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Abstract

This thesis investigated the impact of two environmental factors on the
performance of larval striped wolffish (4narhichas 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 subjected to photoperiods
consisting of 12 hours light/12 hours dark, 18 hours light/6 hours light, or 24 hours
continuous light. Results showed that a photoperiod of 18L/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 18L treatment.

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

of the natural envis 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 of 750 lux-1200 lux produced survival rates of approximately 92.0% by day 50.

The effects of light intensity (320 lux, 750 lux, 1200 lux) on the feeding and
activity of larvae were also investigated. The frequency of feeding increased with
increasing light intensity. The impact of light intensity was most significant during days
30-40, a period corresponding to the switch from endogenous to exogenous feeding in

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



(1200 lux) had signi greater ies of feeding d to the lowest light

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

observed between in terms of or foraging.

For the production of larval wolffish a iod of at least 18L in

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

post-hatch.
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Chapter 1: General Introduction-Culturing New Species

Market value, cost of production, and the quality of farmed fish have been
identified as decisive factors in assessing a new species’ potential for aquaculture
development (Tilseth, 1990; Tilseth et al., 1992). In Atlantic Canada biological
suitability must be considered an equally important factor as any candidate species
investigated for production must be able to tolerate sub-zero (<0°C) temperatures for
significant portions of the year (Brown et al., 1992; 1995a). Factors dealing with politics,
economics, infrastructure, pollution and disease are also crucial to new species’
development and production success (Hempel, 1993). Consequently, the development of
anew species will only be lucrative if the animal’s biology is suited to the habitat where
it will be grown and if cooperative government/research, and industry alliances exists.

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

p! or ion of the industry. In 1990, world aquaculture
production reached approximately 15 million metric tonnes (mt), by 1998 this expanded
to approximately 30.8 million metric tonnes (FAO statistics, 2001). By the year 2025, it
is estimated that 62.4 million metric tonnes (mt) of aquaculture products are expected to
be produced. Since the world capture fisheries will remain stable at about 100 million
‘metric tonnes (mt), increased market demand will have to be filled through aquaculture
production (Hempel, 1993).

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

meet the world demand for seafood products. Instead, the northern and temperate regions



have focussed their attention on high value finfish products. Although the Northern
European aquaculture industry has been dominated by salmonids, 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
supply and decreasing value in the international market (Strand ez al., 1995) and

fisheries have served as a strong impetus

d d landings in the
for expanding cold water production into other species. Similarly, the imposed
moratorium on the east coast Canadian groundfish fishery, which resulted in a drastic
shortage of once readily available fish, also prompted extensive investigations into cold
‘water aquaculture.

In an effort to deal with the situations mentioned above, the Northern European
and Atlantic Canadian aquaculture industries identified several finfish species, namely

halibut (Hi i ), haddock (: ), cod (Gadus

morhua), and two species of Atlantic wolffish, the striped wolffish (4narhichas lupus)
and the spotted wolfish (4narhichas minor) as potential candidates for cold water
development (Tilseth, 1990; Brown et al., 1995a; Stefanussen et al., 1993). Since all

these species occur naturally in the cold waters around Atlantic Canada and Northern

Europe, their suitability to the existing envi itat was not i an
impediment to production.

Research into all aspects of ion stages egg,

larval, juvenile/grow-out) is considered crucial for the success of the industry. Although



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

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

density, stress, feeding and envi itions are often i i (Blaxter,

1975a) and therefore not directly applicable. When comparing wild to reared fish,

Blaxter (1975a) noted that variability in behavi ion, feeding),

fins and heads, pi ion), physi (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 cultured fish exceed those of the wild population.
‘Where inconsistencies occur, it is evident that problem specific research is essential for
resolving production impediments.

Norway’s success in culturing alternate cold water species is due in part to the
strong cooperative 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 idering a new species for ion, research and P! ‘must occur at
each stage of ion in order for prods to i science into the rearing
protocols.

In summary, striped wolffish is considered an ideal species for aquaculture
production in the cold waters of Newfoundland due to its suitability to a cold water

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



environmental requirements for the various development stages of this species. In
particular, having environmental protocols which are easily transferred into production
protocols remains an obstacle. The role of light (photoperiod and light intensity) in the
culture of this species is one key research area which remains largely unaddressed. Based
upon this lack of information, the focus of my thesis is to determine the photoperiod and
light intensity requirements of the larval stage and to determine the effect of light
intensity on the feeding behaviour of larval 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 of Wolffish Culture

2.1 Overview

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 initiatives to culture alternative species. To date, the vast majority of
research and development for this species occurs primarily 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
living off Canada’s Atlantic coast (Scott and Scott, 1988). The species include the striped
(Anarhichas lupus), spotted (4. minor) and the northern (4. 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 commercial landings (usually reported

as a by-catch) create i market availability, a situation ive to

the fillets of wolffish are of excellent quality,
comprised of firm, white flesh. Fillet products can be smoked, pickled, or dried and even
the liver, bile and roe can be utilized. The skin can be tanned 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 industries (Wiseman, 1997;

Brown, 1998). C the ilif iated with total utilization of the

animal highlights the culturing potential for this species.



The natural ecology of wolffish, including habitat preferences (Baruskov, 1959;
Beese and Kandler, 1969; Albikovskaya, 1982a; King et al., 1989; Pavlov and Novikov,
1993), distribution and migrations (Powles, 1967; Jonsson, 1982; Templeman, 1984a;
Keats et al., 1986a; Ortova et al., 1990), morphology (Barsukov, 1959; Jonsson, 1982;
Templeman, 1984b; Scott and Scott, 1988) and feeding (Albikovskaya, 1982b, 1983;
Templeman, 1985; Keats et al., 1986b) have been previously studied. For the purposes of
this chapter, a review of the biology and ecology of the animal will not be presented.
Instead, an overview of each stage of aquaculture production (reproduction, egg
development, larval, and juvenile and on-growing) will be presented. A summation of
the scientific and industrial breakthroughs which have permitted the culturing of this
species, as well as some of the obstacles which still remain for full scale production will

also be discussed.

2.2 Broodstock and Reproduction

Establishing a wolffish broodstock which could produce eggs and sperm, and
subsequently larvae, on a consistent and reliable basis has plagued aquaculturists 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 reported for fish maintained in a
rearing facility for many years (Ringe et al., 1987; Ringo and Lorentsen, 1987). To date,
artificial reproduction by insemination is the primary technique used to obtain and

fertilize gametes.



The first published report for successfully fertilizing wolffish eggs under artificial
conditions and successfully raising the larva, was by Pavlov and Novikov (1986). In

addition to ilization, this i provided some initial information on

sperm physiology. In 1991, a second successful artificial spawning and fertilization from
wild-caught broodstock was reported (Pavlov and Radzkihovskaya, 1991). During this
time, researchers also started to observe the reproductive behaviour of wolffish.

Kvalsund (1990) was one of the first to suggest that wolffish was an internal
fertilizer based upon the following observations: 1) males produced a very small volume
of milt (approximately 1.2 ml); 2) the time during which eggs are extruded (15-20
minutes) is inadequate for fertilization of eggs with such a small quantity 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. Observations on the
spawning behaviour of wolffish by Johannesson et al. (1993) also supported the
hypothesis of internal fertilization.

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 capacity for fertilization increased to i six hours. A contact period

of at least two hours was determined necessary to ensure high fertilization success (90-
95%). It has also been determined that a temperature of 0°C allowed sperm to remain
fertile for up to ten hours. After this time, sperm viability decreased.

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



resulted in rapid imp) and in artificial i ination, and yielded a

tremendous amount of information on egg and sperm quality. These advancements were

quickly followed by a repeat maturation and spawning of captive broodstock (Pavlov and

1996b) and an ing of the bi i iological, and
environmental factors which affect the quality of gametes and the success of artificial

hnology (Pavlov and 1994a; 1996a; 1996b; Pavlov et al.,

1997).
As a result of this research two methods of artificial fertilization (internal and

external) were developed (Pavlov, 1994a; 1996a; 1996b; Pavlov et al., 1997 ). Internal

is i by i ing 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 middle of the ovary. After insemination, females 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 female releases her eggs
into the water and the eggs adhere together.

External fertilization consists of stripping ripe females and males and mixing the
gametes (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 during the
first hour (fewer inversions thereafter). Gametes are maintained at a temperature of
~4.7°C for four to six hours (a sufficient enough time to ensure approximately 100%
fertilization). Fertilized eggs are then removed and distributed over the bottom of special

trays to prevent sticking. No differences in the quality of eggs were determined for cither



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

high fertilization rates: 1) the ion of sperm should exceed 1.0x10°

per ml; 2) one female should be fertilized with the sperm of several males; 3) use of the

chamber for i ination enables the ion of sperm to be
maximized; 4) Ringer’s solution is recommended as a dilutant instead of seawater
because it enables sperm to live longer in the ovarian fluid and prevents egg swelling; 4)

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

success; 6) activation and fertilization of eggs by and the initial P!
of eggs should occur in the ovarian fluid, however, eggs should be released into seawater
before the beginning of cleavage to ensure subsequent normal development; 7) to prevent
fertilized eggs from sticking together in clumps, eggs should be placed in static seawater
(five to six hours) and then separating individually on a special tray before flushing the
remaining ovarian fluid from the egg surface (Pavlov, 1994b; Pavlov and Moksness,

1994a; Pavlov and Moksness, 1996a; 1996b; Paviov et al., 1997).

The i of envi i on the spawning and
fertilization of wolffish was presented by Pavlov and Moksness (1994a, 1996a) and
Pavlov et al. (1997). At temperatures below 10°C egg fertility is increased and is
accompanied by fewer resorbed eggs. Normal egg ripening in females requires that
broodstock be kept at a temperature below 10°C for at least four months before ovulation.
For spermatozoa, which are activated in seminal plasma, sperm are able to remain motile
for up to ten days, provided they are kept at temperatures close to 0°C. Motility, and

viability decrease significantly as the temperature increases.



More recent research on temperature effects on broodstock have indicated that the

by the broodstock during breeding season affects both the final

maturation, the timing of ovulation, and egg quality (Tveiten and Johnsen, 1999; Tveiten
et al,1999; 2001).

Photoperiod had no effect on spawning males (Pavlov et al., 1997). Photoperiod
affected female maturation time and resulted in a protracted period of egg maturation,
thereby confirming an endogenous rhythm in the control of reproduction (Pavlov and
Moksness, 1994a). There is also evidence that the intensity of light may affect spawning
and egg quality. In a technical report by Moksness and Pavlov (1996), they stated that
strong light intensities caused premature release of eggs of lower quality. Unfortunately,
no experiments were conducted on the effects of light intensity on spawning and gamete
quality.

Other variables such as rearing female broodstock in the presence of males, and
diet quality and composition fed to the broodstock are believed to be important factors in

obtaining high quality viable eggs year-round (Paviov and Moksness, 1994a).

2.3 Egg Incubation
For wolffish, the period of egg incubation from fertilization to hatch, is
approximately 1000 degree days. Egg masses which have been incubated under ambient

water temperatures experienced normal egg hatching and subsequent larval development,

despite negative ambient water Pavlov and (1995) to

the i i ‘which could shorten embryonic development
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while ensuring normal ontogeny. The results indicated that successful incubation of eggs
was possible at temperatures between 5-11°C but the highest incubation occurred at lower

temperatures (between 5-7°C). A temperature of 9°C seems to be the upper limit for

normal Beyond this many fin rays i p dal
parts of dorsal and anal fins) were absent.

The results suggest a regime for minimizing wolffish egg i

time could be: incubate at 7°C from egg fertilization to the morula stage (2 days);
incubate at 11°C from this stage to 50% vascularization of the yolk sac (30 days);
incubate at 7°C from the latter stage to formation of rays and caudal and pectoral fins (57
days); 11°C from the latter stage to hatching (104 days).

Pavlov and Moksness (1993) stated that bacteria living on the surface of wolffish

eggs may cause low gas exchange, gradual ion of egg

hatching of embryos, and high mortality. They recommended treating eggs with a
gluteraldehyde bath. Current practice (Falk-Petersen ef al., 1999) is to use a
gluteraldehyde treatment of 150 parts per million twice a month to deal with the growth
of microorganisms on eggs. The authors state that premature hatching has been a
problem in individual egg bathes although they do not fully understand the reasons for the
premature hatching.

Breaking the egg masses into smaller portions, and incubating these pieces in

Heath Tray ™ units (standard egg incubation equipment used for ids) was a good

method for egg incubation in Newfoundland. The units consisted of several trays, and

had a high water flow which cascaded down through the trays. High water flow, along

11



with an air hose for each tray, and regular cleaning of the systems resulted in high
proportions of normal larvae, with little egg mortality, and little bacterial infection

(Halfyard, 1995, pers. comm.; Watkins, 1995 pers. comm.; Wiseman, 1997).

2.4 Larval Stage

At hatching, wolffish larvae are approximately 20 mm long, they have large

eyes, pi d skin, ped fins, i ly 50 teeth, and little to no
yolk sac (Barsukov, 1959; Moksness and Pavlov, 1996). This contrasts with the majority
of marine finfish larvae, which generally hatch at 2-5 mm in length, with little or no
pigmentation, poorly 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 endogenous
to exogenous feeding. Generally these larvae, undergo an energetically demanding
metamorphosis, and survival beyond this stage is very low (Blaxter, 1981). Larval
wolffish however, are capable of eating within days after hatching and do not go through

adistinctive and stressful

In general, marine larvae are usually start-fed on small, wild or cultured plankton
(e.g., rotifers), and are successively weaned onto larger, cultured zooplankton (e.g.,
Artemia) before weaning onto commercial 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 hatching,

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
was possible if larvae were fed a diet of wild zooplankton and that other diets such as
Artemia, fish products, or commercial pellets compromised survival during this period
(Ringe et al., 1987). Ringo e al. (1987) found newly hatched wolffish fed diets of wild
zooplankton had a survival rate of 97%, at day 120 post-hatch, compared to larvae fed on
a prepared cod roe diet which had 0% survival, at day 50 post-hatch. Diets of dry pellets
(varying moisture levels) alone, or in combination with Artemia, failed to achieve the
survival rates obtained by Ringo ef al. (1987). In the initial study (Moksness ez al., 1989)
higher survival rates were obtained when larvae were fed 4rtemia in combination with
the dry pellets versus dry pellets alone, implying Artemia provided some additional

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

Additional studies by (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 ef al., 1987). Wiseman (1997) conducted experiments where
larvae were fed varying densities of enriched Artemia (100 per/L, 900 prey/L) 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 (900/L and dry food) had a final sﬁivﬂ of
94.3%. Results from the behavioural analysis revealed that larvae fed significantly more
on Artemia during the critical period (up to 5 weeks post hatch) (Wiseman, 1997).
However, by weeks 6-7 the larvae fed equally on Artemia and dry feed and by week 7,

the larva preferred dry food, having weaned themselves off Artemia (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 enriched Artemia/dry diet (>90%), followed by unenriched
Artemialdry diet (>80%), and finally the dry pellet only (76%). These results support the
theory that the presence of live food during the first feeding stage promotes the instinctive
predatory response while the Artemia (particularly, the enriched form) offers some
nutritional contribution to the larvae (Brown et al., 1995b; Hendry and Halfyard, 1998).

In Norway, a study conducted by Strand ez 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 all the feeding studies was the time frame during

which signi; ities occurred (] et al. 1989 (days 20-49); Blanchard,

1994 (days 27-36); Strand e 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 to feeding. High ities 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 i i imming speed, digestion 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 “optimal
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; Ringo e 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 10°C, 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 4-8°C. Temperature
affected survival of larval 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 unsuccessful in their transition from endogenous to exogenous feeding and the
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rearing p the larvae from feeding at a level that met their

metabolic demands.

2.5 Juvenile/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
frequency of food ingestion depends on water temperatures where juveniles held at high
temperatures (6-10°C) feed daily. However, at low temperatures (0-2°C) the intervals
between ingestion of food are increased to 2-3 days.

Diet composition and the processing technique used to formulate the commercial

diets are crucial to imizing juvenile i A ding to etal.
(1993) in order to achieve a high growth rate in wolffish, the feed composition should
have a high protein concentration (>50%) 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 not affect the growth rate. Moksness et al.
(1995) compared moist (squid diets), regular fish meal diets, and low temperature (LT)

processed dry pellets and found there were no di in growth, feed ion,

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 to rations, Ortova et al. (1989) found that for adult wolffish daily feeding
rations were maximal at 9-10°C and that 0-1°C was close to the critical temperature for

feeding.






higher densities by using re-sorting of fish to prevent starvation and mortalities of the
smallest fish. Moksness and Pavlov (1996) reported that yearlings and adults have been

‘without ities at stocking densities of 100 kg/m?. Fam

(1997) determined 50g/L to be sufficient, while increased densities lowered feed
conversion ratios and lower densities affected the protein efficiency ratio.

D ining the optimal envii i is essential for any stage of

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

(1995) ined that newly-hatched larvae react positively to light but during the
course of ontogenesis they become increasingly demersal and the role of light and vision
in the search for food decreases. It was also noted that in winter and autumn, juveniles

periodically discontinue feeding and that growth rates decreased implying a seasonal

rhythm possibly linked to the i iod at this time. and Pavlov
(1996) noted that the positive reaction of juveniles 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 pelagic phase of wolffish and that the strong reactions of larvae and
juveniles to light could be used as a management tool for their behaviour.
Feeding frequency studies for juvenile wolffish determined that feeding rates

varied from every day for smaller wolffish to every other day for larger fish (Steinarrson
and Moksness, 1996). Studies conducted by Ortova er al. (1989) and Fam (1997)

confirm that feeding of large juveniles need only occur every second day.



2.6 Conclusion
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 add: d for each stage of p ion. In the following chapters the role of

light on larval production is examined. The objectives of my study are: 1) to determine
the role of photoperiod on growth and survival of larval wolffish; 2) to determine the role
of light intensity on the growth, survival, and feeding behaviour of larval wolffish; and 3)
to recommend light protocols which can be incorporated into hatchery culture

technology.



Chapter 3: The Effect of Photoperiod on Larval Wolffish Growth 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 suitability to cold-
‘water rearing. Relative ease in larval and juvenile production, good quality flesh (fillet),

and small landed ities from the ial fisheries have highlighted the wolffish’s

appeal as an aquaculture candidate. Research on the culture of striped (4narhichas 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 (Paviov and

Moksness, 1993; 1994a; 1995), i (Pavlov and

1994a,b; 1995; 1996a,b; and Wiseman 1997 ), diet and feeding protocols (Moksness et
al., 1989; Ortova et al., 1989; Stefanussen et al., 1993; Moksness, 1994; Pavlov and
Moksness, 1994a; Moksness et al., 1995; Pavlov, 1995; Strand ez al., 1995; Wiseman,
1997), stocking densities (Pavlov, 1995), and growth rates (Stefanussen et al., 1993;
Moksness, 1994; Moksness et al., 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



that under natural conditions spawning is ized by the decrease in day

length during the summer and autumn months (Moksness and Pavlov, 1996). During

laboratory trials Moksness and Pavlov (1996) i altered the iod of

their broodstock (from 18L:6D to 6L:18D) and observed a failure of fish to spawn in over
50% of the females subjected to the altered photoperiod. These results indicated that the

light cycle plays a role in the determination of wolffish spawning time and suggests the

for the of final ion by ity (day length). Despite

the limited ion on the effects of iod 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. Photoperiod 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 changes 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 behaviours include the activity of fish (Schwassmann, 1971; Britz and Piennar,

1992), ion (gonad ion, gamete i ity, delaying or

synchronicity of the spawning seasons; Baggerman, 1980; Ridha and Cruz, 2000; Loir et
al., 2001; Rodriguez et al., 2001), physiology (e.g. thyroxine levels; Noeske and Spieler,
1983), feeding behaviour (Schwassmann, 1971; Tandler and Helps, 1985), responses to
visual stimuli, diurnal 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 light levels may be consistent throughout the

development stages or it may vary. For example, yolk-sac larvae of Atlantic halibut

(Hip i ) develop in the presence of light (Bolla and
Holmefjord, 1988), whereas juvenile-adult stage halibut exposed to continuous light (24
light) had higher growth rates compared to those raised under shorter photoperiods of 8
hours light/16 hours darkness (Simensen et al., 2000). Variation in light requirements

within a species can also be seen for yellowtail flounder. Experiments conducted on

¥ il larvae (Pl ferrugineus) that higher growth and

survival rates were obtained under i light (P 1999b;

data) whereas for the juvenile stage (same spawning batch as the larvae described above)
a photoperiod of 12 hours light produced comparable growth and survival 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 despite similarities in development, habitat,
morphology and physiology (Barlow ez al., 1995). As an example, Tandler and Helps
(1985) demonstrated that for the first 12 days, larval gilthead sea bream (Sparus aurata)
survive better under 24 hours light versus 12 hours light. However, Dowd and Houde

(1980) showed that 13 hours of light resulted in the best growth and survival of larval sea

bream ( idalis) up to day 16 post-hatch. For larvae of yellowtail
flounder (Pleuronectes ferrugineus) continuous light resulted in improved growth,

survival and specific growth rates (Puvanendran, 1999b pers. comm.) however, in
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summer flounder (Paralichthys dentatus), continuous light offers no benefit to growth or
survival (Huber et al, 1999). Consequently, selecting an optimal photoperiod for
‘maximum growth and survival, for any new species should be based on experimentation.
No studies have been conducted on larval wolffish concerning the effects of light
on the survival or growth of larvae. During larval studies, photoperiods ranging from 16
hours to 24 hours light have been used without explanation (Moksness ef al., 1989;
Moksness, 1990; Strand ez al., 1995; Moksness and Pavlov, 1996; Wiseman, 1997). The
objective of this study was to determine the effect of photoperiod on the growth and
survival of larval wolffish. The hypothesis that increased photoperiod will result in

increased growth and survival of wolffish larvae was tested.

3.2 Materials and Methods
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 transported to the
Wesleyville Marine Finfish Hatchery, in Wesleyville, Newfoundland (Fig.1). At the
hatchery, egg masses were broken into single layers of eggs and incubated in up-welling

vertical tray i

at a density of i 1000 eggs/tray until hatching.
Ambient seawater was used during incubation. To prevent bacterial infection, all egg
masses were disinfected twice weekly using a gluteraldehyde-seawater bath (Salvesen
and Vadstein, 1995). Disinfection ended when the larvae started hatching.

At 0-12 hours post-hatch, larvae from three egg masses were randomly selected
23



A: Egg mass collection site, Bauline
Conception Bay

B: Wesleyville Marine Finfish Hatchery,
Wesleyville

C: Ocean Sciences Centre, Memorial
University, Logy Bay

O ——
28 o 125 ki

Figure 1: Geographic locations of the egg mass collection site (A) and research
facilities (B and C) for experimental protocols.
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from the incubation trays and transferred to the Ocean Sciences Centre, Memorial
University, Logy Bay, Newfoundland, for experimentation.

Fish were randomly distributed in the experimental tanks at 6-14 hours post-hatch
and acclimatized for an additional 24 hours prior to starting the experiment. The initial
stocking density for the tanks was 5 fish/L (Pavlov, 1995) with equal proportions of the
three egg masses stocked in each tank. Mortalities observed during this time were
removed and replaced with new fish. Day 1 represents the day on which the experiments

started (28-40 hours post-hatch).

3.2.2 Photoperiod Protocol

Three photoperiods: 12 hours light/12 hours dark (12L; 8:00 a.m.-8:00 p.m.), 18
hours light/6 hours dark (18L; 8:00 a.m.-2:00 a.m.), and 24 hours light (24L) were
selected for experimentation. To avoid possible light interference, each photoperiod trial
was conducted in a separate light-controlled room.

A light intensity of 750 lux was used for all treatments and was achieved by
placing incandescent bulbs approximately 1 metre above the test tanks. A 20 minute
twilight period (180 lux) was activated before and after the main lights were turned on/off
in order to avoid light-shocking the larvae (Mork and Gulbrandsen, 1994). All lights
were controlled electronically with a timer. Light intensities (recorded in units of lux)
were measured at the water’s surface using a SPER Scientific Light Meter.

Nine (3 replicate tanks per treatment) flow-through, rectangular, glass aquaria (45

cm x 30 cm x 30 cm, 30 L) were used as experimental tanks. The four walls (sides) of
25



the glass tanks were covered with black plastic to control outside disturbances and limit
mirror reflections within the tanks (Pearce, 1991; Barlow e al., 1995; Naas et. al., 1996).
The mean ambient sea water temperature was 6.0°C (range: 1.8-12.0°C). Water flows
were adjusted daily to maintain a temperature between 6-8°C (Wiseman, 1997).

Each treatment received three daily feedings of Artemia franciscana nauplii (1000
prey/L) 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 enrichment were in
accordance with Artemia Systems standard manual (Sorgeloos 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 18L treatments. Dry pellets were observed
to sink to the bottom of the tanks shortly after introduction. A previous weaning study
conducted on 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 opportunity to feed on the fourth ration. The

experiment was terminated on day 50.

3.2.3 Measurements and Analysis
Survival
All tanks were siphoned daily, prior to first feeding, to remove excess feed and

feces. Mortalities observed during cleaning were removed and recorded.
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Growth Measurements

Initial (day 1) size were on a sub- ple 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 i tanks. growth were performed on

sub-samples of fish (10 larvae) randomly chosen from each experimental tank.
Measurements were recorded every ten days until the experiment was terminated.

Protocols were as follows:

Wet weight

Wet weights were recorded for each of the 10 larva in the sub-sample. Fish were
removed from the experimental tanks with a dip-net and excess sea water was removed
from each 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 to the nearest (0.01) of a gram (g).
Standard length
To ine standard length, indivi fish were from the weighing

dish to a measuring dish. The measuring dish was a modified petri 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 lengths of the fish. Based upon
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