and Moksness, 1994a; 1994b; 1996a; 1996b), egg incubation (pavlov and

Moksness, 1993; 1994a; 1995). temperature requirements (Pavlov and Moksness,

1994a,b; 1995; I996a,b; and Wiseman 1997 ), diet and feeding protocols (Moksness et

al., 1989; Ortova et 01., 1989; Stefanussen et al., 1993; Moksness, 1994; Pavlov and

Moksness, 1994a; Moksness et 01., 1995; Pavlov, 1995; Strand et al., 1995; Wiseman,

1997), stocking densities (pavlov, 1995), and growth rates (Stefanussen et aI., 1993;

Moksness, 1994; Moksness et 01., 1995; Pavlov, 1995), have been determined for this

species.

Despite the tremendous amount of research conducted on wolffish, the role of

photoperiod in wolffish culture remains largely unknown. For broodstock, it is known
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that under natural conditions spawning is apparentl y synchronized by the decrease in day

length during the summer and autumn months (Moksn ess and Pavlo v, 1996). During

laborato ry trials Mok sness and Pavlov (1996) experimentally altered the photop eriod of

their broodstoek (from 18L:6D to 6V1 8D) and observed a failure offish to spawn in over

50010 of the females subjected to the altered photoperiod . These results indicated that the

light cycle plays a role in the detenn ination ofwolffish spawn ing time and suggests the

possibility for the management of final maturat ion by seasona lity (day length) . Despite

the limited information on the effects of photop eriod on wolffish, the effects of

photoperiod on other fish species have been extensively studied.

Several authors have shown that photoperiod has a significant effect on the

biology and behaviour of fish. Photoperi od and light intensity may affect growth and

survival via a number of physiological pathways. For example, Fuchs (1978) stated light

stimuli affects sensory receptors in fish (eyes, pineal gland) , and induces chang es in their

physiology. Photoperiod and light may also exert direct effects on the behaviour of an

organism , not necessarily linked to any endogenous rhythm (Richus and Winn , 1979).

Such beha viours include the activit y of fish (Schwassmann, 1971; Britz and Piennar ,

1992) , reprodu ction (gonad maturati on, gamete product ion/fecundi ty, delaying or

synchronicity of the spawning seasons; Baggerman, 1980; Ridha and Cruz, 2000; Loir et

aI., 2001; Rodrigue z et al., 2OCH ), physiology (e.g. thyro xine levels; Noeske and Spieler,

1983). feedin g behaviour (Schwassmann , 1971; Tandler and Helps , 1985). response s to

visual stimuli, diurna l rhythm, and vertical migration , (Blaxter, 1966; 1968a,b; 1973;

1975b ; Rahmann et al., 1979).
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The response of fish to light is not only species specific but varies with the stage

of development. The responses to ligh t levels may be con sistent thro ugho ut the

deve lopme nt stages or it may vary. For examp le, yolk-sac larva e of Atlant ic halibut

(Hippoglossus hippoglossus) develop abnonnally in the presenc e oflight (Bolla and

Holmefjord , 1988), whereas juvenile-adult stage hal ibut exposed to contin uous light (24

light) had higher growth rates compared to those raised under shorter pho toperiods of8

hours lightl1 6 hours darkness (Simensen eral.; 2000) . Variatio n in light requ iremen ts

within a species can also beseen for yellowta il flound er. Experime nts conducted on

yellowtai llarvae tPleuro nectes fe rrugineus ) demonstrated that highe r growth and

survival rates were obtai ned under conti nuous light (Puvanendran, I999b; unpublished

data) whereas for the j uveni le stage (same spawni ng batch as the larvae desc ribed above)

a pho toperiod of 12 hours lightprod uced comparable growth and survi val rates to those

raised under continuous light (Purchase and Brown, 1997) .

The nature and extent of the effect of increased photoperiod on growth and

survival of a species can vary greatly desp ite simi larities in developm ent, hab itat,

morp hology and physiolo gy (Bar low et ai., 1995). As an example, Tand ler and Helps

(1985) demonstrated tha t for the first 12 days, larva l gil thead sea bream (Sparus aurora)

surviv e better under 24 hours light versus 12 hours light. However, Do wd and Houde

(19 80) show ed that 13 hours of light resulted in the best growth and survi val of larval sea

bream (Archosargus rhomboidalis ) up to day 16 post -hatch. For larva e of yellowtail

flound er (Pleuronecres f errugineus) continuous light resul ted in improved growth,

surviva l and specific growth rates (Puvan endran , 1999b pers . comm .) however, in
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summe r flounder (Paralichthys dematus) , continuous light offers no benefit to growthor

survival (Huber et ai, 1999). Conseq uentJy, selecting an optimal photoperiod for

max imum growth and survival , for any new species shou ld be based on experimentation.

No studies have been conducted on larval wolffish concerni ng the effects oflight

on the surviva l or growth oflarvae. During larval studies , photoperiods ranging from 16

hours to 24 hours light have been used without explanation (Moksness et al., 1989;

Moksness, 1990; Strand et aI., 1995; Moksness and Pavlov, 19% ; Wisem an, 1997). The

objectiv e of this study was to determine the effect of photoperiod on the growth and

survival oflarval wolffish . The hypothesis that increased photoperiod will result in

increas ed growth and survival ofwolffish larvae was tested.

3.2 Materials aad Metbods

3.2.1 Egg Collection and Larval Selection

During October 1994, wolffish egg masses were collected by SCUBA divers in

Bauline, Conception Bay, Newfoundland. Egg masses were transport ed to the

Wesleyv ille Marine Finfish Hatchery, in Wesleyville, Newfoundland (Fig. I) . At the

hatchery, egg masses were broken into single layers of eggs and incubat ed in up-welling

vertical tray incubators at a density of approxima tely 1000 eggs/tray until hatching.

Ambient seawater was used during incubatio n. To prevent bacterial infect ion, all egg

masses were disinfected twice week ly using a glutera ldehyde-seawater bath (Salvesen

and Vadstei n, 1995). Disinfection ended when the larvae started hatching.

At 0- 12 hours post-hatch, larvae from three egg masses were randomly selected
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from the incubation trays and transferred to the Ocean Sciences Centre . Memo rial

Univer sity. Logy Bay, Newfoundland, for experimentation.

Fish were randoml y distribu ted in the experi mental tank s at 6-14 hours post -hatch

and acclimatized for an addit ional 24 hours prior to starting the experi ment. The initial

stockin g density for the tank s was 5 fishfL (Pavlo v, 1995) with equa l proportions of the

thre e egg masses stock ed in each tank . Mortali ties obs erved during this time were

removed and replaced with new fish . Day I represents the day on whic h the experimen ts

started (28-40 hours post -hatch).

3.2.2 Photoperiod Protocol

Thr ee photoperiods: 12 hours lightl12 hours dark (12L ; 8:00 a.m.· 8:00 p.m.), 18

hours Iighl/6 hou rs dark (I 8L; 8:00 a.m.-2:00 a.m.), and 24 hours light (24L) were

selected for experi mentation. To avoid possibl e light interference, each photoperiod tria l

was conducted in a separat e light-co ntrolled room .

A light intensity of 750 lux was used for all treatments and was achie ved by

placin g incand escent bulbs appro ximately I metre above the test tank s. A 20 minute

twilight period (180 lux) was activated before and after the main lights were turned on/o ff

in order to avo id light -shocking the larvae (Mork and Gulbrandsen, 1994) . AlIlighlS

wer e controlled electronicall y with a timer . Light intensiti es (recorded in writs of lux)

were measured at the water 's surface using a SPER Scientifi c Light Meter .

Nine (3 replicate tanksper treat ment) flow-through, rectan gular , glass aquaria (45

cm x 30 cm x 30 em, 30 L) were used as experimental tanks. Th e four wa lls (sides ) of

25



the glass tanks werecoveredwith black plastic to control outside disturbances and limit

mirror reflections within the tanks (Pearce, 1991; Barlow et al., 1995; Naas ec al.; 1996).

The mean ambient sea water temperaturewas 6.O"C (range: l .g-12.0"C). Water flows

were adjusteddaily to maintain a temperature between 6-8°C(Wiseman, 1997).

Each treatmentreceived three daily feedingsof Artemiafranciscana nauplii (1000

preylL) and a commercial dry pellet fed to excess (Wiseman, 1997), during light hours

(10:00 a.m., 2:00 p.m., 6:00 p.m.) . Artemia decapsulation and enrichmentwere in

accordance with Anemia Systemsstandardmanual (Sorge1oos et al., 1986). A fourth

(dry food only) supplemental feeding was given to all treatments at 5:30 a.m. which

coincided with the dark hours of the 12L and 1BL treatments. Dry pellets were observed

to sink to the bottom of the tanks shortly after introduction. A previous weaning study

conductedon the feeding behaviour of larval wolffish demonstrated that they can feed on

dry food on the bottom of the tanks (Wiseman, 1997), thereby ensuring that fish in each

treatment had an opportunityto feed on the fourthsupplemental ration. The photoperiod

experiment was terminatedon day 50.

3.2.3 Measurements and Analysis

~

All tanks were siphoned daily, prior to first feeding, to remove excess feed and

feces. Mortalities observedduringcleaning were removed and recorded.
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GrowthMeasurements

Initial (day I) size measurements were conducted on a sub-sample of larvae from

each of the three egg masses. Thirty fish (10 from each egg mass) were measured for

standard length and wet weight. In order to avoid introducing potentially stressed or

moribund fish into a treatment, none of the fish used in the initial measurements were

placed in the experimental tanks. Subsequent growth measurements were performed on

sub-samples of fish (10 larvae) randomly chosen from each experimental tank.

Measurementswere recordedevery ten days until the experiment was terminated,

Protocolswere as follows:

Wet weight

Wet weightswere recorded for each ofl he 10 larva in the sub-sample. Fish were

removed fromthe experimental tanks with a dip-net and excess sea water was removed

fromeach larva by gently towel drying the fish. Fish were placed in a pre-weighed, petri

dish which was filled with sea water. A top loading Mettler PC 4400 scientific balance

was used to record measurements to the nearest hundredth (0.01) of a gram (g).

Standard length

To determine standardlength, individual fishwere transferred frOm the weighing

dish to a measuring dish. The measuring dish was a modifiedpetri dish equipped with a

flexible, plastic,holding chamber (used to enclose the larvae and prevent it from

swimming), and a metric ruler for measuring the lengthsof the fish. Based upon
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