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Abstract 

The striped wolffish (Anorhichas lupus) is a candidate species for commercial 

aquaculture in Newfoundland. It possesses a number of charactenstics which facilitate 

culture, such as large eggs, well developed larvae which readily accept formulated feeds 

and tolerance to low temperatures. Little research has been conducted to detennine the 

dietary requirements of the juvenile wolffish or the optimum stocking density and feeding 

fiequency . 

The effects of three feeding fkequencies (two mealdday, one meaVday and one medtwo 

days) on various growth parameters were investigated. Mean meal size was sigmfïcantly 

and inversely affected by the feeding fkequency. In addition, total feed consumption over 

t h e  was directly affected by the meal eequency. The specific growth rate (SGR) was 

not adversely affected by the decrease in meal fiequency or feed intake. Feed and labour 

costs, therefore, may both be reduced by lowering the fiequency, without comprornising 

the SGR. 

The stocking density also afTected the feed consumption. The srnallest mean meal size 

(3  -990 mg/g fish) was consumed by fish stocked at 80 g/L. The largest meals were 

consumed by fish stocked at 50 g/L, (4.955 mgfg) while the meal size of fish stocked at 20 

g/L was in between these values. The feed conversion ratio (FCR) decreased 

significantiy when the stocking density was greater than 50 g/L and the protein efficiency 

ratio VER) was signifcantly higher when the stocking density was greater than 50 g/L. 

The dietary energy balance, expressed as the protein energytotal energy ratio (PE:TE) 

had a significant negative influence on the intake of feed, lipid and energy. As the PE:TE 

increased, the feed, Iipid and energy intakes all decrease significantly. The PE:TE had no 

significant impact on the FCR or PER at either constant 9 OC or ambient temperatures 

(13.0 OC to 2.0 OC). The production cost (based on feed costs per kilogram of fish 

produced) was not significantly afEected by the PE:TE or by decreasing temperatures. 
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1 .O Introduction 

The striped wolffish is one of a number of cold-adapted species being investigated for its 

aquaculture potential in the coastal areas of the North Atlantic, including Newfoundland. 

Wolffish belong to the f d y  Anarhichadidae and are native to the North Atlantic and 

Pacific Oceans (Hubbs and Barnhart, 1944; Wilirnovsky, 1964). The three species that 

inhabit Newfoundland waters are the striped or Atlantic wolffish, Anarhichas lupus L., 

the spotted wolffish, A. minor Olafsen, and the northem wolffish, A. denticdatus Kroyer 

(Albikovskaya, 1983). Al1 three are common bycatches in otter trawls and gillnets, but 

the northem wolffish, also known as the jelly cat, is discarded due to poor flesh quality 

(Templeman, 1966; 1984). The spotted wolfish is the least common of the three. It rarely 

inhabits water less than 50 rn deep or warmer than 5 O C  (Albikovskaya, 1982). The 

fiequency of capture of northem wolffish in trawls increases as depth increases, between 

151 and 600 rn, with some reports of capture in water up to 750 m deep. Northem 

wolffish are most fiequently captured in water colder than 5 O C  (Albikovskaya, 1982). 

Anarhichas lupus, also known as  the common wolfnsh, is most commonly found in water 

up to 3 50 m deep and colder than 4 OC (Albikovskaya, 1982). 

1.1 Biological Adaptations 

Wolffish display a range of adaptations to a cold, inshore habitat which are of particular 

interest to aquaculturists. These include tolerance to cold temperatutes by employment of 

an anti-fieeze protein, large eggs, advanced development of larvae at hatching and a 

relatively minor metamorphosis. 

1.1.2 Temperatrire Tolerance 

Tolerance to low water temperatures is of concem to aquaculhinsts, especially those in 

northem locales. Ambient seawater temperatures around Newfoundand regularly fall 



below O O C  during the winter. Those farming a species which cannot tolerate such 

temperatures are obliged to heat the water, adding considerable expense to their 

operation. An option is to identiQ a species which not only survives low temperanires, 

but maintains a reasonable growth rate. One such species is the wolffish. 

1. I.2.1 Eggs and Larvae 

Temperature tolerance has been hvestigated by a number of workers. Pavlov and 

Moksness (1994b) compared striped wolfnsh egg development at six temperatures 

ranging fiom 5 O C  to 15 OC. They showed a decreased proportion of nonnally cleaved 

eggs at temperatures of 11 OC and higher. A subsequent study examining four 

temperatures ranging fiom 9.9 O C  to 15.7 O C  led to the conclusion that 12.8 OC is likely 

the upper temperature lirnit for the incubation of wolffish eggs (Pavlov and Moksness, 

1994b). Incubation of fertilized eggs at 1.0, 3.0 and 4.8 OC demonstrated that the lower 

temperature limit for proper development is likely 3 .O OC (Pavlov and Moksness, 1994b). 

The effects of temperature on hatching success were studied by maintainhg two groups 

of eggs at a constant temperature of 1 O C  or 3 O C  and another at 6.5 OC. Approximately 

two weeks before hatching the eggs held at 6.5 O C  were changed to 7 OC or 10 O C  water. 

Those eggs held at 7 OC and 10 OC could not hatch without mechanical pressure on the 

eggs, so 7 O C  was detemllned to be the upper limit for successful hatching (Pavlov and 

Moksness, 1994b). The hatchabdity of eggs incubated at 1 O C  and 3 OC was 98.0% and 

9 1 .O%, respectively. This is not unlike Atlantic salmon which have a lower incubation 

limit between O O C  and 1 OC (Wallace and Heggberget, 1988). 

1.1.2.2 Juveniles andAduls 

Few temperature tolerance studies have k e n  conducted with juveniles and ad&. 

Moksness (1994) collected wolffish fiy in the Barents Sea and maintained them in tanks 

at ambient temperature for a minimum of 54 months. Based on temperature records and 



data fiom monthly weighmgs, he concluded that the optimum temperature for wolffish 

culture is between 7 O C  and 9 OC. ln the wild, wolffish live at temperatures between -1 -9 

O C  and 9 OC, but generally inhabit water cooler than 4 O C  (Aibikovskaya, 1982). This 

temperature tolerance range differs nom Atlantic salmon which tolerate temperatures 

between 5.5 O C  and 24 OC but grow most effectively between 10 O C  and 17 OC (Piper et al 

1986). The optimal temperature range for wolffish fdls within normal ambient 

temperatures for the Northwest Atlantic Ocean. 

1.1.3 Fecundity 

An understanding of the physiology of reproduction in wolffish is important for 

establishing and maintaining productive broodstock. Wolffish femlization is internai, so 

the motility of undiluted spem c m  last for several days (at O to 4 OC) while the known 

duration of viability is approximately 10 hours (Pavlov, 1994; Moksness and Pavlov, 

1996). Salmon spem are viable for a minute or less (Pavlov and Moksness, 1994b). 

Wolffish produce a small amount of sperm, which is less dense than that of Atlantic 

salrnon (Kazakov and Obrazsov, 1990; Pavlov and Radzikhovskaya, 199 1). Two main 

reproductive strategies are evident in nature. The r-strategy, evident in pelagophilous fish 

such as  cod, involves producing large numbers of young and providing little or no 

parental care. The k-strategy, cornmon to AtJantic sairnon (Saho sular), lumpfish 

(Cydopterus lumpus) and wolffish, involves the production of smaller number of young, 

with a greater degree of parental investment (Soin et al., 1986). This investment, in the 

case of fish, may corne as a large egg with ample yok reserves, or care in the form of 

guarding of the nest and fkee-swimming young. This is in marked contrast to the strategy 

of producing hundreds of thousarzds to millions of pelagic eggs and releasing them for 

distribution by ocean currents. Turbot (Scophthalrnus rnmimur), for example, produce 1 

million eggs per kilogram annually while wolffish and Atlantic salmon produce roughly 

2000 eggs per kilogram annually (Tilseth, 1990; Pavlov and Moksness, 1994b). Male 

wolffish guard the egg masses and ensure sufncient water circulation tbrough the mass 



(Keats et al., 1 985; R i n p  and Lorentsen, 1 987). Pavlov and Mo ksness (1 995) determined 

the incubation penod (fertilization to 50% hatch) in days (y) to be approximated by the 

equation: 

where x is the temperature CC). Wolffish larvae hatch at an advanced stage of 

development, ready for exogenous feeding and closely resemble small adults. 

Establishment of husbandry conditions for successful reproduction of captive broodstock 

will eliminate the need for yearly collection of wolffish egg masses. 

1.1.4 Egg Sue  and Larval Development 

For aquaculture purposes, eggs should be large and produce well developed larvae (Soin 

et al., 1986; Tilseth et al., 1992). The size of wolffish eggs facilitates management and 

handling associated with incubation and wolffish larvae hatch at a more advanced stage 

of development than do most marine fish (Table 1.1). Halibut larvae (Hippoglossur 

hippoglossus), for example, are still embryos when they hatch, having no functional eyes, 

jaws or gut (Pittrnan et al., 1990). Wolffish begin exogenous feeding on Artemia within 

hours of hatching, although start-feeding within six days of hatch is normal (Pavlov and 

Novikov, 1986). Wolffish readily wean on to artifïcial feeds (Moksness et al., 1989). In 

fact, Strand et al. (1995) start-fed larvae using a floating, f o d a t e d  feed in a shallow 

raceway and had 82% suxvival to 60 days post-hatch. Yellowtail flounder larvae 

(Limanda ferrugineu) begin exogenous feeding at 4-5 days post-hatch and require 

copepod nauplii cl00 pm in size (Smigielski, 1979). They graduaily wean ont0 larger 

organisms (adult copepods, rotifers and Artemia sp.) as they grow and metamorphose 

(Smigielski, 1979). The metamorphosis between the larval and juvenile stage is very 

minor in wolffish. Known as direct ontogeny, this characteristic is desirable in potential 



Table 1.1 : Compatison of egg diameter (mm) and body Iengths (mm) at hatch for several 
cold-water marine fish species. 

S pecies 

Atlantic Cod 
(Gadus morha) 

Atlantic ~ s lmon '  
(Salmo salar) 

Halibut 
@iippoglossus hippoglossus) 

Lumpfih 
(Cycloptertls lumpus) 

Ocean Pout 
fMacrozoarces americam) 

Turbot 
(Scophthdmus maximus) 

Yellowtail Flounder 
(L handa fmginea) 

Egg Diameter Length at Hatch Source 
(mm) (mm) 

Gotceitas and Brown, 1993 
Tilseth, 1990 
Rosenlund et al., 1993 

Tilseth, 1990 
Thorpe et al., 1984 

Pittman et al., 1990 
Tilseth, 1990 

Brown et al., 1992 

Brown et al., 1 992 

Tilseth, 1990 

Pavlov and Moksness, 1994a,b 
Pavlov and Novikov, 1986 
Tilseth, 1990 

Smigiebki, 1979 
Laurence and Howell, 1 9 8 1 
Cokon and Marak, 1 969 

0.68 - 0.76 2.1 - 7.0 Tilseth, 1 990 

' S to 7 days pst-haîch 
Atlantic sahon are anadromous, spending their addt lives in seawater, except for spawning migrations 
into Ekeshwater streams and rivers. 



aquaculture species since metamorphosis rnay cause many mortaliiies (Balon, 1985; Soin 

el al., 1986; Tiiseth, 1990). 

Reports of cannibalism in wolffish exist (Moksness, 1990), but are not commonplace 

(Pavlov and Novikov, 1986; Ring$ et al., 1987; Moksness et al., 1989). Cannibalism 

appears to be linked to low stocking densities and to a large size gradient among fish in a 

tank (Moksness and Pavlov, 1996). 

1.1.5 Growth 

Juvenile wolffish have been raised in Norway at an ambient temperature ranging fiom 

6.6 O to 11.7 O C .  They were hand-fed moist or dry pellets, with a protein energy: total 

energy (PE:TE) between 0.50 and 0.63 (Stefanussen et al., 1993). Those fish fed dry 

pellets had a significantly higher growth rate than those fed mois  pellets (0.26 g/day and 

0.1 5 g/day, respectively: Stefanussen et al., 1993). Wolffish larvae have exhibited 

maximum specific growth rates (SGR) up to 3.34% BW/day during the First 1 O8 days 

post-hatch and up to 3.6% BW/day £kom 100 to 150 days post-hatch at arnbient 

temperatures (Moksness et al., 1989). These growth rates were achieved using three dry 

diets and different feeding regimes and weaning schedules. At optimum rearing 

conditions, (below 8 OC) Moksness et al. (1989) claimec! that striped wolffish could reach 

2.5 kg within 2 years of hatching. 

1.2 Culture Methods 

The striped woffish, with its lean, fine-textued flesh, tolerance to low water 

temperatures and its hardy, well-developed larvae, is a prime candidate for culture in 

Newfoundland (Soin et al., 1986; Seafood Leader, 1991). The challenge lies in 

determining the husbandry practices which will maxMite the health, growth and 

reproductive capabilities of the fish and, ultimately, the profitability of the aquaculture 



venture. The egg rearing protocol and the care of larvae are well established and 

researc hers in Newfoundland have ac hieved 93.5% survival of larvae through 

metamorphosis using high Iight intensities, altered photoperiods and artificial feeds 

(Wiseman and Brown, 1996). The next step is determining the protocol for rearing 

j uveniles. 

1.2.1 Stocking Density 

Wolffish live solitary lives, normally inhabiting rocky crevices, except when they pair up 

during spawning season (Moksness and Pavlov, 1996). This raises questions about the 

potential to culture this species at economically viable stocking densities. Some species 

do not adapt well to high stocking densities. Very high stocking densities can lead to 

aggression, increased risk of disease and poor growth rates (Keenleyside and Yamamoto, 

1962; Fenderson and Carpenter, 197 1 ; Baker and Ayles, IWO). However, kc t ic  chan 

reared at high stocking densities have higher mean weights and lengths than those reared 

at lower stocking densities under the same conditions (Brown et al., 1992). This may 

result fiom the reduction of antagonistic interactions between fish and the decreased time 

spent swimming, thus decreasing the expenditure of energy. 

In its natural habitat, the striped wolffish connimes a variety of prey similar to those 

consumed by spotted wolffish (A. minor) (Albikovskaya, 1983). These include Lithodes 

spp. and H y a  spp. (Decapoda), sea stars (Asteroidea), brittle stars (Ophiura), 

S~ongyiocentrotrrs spp. and sand dollars (Echÿioidea), clams (Bivalvia) and w h e k  

(Gastropoda) (Albikovskaya, 1 983; Templeman 1 986). Indigestible body amour protects 

many of these prey items. Wolffish teeth cannot @d d o m  this skeletai matter, so they 

crush it to facilitate swallowing. Orlova et ai. (1989) provided wolffish with meals of 

natural prey items, some with the shells removed. From their observations of gut passage 



t h e s  they concluded that, generally, the more indigestible matter a meal contained, die 

faster it passed through the stomach and intestine. However, when a food bolus passed 

quickly through the intestine the digestible components ofken passed undigested. 

Feeding natural food is not an option in the context of intensive culture, therefore, it is 

necessary to develop and evaluate formulated feeds. While there have been a nurnber of 

studies of larvai wolffish nutrition, there have been few investigations of the dieîary 

requirements of juvenile and adult wolffish (Ring0 et al., 1987; Moksness et d., 1989; 

Orlova et al., 1989 and Moksness, 1990). These studies generally used natural prey, such 

as Arfernia salina, scallops, mussels, squid, shrimp and echinoderms or commercial 

salmon feed. Some researchers have formulated their own feeds (Moksness, 1990), but 

the precise dietary requirements of wolffish are not yet known. Studies of other marine 

camivorous fish have shown requirements for minimum dietary levels of 50-60% protein, 

10-20% lipid, and maximum levels of carbohydrates, ash and fiber 10-20%, 4%. and 10- 

25%, respectively on a dry matter basis (Tucker, 1992; Wilson, 1994). 

1 . î 3  Protein Requirements 

Carnivorous fish species have high requirements for dietary protein (Tucker, 1992). 

Atlantic saimon (Salmo sulm), for example, require 45% of the dry diet as protein (Lall 

and Bishop, 1977). Plaice (Pleuronectes plutessa) fed six diets with a range of protein 

fiom 20 to 70% (dry basis) demonmted optimum weight gain when fed a diet 

containing 50% protein (Cowey et al., 1972). Animai proteins offer the most 

nutntionally complete spectrum of amino acids so they are the most commonly used 

protein. However, they are very expensive and drive up the cost of feeds, sa mesures to 

decrease feed costs are needed. First, since excess protein is metabolized for energy or 

deamuiated and excreted, it is wise to determine the protein requirements of the species in 

question to avoid wastage due to inefficient use. Adron et al., (1976) demonstrated with 

turbot (Scophthalmur marimus L.) that at comparable energy Ievels, a diet with a lower 



protein content is superior to a diet with a higher protein content. Therefore, it appean 

that the crucial factor is the ratio of protein energy to the total energy (PE:TE). 

Carnivores digest carbohydrates inefficiently. The required enymes for carbohydrate 

metabolism are present, but in very low quantities, compared to herbivorous fish. This is 

evident in cod which, at low dietary carbohydrate levels have a relatively high 

carbohydrate digestibility. As the dietary level of carbohydrates increases, the 

digestibility drops drarnatically (Hemre et al., 1989). Therefore, with wolffish, the 

concem is to find an optimum balance between protein and lipid while keeping 

carbohydrate values to a minimum. 

1.2.4 PE:TE Requirements 

Iobling et al., (1991) found that adult cod gain weight rapidly when fed diets with PE:TE 

= 0.40 to 0.45, without deleterious effects on the hepatosomatic index. Younger cod (50 

to 3 00 grams) show the best results when fed diets with PE:TE 2 0.56 (Lie et al., 1988). 

Young plaice (Pleuronectes platessa) fed a senes of formulated feeds with a PE:TE range 

from 0.14 to 0.92 showed optimum growth when fed a diet with PE:TE = 0.70 (Cowey et 

al., 1972). h a simila. study using turbot (Scophthalmus maximur L.) and a PE:TE range 

of 0.50 to 0.85 (isoproteic diets with decreasing total energy contents), the authon 

concluded that the protein efficiency ratio (PER) reached an optimum value when the 

PE:TE was less than 0.50 (Adron et al., 1976). An investigation of the effects of two 

water temperatures on the protein requirements of juvenile sea bass (Dicenharchuc 

labrm) was performed. Four dry diets with PE:TE = 0.1 62,O.2 1 4, 0.263 and 0.3 1 3 were 

formulated and fed as a fixed ration to fish held in a recirculated system. At both 

temperatures, 15 and 20 OC, the highest weight gain was observed when PE:TE = 0.263. 

However, based on nutrient and energy utilization efficiencies, a PE:TE = 0.214 was 

recommended for culhiring juvenile sea bass at both 15 O C  and 20 O C  (Hidalgo and Alliot, 

1988). 



The hepatosomatic index (HSI) provides information about the appropriateness of the 

energy content of the diet which complements growth and performance data. Atlantic 

salmon, for example, are able to store excess lipids in various locations in the body, such 

as flesh and liver. They are able to quickiy mobilize these lipid reserves when needed. in 

non-oily fish such as wolffish and cod, excess energy is deposited as fat in the liver. This 

may impair liver fimction, waste dietary resources and reduce fillet yields. An experiment 

with juveniie cod (Gadus morhua) was completed ushg s u  f o d a t e d  diets with PE:TE 

fiom O. 11 to 0.61. A positive iinear relationship between HSI and dietary lipid content 

was demonslrated (Lie et al., 1988). In feeding n i d s  with turbot (Scopthalmus maimus 

L.) using seven diets with PE:TE between 0.50 and 0.85, the lipid content of the fish 

increased as the PE:TE decreased. However, at no time was the carcass lipid content of 

experimental fish higher than that of wild fish (Adron et ai., 1976). This result is in sharp 

contrast to the results of an experiment with juvenile plaice (Pleuronectes platessa). 

Using a dietary PE:TE range between 0.14 and 0.92 over a 12 week penod, fish fed each 

diet showed a significaotly higher carcass lipid content than wild plaice (Cowey et al., 

1972). These worken concluded that while the carcass lipid levels were related to the 

diet lipid levels, the total dietary energy content likely exceeded requirements. 

1.2.5 Feeding Frequency 

The fiequency of feeding depends, primarily, on the rate of gastric evacuation. However, 

a multitude of factors influence the rate of gastric evacuation, including energy content, 

particle size, digestibility of the food, structure of the alimentary canal, water temperature 

and the phase of digestion (Tyler, 1970; Grove et al, 1978; Persson, 1982; Bromley, 

1987; Bromley, 1988; Dos Santos and Jobling, 1988 and Jensen and Berg, 1993). 

Determination of an appropriate feeding muency  is critical in ordcr to minimize feed 

wastage and maximize growth. Feeding too hquently results in wasted feed, even if 



feeding by hand. Conversely, if meais are too infirequent, the rate of gowth  could be 

compromised. Orlova et al. (1 989), studying striped wolffish, documented food passage 

times through the gut ranging behnreen 4 and 10 days for naturai foods such as scallops 

with and without shells, mussels, fish and shrimp. Highiy digestible food items like 

formulated pellets could, theoretically, take 10 days to pass through the gut. Halibut, 

(Hippoglossus hippoglossus), voluntarily eat large meals two to three t h e s  per week 

while the lemon sole (Microstomus kirr Walbaum) consume small meals every one to one 

and a half days (Davenport et al., 1990). The authon attribute this to the fact that halibut 

posses large stomachs and short intestines, as opposed to the smaii stomach and looping 

intestine of the lemon sole. Wolffish have smdl stomachs and intestines which measure 

an average of 68% of the body length (Vengina, 1974). This defines the need to establish 

the rate of g h c  evacuation and r e m  of appetite. 

T'here are several ways to evaluate the rate of gastric emptying in fish. One common 

method is to feed fish a meal containing contrat media such as barium sulphate. The 

progress of the meal (often pre-weighed) through the gastrointestinal tract is recorded by 

periodic x-rays (Edwards, 1971 ; Jobling et d., 1977; Grove et al., 1978; Flowerdew and 

Grove, 1979). This technique is accurate and does not require killing large nurnbers of 

fish. Another common method is to senally kill a specified number of fish at pre- 

determined intervals following a meal and remove, dry and weigh the stomach contents 

(JO bling, 1980; MacDonald et al-, 1982; Persson, 1982; Bromley, 1987; Jensen and Berg, 

1 993). A third method is the analysis of stomach contents pumped out of an anaesthetized 

fish at a given t h e  after a pre-weighed meal (Bromley, 1988; Dos Santos and Jobling, 

1988). 

1.3 Rationale 

Since the moratorium on the groundfishery was established in July 1992, kesh, white- 

fleshed fish are in hi& demand and are sold at a premium price. The price of fkesh cod 



(Gadus morhua) in Newfoundland markets now exceeds that of salmon, which was once 

considered a delicacy. This has encouraged aquaculturists and researchea to identi@ a 

suitable species for aquaculture that will provide a source of kesh, white-fleshed fish. In 

addition to high quality flesh, this species must possess characteristics that facilitate 

culture. Many marine species have a precarious larval development and exhibit mass 

rnonality during metamorphosis. This is currentiy an area of extensive research. An 

alternative to resolving these issues is to iden- a species with large eggs and well- 

developed Larvae at hatch. ïhe  search for such a species has resulted in special attention 

being given to the wolffishes. The primary marine fish species cultured in Newfoundland 

currently is the Atlantic salmon. Except for a senes of farms using heated effluent fiom a 

hydroelec~c plant, low temperatures have resulted in slower growth rates than in other, 

more southerly, locations. Atlantic saimon aiso have a weil-understood, relatively simple 

larval stage. Newfoundland has an obvious need and capacity for a water-based indusûy. 

It appears as though aquaculture is the ideal indusûy to fi11 that niche. With ambient 

temperahues which are considered low by the standards of producers in temperate 

climates, the cdhue of a hardy, cold-water species, such as wolffish must be developed. 

With the e?ctraordirmy success of lamal wolffish culture to date, there is a need for 

development of a protocols for the culture of juvedes and adults. 

The purpose of my study was to examine the food and feeding requirements of juvenile 

striped wolffish under culture conditions with the aim of maximizing growth. The 

objectives were threefold: 

1. Estabüsh a suitable stockhg density for juveniie striped wolnish. 

2. Determine an appropriate feeding schedule for juvenile striped woiffiih. 

3. Identify an effective range of dietary energy balances for stiped woIffih diets. 



2.0 Materials and Methods 

2.1 Aquarium Facilities 

Experiments were conducted in two facilities. The first was the laboratory at the 

Fisheries and Marine Institute of Mernorial University of Newfoundland in St. John's, 

which has a seawater recircdation system with temperature regdation. The other facility 

used was the Wesleyville Marine Fish Hatchery in Badger's Quay, Newfoundland, which 

is a flow-through system operating at ambient sea water temperature. 

2.1.1 Recirculation Facility 

A recirculated seawater facility was used for the research completed in St. John's. This 

laboratory was selected because of the temperature control system which maintains the 

water temperature within 0.3 O C  of the set temperature. The lab was divided into two 

sides, each of which contained six - 750 L green fiberglass tanks (Figure 2.1). These 

tanks were set up on two levels, with three tubs on each level. Tanks had individual 

water supplies and individual drains. The drains joined into a common pipe on each level 

and the levels then combined to r e m  to the sump through a senes of two paired 

biological filters. Two of the four filten were replaced every two weeks so that the 

bacteria population on the filter was rnaintained. The total capacity of the system was 2.7 

m .  Water was tmnsported by truck fiom the Ocean Sciences Centre, sihiated on the 

shores of Logy Bay. Weekly replacement of water in the system was approximately 20%. 

Replacement was gradual, with several gallons being replaced daily. Once a month a 

flushing occurred when one third of the water in the system was replaced at once. The 

tank floors, below the suspended experimental containers, were siphoned regularly to 

optimize water quality. The salinity was constant at 32 ppt. The dissolved oxygen 

concentration was never lower than 92% in the tanks and at tirnes the concentration 

reached 105% saturation, therefore aeration was unnecessary. The photoperiod was 



Figure 2.1: Schematic diagram of the recircuiation facility. A. header tank; B. rearing 

tank; C. fiIter (fibergiass bedding); D. filter (bio-rings); E. sump tank; F. 

pump; G. chiller unit; H. micro filters. 



maintained at 18L:6D. The iight intensity over the course of the experiment was constant 

with a mean of 126.5 lux (S.E. = 14.5). 

Experiments in the recirculation system were conducted either in tanks or baskets which 

were modified to accommodate fish. The tanks used were white 4.5 L plastic containers 

with an outflow hole cut 4 cm fiom the bottom. Fiberglas mesh was glued over the 

outflow so fish and feed would not escape. Six of these containers were strapped together 

in a circle using electrîcal ties and a seventh, bottomless tank was attached in the centre to 

act as ballast, keeping the tanks level at al1 times (Figure 2.2). The inflow pipe was fitted 

with six spigots which, when connected to pieces of plastic tubing, delivered water to 

each tank. The water temperature was maintained at 9.0 k 0.3 OC throughout the feeding 

trials by use of a thermostatically regulated chiller unit (Johnson Controls, Milwaukee, 

Wisconsin). 

The baskets were pale blue rectangular plastic containers measuring 23 cm by 35 cm by 

15 cm. The sides and bottoms of these pans were cut out leaving a fhme on which was 

glued fiberglass mesh. The mesh (standard rnosquito screen) was small enough to 

prevent feed kom passing through the tank floor. This is critical since wolffish are 

bottom feeders and the total amount of feed consumed was recorded at each meal. The 

baskets were suspended fiom wooden dowels such that they were submerged to within 

2.5 cm of the tops. A mesh fence was erected around each basket to prevent fish fiom 

jumping out of the baskets. String was threaded through the bottom of the fence and tied 

around the top of the baskets. Fences were held erect using plastic straws piaced in holes 

in the corners of the baskets and by tyhg the top edges of adjacent fences together. Two 

baskets were suspended in each tub, such that the volume of water contained in each 

basket was approximately 7 L. The inaow pipe was fitted with spigots and two intlow 

hoses were directed into each basket, delivering a total of 2 Umin. 



Figure 2.2: Layout of plastic tanks used in the stocking density/feeding schedule trial. 



2.1.2 Flow-Through Faciiity 

The flow-through facility at Wesleyville, Newfoundland is an experimentai marine fish 

hatchery. It contains a larval rearing room which is also suitable for juvenile culture. The 

system is made up of 27 green fiberglass raceways of dimensions 106 cm x 25 cm x 15 

cm deep. The length of the raceways and water depth were adjustable based on the 

requirements for each experiment. The raceways were built into rhree racks, each with 

three levels and three raceways per level. Water was pumped directly nom 8 m depth 

outside the hatchery, through a sand filter to the larval rearing room where it was 

distributed to each raceway. The raceways drained into a common pipe and water was 

discarded. A plastic slatted screen separated the fish from the outflow, so neither food 

nor fish entered the drain. There was no water temperature control in the 1maI rearing 

room, and the ambient water temperature was recorded daily. Dissolved oxygen ievels 

were consistantly above 90 % saturation. The iight intensity was approximately 100 lux 

and the photopenod was 18L:6D. 

Two separate year-classes of fish were used in these experirnents. The older (referred to 

as l +  for the purpose of tbis study), came from two egg masses collected by divers off 

Badine in Conception Bay, Newfoundland in the autumn of 1993. The egg masses were 

taken io the recirculation system where they were gently pulled apart and incubated in 4 

OC seawater which was biologicdy filtered and exposed to ultraviolet light. The 

incubation unit (Heath tray) was covered in black plastic to minimize the exposure of the 

eggs to light. Eggs were not ûeated with an antibacterial agent, as recommended by 

Pavlov and Moksness (1993). One of the two egg masses was destroyed by bacterial 

infection. Dead eggs were picked daily, and when the fish began to hatch they were 

placed in the white tanks described previously. These, the older of the two year classes, 

had a mean hatch date of March 2, 1994. uiitially, larvae were fed Artemia e ~ c h e d  with 



High DHA Super Selco (Artemia Systems, INVE Aquaculture NV, Baasrode, Belgium) 

which is a commercial blend of polyunsaturated fatty acids. The larvae were soon 

weaned ont0 a series of feeds designed for marine fish larvae and produced by Lansy 

( N E  Aquaculture NV, Baasrode, Belgium). Feeding trials continued until the fish were 

60 days old. Following the larval feeding trials the fish were maintained on Lamy diets. 

A trial using moist feeds was then started. Having been fed on dry feeds, the fish would 

not accept the moist feed. Despite the fact that various binders and binding techniques 

were used, the feed consistently cxumbled when chewed by the wolffish and, therefore, 

was not completely ingested. For this reason, al1 subsequent experiments were conducted 

using dry, extmded feeds. When not being used in an experiment, fish were maintained 

on the Hi Pro Saimon Grower Diet (Corey Feed Mills, Fredericton, NB) (Table 2.1). This 

was supplemented with fiesh, fiozen feed, such as chopped herring or squid. 

When the experiments began with the 1+ fish, the group of fish used in the stockhg 

density trial were approximately 530 days post-hatch. Those involved in the dietary 

energy trial were approximately 577 days post-hatch. The morphometric summaries of 

the year classes are s h o w  in Appendix A. 

The younger fish (referred to as O+) were collected in November 1994 aad incubated in 

the same manner as the older fish. However, these eggs were treated with gluddehyde  

in order to prevent bacteriai infection. Treatments were applied when the eggs appeared 

unhealthy. The mean hatch date was Febniary 2, 1995. They were initially fed Arfemia 

but were weaned on to one of three commercial marine larvae diets (Zansy; Biohowa, 

Kyowa Hakko Kogyo Co., Ltd., Tokyo, Japan; or Moore-Clark, St. Andrews, New 

Brunswick) until 70 days pst-hatch. Around that time the fish stopped swimming and 

eating. They were moved fkom the white buckets into the green tanks and were fed 

&ozen, chopped herring and squid. Their activiîy level soon increased and thtee weeks 

later they were weaned on to the dry feed once again. Fish hatched at the Wesleyville 

Hatchery and the Ocean Sciences Centre experienced similar changes in behaviour when 



Table 2.1: Ingredients and proximate analysis of experirnental diets. 

rngredients2 1 2 3 4 5 6 Salmon 
Feed 

Fish 0i1 (%) 22.3 192 16.0 13.0 9.9 7.4 

Cellulose (%) 6 13.7 9.9 6.8 3.4 0.0 

Animal Protein Products (%) 37.0 42.0 47.0 52.0 57.0 62.0 

Plant Protein Products (%) 14.0 16.0 17.0 19.0 20.0 22.0 

Processed Grain By-products (%) 9.0 8.1 9.1 8.2 8.7 7.6 

Vitamins and Minerals (%) 1 .O 1.0 1.0 1 .O 1 .O 1 .O 

Proximate Analysis 

Moishlre 

Protein 

Lipid 

carbohydrate3 

Ash 

Total ~ n e q y ~  ( k w d  5.74 5.67 5.62 5.45 5.46 5.35 6.06 

PE:TE 0.35 0.40 0.45 0.46 0.55 0.61 0.49 

I Diets 1-6 w m  fonulatcd and p q a r e û  by Ziegler (Gardners PA). The formulations w m  based on a commercial 
Amon f#d thcrcfon, dctailed ingrdient information is unavailable. The salmon feai is a proprietary 
commercial diet: Hi Pro Grower Saimonid Dict (Corcy Fctd Mills, Fredericton New Bmmick). 

All values are given on a dry diet basis. 
3 Carbohy drate content a imata i  by subtraction. 
' Total (gros) encrgy values caiculated using standard caloric values (Cho et al., 1982). Protcin: 5.6 kcai/g; Iipid: 

9.5 kcailg; carbohydratc: 4.1 kcaüg. One kiIocalorie is quai to 4.184 kilojoules (Dotland, 1985). 



they reached 70 days post-hatch, and high mortdities were recorded. Modification of the 

feed or tanks when feed consumption patterns change may boost feeding and activity 

rates and avoid mortalities. 

When the dietary energy triai began, the Dt fish were 209 days post-hatch. These 

juveniles were fed more intensively than those fish hatched the previous year, and the 

mean weights and Lengths reflect this (Appendix A). The mean weights differed by less 

than 2 g and there was a full year between hatch dates. 

2.3 Experimental Design 

2.3.1 Feeding Schedule/Stocking Density Trial 

Each of three stocking densities, 20 glL, 50 g/L and 80 g/L, was randomly assigned to 9 

round containers, for a total of 27 containers. Three containers of each group of nine 

were assigned a feeding schedule; two mealdday, one medday and one medtwo days. 

One hundred and fifty three fish were randomly assigned to the 27 containers to produce 

stocking densities as hdicated. Fish were hand fed according to the schedule assigned to 

their respective tanks and they were weighed and rneasured every four weeks for a total of 

12 weeks- 

2.3.2 Dietary Energy Trial 

Two hundred and forty - O+ fish were evenly distributed among 12 baskets in the 

recircdated systern so that the stockhg density was 20 g/L. The six diets were each 

randomly assigned to two baskets. The feeding trial lasted 12 weeks. Fish lengths and 

weights were measured at the staa of the experiment and then at four week intervals. 

This trial was repeated in raceways at the Wesleyville Hatchery at ambient water 

temperatures. A third group of fish, 577 days post-hatch, were assigned to 12 raceways in 



Wesleyville at the same stocking density. The six diets were randornly assigned to 

raceways and rnorphological measurements were taken every four weeks. 

The 240 fish used in the trial at the recirculation facility were subsequently killed for 

stomach analysis during the gastric evacuation trial. At that the ,  the livers were weighed 

in order to determine the hepatosomatic index ( b e r  weight as a percentage of whole 

body weight). 

2.3.3 Gastric Evacuation Trial 

The serial slaughter method was chosen for the g&c evacuatioa trial because of the low 

cost and reported accuracy of the results. Following a period of starvation, fish were fed 

to apparent satiation and five fish from each treatment were slaughtered initially and at 8 

h o u  intervals. Fish were fiozen immediately following slaughter. This method permitted 

removal and weighing of the livers to provide data on the changes in hepatosomatic 

indices due to variations in the dietary energy balance. 

2.3.3. l Temperature Swdy 

Wolffish at the Wesleyville Hatchery lost their appetite when the ambient water 

temperature reached 1 OC (Watkins, pers. comm). Pavlov (1995) reported that the 

optimum temperature range for maximizing growth rates in juvenile wolffish is 10 O C  to 

14 OC. However, Moksness (1994) reported that the optimum rearing temperature for 

juveniles is below 10 OC. Based on this information, four temperatures were selected: 2 

OC, 5 OC, 9 O C  and 12 O C .  These values encompass the most likely range of water 

temperatures encountered under Newfoundland ' s coastal culture conditions. 



2.3.3.2 Dietary Energy Balance Study 
Six diets with a range of PE:TE values between 0.35 and 0.6 1 (Table 2.1) were used to 

determine whether the dietary energy baiance infiuenced the rate of gastric evacuation. 

The gross energy contents of the diets were approximately equivalent, so this was ruled 

out as a possible source of variation in gastric emptying rate. Each diet was fed to 40 

previously starved fish which were d y s e d  using the serial slaughter technique using 

methodology described in Section 2.6.2. 

2.4 Feeds 

2.4.1 Density/Feeding Schedule Trial 

During this trial, the tish were fed 3.0 mm Hi Pm Salmon Grower pellets produced by 

Corey Feed Mills (Fredericton, New Brunswick). The proximate composition is s h o w  in 

Table 2.1. This is the same diet they had been fed for the previous three months. It was 

setected because of its palatability, growth performance and availability. 

2.4.2 Dietary Energy Trial 

For three months pnor to this trial the fish were al l  rnaintained on Hi Pro Salmon Grower 

pellets produced by Corey Feed Milis. PreIiminary observations of feeding responses and 

growth ushg pellets eom three feed maaufacturers showed that the Zeigfer salmon starter 

formulation appeared to be the most palatable and produced the b a t  growth rates 

(Zeigler, Gardners, PA). Six die& were developed spec5caiiy for this trial with the 

assistance of Zeigler's Technical Services department Zeigler was requested to modiQ 

their sahon starter fornidation to produce six diets with a range of protein energy: total 

energy (PE:TE) fiom 0.40 to 0.65. They modified the base diet by increasing the lipid 

and cellulose content and decreasing the protein content such that the gross energy 

rernained relatively constant. The compositions of the diets are show in Table 2.1. 

Zeigler expressed some concem over the pellet quality of the low-protein diets, but al1 



diets had high quality pellets, aside fiom the high protein diets which produced a 

considerable amount of fines. The fines were sieved off and the feed quality was 

otherwise excellent The calculation of energy values was done according to standard 

values as reported by Cho et al. (1982). 

2.5 Feeding Pmtocol 

There is some question as  to whether observers can determine when fish are satiated. 

True satiation is the point when the stomachs of al1 fish under observation are full. Since 

this is impossible to determine without dissecting the fish, researchers must rely on 

observable behaviours to detemine the point of apparent satiation (Cowey et al., 1972). 

WolEsh, for exarnple, when they were hungry would swim vertically with their heads 

protmding above the water surface when someone approached the tank, util food was 

offered or the researcher moved away from the tank. When food was offered, fish 

gradually sank or swam to the bottom, following feed pellets. As food contùiued to be 

delivered, few fish remained at the surface and the majority were on the bottom chewing 

pellets. In early stages of a meal, fish which were in the process of chewing and 

swallowing a pellet oriented themselves toward a new pellet as it sank and even 

approached that pellet before the fiist pellet had k e n  swallowed. They fiequently spat out 

the initial pellet to take the new one if pellets were presented quickly. As the fish neared 

apparent satiation, approaching decreased first, then orienting decreased. At that point, 

fish no longer swam in the water column. Those fish which had not yet reached apparent 

satiation generally rested on the bottom with the anterior portion of their bodies propped 

up on their pectoral h. Those which were satiated tended to rest completely on their 

ventral surface or lie on their sides. These postures were not concrete indications of their 

level of satiation, but provided a clue as to how much more feed should be added. Based 

on preleliminary observations, wolnish did not ingest pellets that had b e n  in the water 

more than one minute. Therefore, when fish no longer oriente4 approached or ingested 

feed within a minute of presentation, îhey were considered satiated. 



Throughout these experiments fish were fed to apparent satiation rather than being given 

a fixed percentage of body weight. Preliminary observations indicated that some days 

very little feed was consumed, and other days an extraordinary amount was consumed. If 

a fixed percentage body weight was delivered each meal, some days feed would be 

wasted and other days the fish would be left hungry because they required a larger meal 

than the prescribed amount. In both cases, the feed conversion ratio data would be 

distorted and the growth rates advenely affected. A fixed ration is not responsive to 

fluctuations in appetite and growth is not maximized. It was for this reason, too, that 

hand-feeding was selected as opposed to automatic feeders. Hand feeding, though 

extremely time-consuming, d o w s  the researcher to monitor the feed consurnption and 

identiQ changes which could indicate poor health, changes in water quality or feed 

requirements. 

Experimental containers were siphoned prior to the moming meal, regardless of the 

feeding schedule assigned to a given tank. Feeding tMes for fish fed twice per day were 9 

a.m. and 3 p.m.. Fish fed once per day were fed at 3 Pm., as preluninary investigation 

showed that feeding activity was higher when the single daily meal was provided in the 

&ternoon rather than in the moming. For those fed twice per &y, the moming meal was 

the largest 71.6% of the tirne (n = 729). Feed dishes were weighed initially and following 

each meal. Fish were not fed the day prior to each weighmg to ensure that the gut was 

fiee of significant amounts of feed and to disturb the feeding regime as little as possible. 

Feeding resumed the &y following weighing, as scheduled. 

2.6.1 Weighing 

Fish were weighed and measured one &y prior to the start of the experiment and every 28 

days thereaftet over an 84 &y period for a total of four measurements. Fish were 



individually anaesthetised in a bath of 25 mgL MS-222 (Sigma Chernical Company, St. 

Louis, MO, USA). Each fish was removed fiom the bath, and gentiy blotted with a paper 

towel, then placed on a scde with a d e r  covered with a transparent plastic sheet. Mass 

(in grams) and standard length fiorn the edge of the upper jaw when the mouth is closed, 

to the tip of the notochord (in centimeters) were taken and the fish were briefly exarnined 

for signs of aggression (scars or tom h) or disease before being placed in an aerated 

recovery bath. 

Wolffish were remarkably tolerant of anaesthesia and handling. Fish have been observed 

feeding within two hours of being anaesthetized. More than five thousand fish were 

anaesthetized over the course of this research and only a single fish died following the 

procedure. 

2.6.2 Gastric Evacuatioo Trials 

Fish were starved for 5 days pnor to the start of the experiment. At 4 p.m. on the day the 

experiment started, fish were fed to apparent satiation with the diet they had been 

consuming for the past three months and the tank was irnmediately siphoned. Five 

randomiy selected fish were removed fkom each tank at eight-hour intervals begùuiing 

fifteen minutes following the meal and every eight hours thereak. The fifteen minute 

delay in taking the fust sample was to ensure that pellets had been completely swailowed 

and had moved into the stomach. Fish were killed with an overdose of MS-222, and were 

immediately placed in plastic bags, sealed, then fiozen in a deep fieezer with their heads 

slightly elevated. This position reduced any risk of ingested feed leaking out of the fish 

stomachs, since there is no valve between the esophagus and the stomach (Verigina, 

1974). There is a pyloric valve between the stomach and the intestine, so there was little 

concem of losing stomach contents into the intestine. Fresh livers were generally &able 

so fieezing made the samples more manageable. Freezing also prevented leakage fiom 

stomachs, since the contents were oflen watery. 



For andysis, fish were set out on the laboratory bench for 10 minutes until the layer of 

skin and muscle covering the stomach thawed. The fish were weighed and the standard 

length was recorded. A transverse ventral incision was made between the opercula 

followed by a medial, longitudinal incision to the anal pore. The body wall was pulled 

away, reveaihg the body cavity. The liver, which coven the esophagus and moa of the 

stomach, was removed and weighed. The stomach was removed by s e v e ~ g  the 

esophagus next to the stomach and the intestine immediately posterior to the pylonc 

valve. Since the stomach was still fiozen at this point, there was no conceni about 

contents leaking out. A small incision to the stomach wall allowed the contents to be 

simply squeezed out of the stomach onto a pre-weighed filter paper in a Buchner b e l .  

The stomach wall was rinsed with distilled water and the fiozen stomach contents were 

thawed and distributed around the filter paper using distilled water. These papers were 

suction-filtered and oven dried at 60 OC for three days prior to re-weighing (Dos Santos 

and Jobling, 1988). The dry weight of the stomach contents was calculated by 

subtraction. 

Proximate analyses of dietary moisture, protein, lipid and ash were completed in triplkate 

for every diet and mean values a .  reported in Table 2.1. The moimire content was 

determined by drying pre-weighed samples in an oven set at 105 O C  until the dry weight 

was constant. Samples were cooled in a dessicator to minimize the adherence of water to 

the sample or sample dish. The protein content of dried samples was determined using the 

Kj eldahl method (Tecator Digestion S ystem 20, 1 0 1 5 digester, S weden; Tecator Kj eltec 

System 1028 Distihg Unit, Sweden). Total nitrogen was converied to crude protein by 

mdtiplying by 6.25 on the assumption that the protein in the feed is approximately 16% 

nitrogen. The crude lipid content of each diet was determined using a hexane-based 

Soxhlet lipid extraction apparatus (Tecator Soxtec System HT 1043 Extraction Unit, 

Sweden). The ash content was measured by placing a pre-weighed crucible and dried diet 



sarnple in a rnuffie fumace (Themolyne, Sybron Corporation, Dubuque, Iowa, USA) set 

at 450 OC ovemight, cooling in a dessicator and reweighing the crucible and sarnple. The 

carbohydrate content of the diets was estimated by subtracting the sum of the other 

nutrients from 100. The gross energy of al1 diets was calculated by multiplying the 

percent proteil in the diet by 5.6 kcal/gram, the percentage of lipid by 9.5 kcdgram and 

the percentage of carbohydrate by 4.1 kcdgram. The s u m  of these values equals the 

gross dietary energy per 100 grams. 

2.7 Calculaüons 

2.7.1 Condition Index 

The condition index (CI) relates the fish weight to its length. High CI values indicate a 

hi& weight per unit length, which is generdy a favourable characteristic. The CI of 

each fish was calculated using the following formula: 

where W is wet weight (g) and L is standard length (cm) (Goddard, 1996). 

2.7.2 Specific Growth Rate 

The specific growth rate (SGR) describes the daily rate of growth as a percent of body 

weight. It was calculated according to the foilowing formula: 

SGR = ( (ln Wtz - Ln Wtl) l (t2 - ti) ) * 100, (3) 

where Wtl and Wt2 are the wet weights (g) of the iodividuals at &y ti and t2 (Goddard, 

1996). 



2.7.3 Feed Conversion Ratio 

The feed conversion ratio (FCR) describes how efficiently the feed is converted to body 

weight. Ideally, the FCR for a dry diet is 1.0 or less. The FCR for this and subsequent 

trials was calculated as follows: 

FCR = feed ingested (g) ( W 2  - TWl (g) ), (4) 

where TW, and TW2 are the sum of the weights of fish in a tank (g) at the beginning and 

end of the feeding aial (Goddard, 1996). 

2.7.4 Protein EMiciency Ratio 

The protein efficiency ratio (PER) gives au indication of the weight gain per gram of 

protein ingested. The PER for each tank was calculated as follows (Papoutsoglou et al., 

1987): 

PER = 100 * (TW2 - TWI (g)) / (feed ingested (g) * % protein), (5) 

where TWi and TW2 are the sum of the weights of fish in a tank (g) at the beginning and 

end of the feeding trial. 

2.7.5 Hepatosomatic Index 

The liver weight relative to the total fish body weight is indicated by the hepatosomatic 

index (HSI). This index may be an indirect determinant of the degree of Lipid deposit in 

the liver. The HSI was calculated using the foilowing formula: 

HSI = (Lw/W) * 100, 



where Lw is the liver weight (g) and W is the weight of the whole fish (g) (Stefanussen et 

al., 1993). 

2.7.6 Cost of Production 

The cost of production was calculated based only on feed costs and growth rates in order 

to evaluate the effectiveness of the diets. No factors such as purnping or heating costs 

were taken into account. The production cost was calculated using the formula: 

$/kg produced = cost of food ($/kg) * FCR; (7) 

where the cost of food ($/kg) was provided by the manufacturer, and FCR was calculated 

by Equation 4. 

2.8 Statisücal Analysis 

2.8.1 Feeding Triais 

Treatment means of the condition Uidices, specific growth rates, and hepatosornatic 

indices were based on rneasurements of ail the individual fish within each tank. Feed 

conversion ratios and protein efficiency ratios were calculated on a per tank basis. 

Analysis of variance (ANOVA) was done using SPSS software (SPSS, 1994; SPSS hc., 

Chicago, Illinois) with a = 0.05. bignificant factors were pooled and reanalysed. 

Tukey's B multiple range test was used to determine the nature of significant treatment 

differences. Al1 percentage data were arcsine ûansformed prior to analysis (Sokal and 

Rohlf, 1969). Al1 means are reported with f standard error. 



2.8.2 Gastric Evacuation Trials 

Stomach contents at each sampling t h e  were expressed in grams and as a percentage of 

body weight. Using regression analysis, the rate of evacuation was calculated based on 

the percent body weight of food remaining in the stomach and the weight of meal 

remaining in the stomach. Regression coefficients were calculated uskg linear and 

Iogarithmic models. Al1 percentage data were arcsine transfonned pnor to analysis. 



3.0 Results 

3.1 Stocking Density/ F eeding Scheduie Trial 

3.1.1 Observations 

Aggression was noted among fish held at 20 a, especially those fed once every two 

days. This aggression was generally initiated by the largest fish in the tank, who would 

swim towards another with its mouth open. The aggressor generally did not bite the other 

fish but simply hit them with an open mouth between the pectoral fins and the anal pore. 

No wounds or tom fins were observed at any time. The aggressive behaviour was more 

prevalent during feeding but was not limited to this Mie. When aggression was evident, 

only the aggressor consumed feed. 

The feeding schedule was a factor in the rate of feed consumption. Fish fed twice per day 

generally waited for the pellet to reach the bottom of the tank and made no response to 

the pellet for up to 10 seconds. Those fish fed once daily and once every second day were 

fed in the afternoon based on observations that they were more active in the aftemoon and 

consumed meds slightly f ~ e r .  This was important, because when they were slightly 

lethargic in the moming, the feed sits on the tank bottom longer and likely becomes less 

palatable. As a d e ,  when fish fed every second day were offered feed, they fed more 

actively than fish fed more fkquently. Fish fed once every second day swam to the water 

sudace whenever the technician approached, regardless of whether food was offered or 

not. This behaviour was less evident in fish fed once daily and was never noted in fish 

fed twice daily. 



3.1.2 Morphometries 
The initial mean lengths and weights of fish are shown in Table 3.1. Tank effects were 

not significant for both length and weight ( p > 0.05, three way ANOVA). The mean 

iengdis and weights of fish stocked at 20 and 50 g/L were not statisticaily different and 

both were significantly lower than the mean length and weight of fish stocked at 80 glL 

(Tukey's B). These similarities and differences remained constant as the fish grew 

throughout the experiment. There was no significant dinerence detected in the initial or 

final mean condition index among the three stocking densities (p > 0.05, one way 

ANOVA; Table 3.2). In one treatment (20 g/L stocking density, one meaV2 days) there 

was a significant decrease in the CI over the course of the 12 week trial @ = 0.037, one 

way ANOVA). 

The three feeding schedules did not produce significant differences in weights between 

treatments (Table 3.1). The initial mean condition indices of the wolffish did not differ 

significantly between feeding schedule treatments (p > 0.05, one way ANOVA). 

Following the twelve week trial, the mean condition index of only one treatment changed 

significantly (stocking density = 20 a, one meai per O ~ O  days) (Table 3.2). This 

treatment produced a decrease in the condition index fiom 1.01 1 * 0.034 to 0.909 I 0.030 

@ < 0.05, one way ANOVA). 

3.1.3 Specific Growth Rate 
SGR values equal to or less than O were not included in the d y s i s  since they 

represented fish that were not feeding or were not healthy. Tank effects were not 

significant (p > 0.05, three-way ANOVA, Appendix B), therefore, data was pooled. 

Neither stocking density nor feeding schedde produced significantiy different SGR 

values @ > 0.05, two way ANOVA) (Figure 3.1). The mean SGR for the fish used in this 

experiment was 0.399 * 0.013 %BK per &y (n = 391). 



Table 3.1: Initial and fuial Iengths (cm) and weights (g) of wolffish A: stocking 
density trial (mean + standard error); B: feeding scheduie triai (mean + 
standard error). 

S tocking Initial Final Length Initial Final n 
Density Length (cm) (cm) Weight (g) Weight (g) 

20 fi 8.95 t 0.15 9.55 + 0-19 7.18 f 0.30 8-10 f 0.46 27 

B. 

Feeding Initial Finai Initial Final n 
Schedule Length (cm) Length (cm) Weight (g) Weight (g) 



Table 3.2: Cornparison of initial and final condition indices by feeding schedule and 
stocking density treatment (mean & standard error). 

Feeding Schedule Stockiag Number Initiai Finai ~i~nif icance'  
Density of Fish Condition Condition 
(gm Index Index 

- - - - - - - - - - - - - - - 

Two meals / day 20 9 1 .O03 i 0.0 1 1 0.962 & 0.038 n.s.d. 

50 27 0.979 i 0.0 12 0.95 1 k 0.027 n.s.d. 

80 27 0.949 t 0.023 0.948 i: 0.030 n.s.d. 

One meal I' day 

One meal / 2 days 

' n.s.d. = no significaot differcntx, p > 0.05, one way ANOVA 



- - - - - - - 

.2 mealslday 
m l  meallday 
O 1 mealR days 

-- . .  

Stocking Density (glL) 

Figure 3.1: Mean specific growth rates (SGR) of O+ wolffish held at three stocking 

densities and fed accordhg to three feeding schedules at 9 OC. Vertical bars 

represent standard error. 

Stocking Density (gR) 

-- - - 

.2 mealsfday 
m l  meallday 

Figure 3.2: Mean med size (mg feedlg fish) of O+ wolffish stocked at three densities 
and fed according to three feeding schedules at 9 OC. Vertical bars 
represent standard error. 



3.1.4 Feed Consumption 
The following factors; tanks, stocking density and feeding schedule, were examined in 

relation to feed connimption by juvenile wolffish. Ail facton had a highly significant 

influence on feed consumption by the wolffish @ < 0.01,4 way ANOVA) (Appendix C). 

Tank effects were significant @ = 0.009, one way ANOVA). The mean feed intake per 

rneal by wolffish increased significantly @ < 0.0001, one way ANOVA) as the 

experiment progressed (Figure 3.2). Stocking density significantly affected feed intake @ 

< 0.0001, one way ANOVA). In tanks fed twice daily, the mean meal size eaten by the 

wolffish was lowest (2.493 k 0.085 mg/g) in those stocked at 80 g/L and highest (3.567 k 

0.1 17 mg/g) in those stocked at 20 g/L. However, under the other two feeding regimes, 

mean meal size was highest in tanks stocked at 50 g/L. Feed consumption was inversely 

and significantly correlated with the feeding fiequency (p < 0.0001, one way ANOVA). 

Those stocked at 80 g/L and fed M c e  per &y had a mean feed intake per meal of 2.493 f 

0.085 mg/g, while those fed once every 2 days (also at 80 g/L) consumed more thaa three 

tirnes as much food per meai on average (8.836 f 0.576 mg/g). Similady, those stocked 

at 50 g/L showed a threefold difference feed consumption per meal between fish fed 

&ce daily and those fed every two days. At 20 g/L stocking density, the fish fed once 

every second day consumed, on average, only twice as much feed per meal as the fish fed 

twice daily. 

3.1.5 Feed Conversion Ratio 
Upon caiculation of various growth parameters, some tanks were found to have 

biologically impossible values or values indicative of unhealthy fish within a tank. Such 

tanks were excluded f?om subsequent analysis. Tanks with negative FCR values and 

values greater than 10.0 were excluded. Negative values are biologically impossible and 

values greater than 10.0 were asmmed to represent tanks containhg unhealthy fish. Tank 

effects were not evident @ > 0.05, three-way ANOVA, Appendix D), therefore data was 

pooled. Stocking density significantly aBected the FCR (Figure 3.3). Fish stocked at 20 



20 50 80 

Stocking Density (glL) 

Figure 3.3: Mean feed conversion ratios ( K R )  of tanks of O+ wolffish held at three 
stocking densities. n (20g/L) = 21; n (50 g/L and 80 g/L) = 26; Venical b a n  
represent standard error. (* denotes statistically different values). 

20 50 80 

Stocking Density (glL) 

Figure 3.4: Mean protein efficiency ratios (PER) of tanks of O+ wolffish held at three 
stocking densities. n (20gL) = 21; n (50 g/L and 80 gL) = 26; Vertical bars 
represent standard error. (* denotes statistically different values). 



g/L and 50 g/L had similar feed conversion ratios and both were significantiy higher than 

the FCR of fish stocked at 80 g/L @ < 0.05, Tukey's B post hoc test). The FCR was not 

significanily af5ected by the feeding schedules @ > 0.05, three way ANOVA) (Appendix 

W. 

3.1.6 Protein Efficiency Ratio 
Negative protein efficiency ratios (PER) and those equal to or greater than 4.0 were not 

included in this analysis. Negative values are bioiogically impossible and values equal to 

or greater than 4.0 conesponded to tanks discarded due to unacceptable FCR values. 

Tank data was pooled due to the absence of sigaincant tank effects @ > 0.05, three way 

ANOVA, Appendix E). The PER was signincantiy affected by the stocking density 

(Figure 3.4). Fish stocked at 20 g/L and 50 g/L were not statistically different (0.936 * 
0.1 15, n = 23 and 1.175 * 0.090, n = 25, respectively). The PER of fish stocked at 80 g/L 

was significantiy higher than that of fish heid at Iower stocking densities (1.770 0.102, 

n = 26) @ = 0.006, one way ANOVA, Tukey's B Multiple Range Test). No significant 

effects due to the feedùlg scheduie were evident (p > 0.05, three way ANOVA) 

(Appendix E). 

3.2 Dietaw Energy Balance Trial 

3.2.1 Temperatures 

Temperatures in the recirculation system were maintained at 9.0 * 0.1 OC, with a range 

fiom 8.7 OC to 9.3 OC. The ambient water temperature in Swain's Island Tickle dropped 

from 13 .O O C  to 2.0 OC during the twelve week trial, which started on September 10, 1995 

(Figure 3.5). 



Time (days) 

Figure 3.5: Temperature profile of recirculated, thennostatically controlled system (St. 
John's) and the ambient seawater at Wesleyville, Newfoundland. Starting 
date: September 10, 1995. 



3.2.2 Morphometrics 

Growth trials conducted in the recirculating system using O+ fish showed relatively 

consistent growth (Figure 3.6; Table 3.3). The mean lengths diroughout the trial were 

significantly af3ected by diet, the stage of the trial (number of weeks) and the tank @ < 

0.0 1, p = 0.009 and p < 0.0 1, respectively, three way ANOVA; Appendix F). These tank 

effects were not evident in the weight data @ = 0.998, three way ANOVA; Appendix G). 

The mean weights per tank in al1 diet treatments increased significantly during the 12 

week trial (Figure 3.6). In the aial conducted at ambient temperature using û+ fish, the 

rate of growth decreased as the triai progressed and temperature dropped (Figure 3.6B; 

Table 3.4). 

Significant tank effects innuenced the mean lengths and weights of 1+ fish at ambient 

temperature. In order to establish equivalent initial stocking densities with a relatively 

smaii number of fish, different numbers of larger and smalier fish were used in each 

treatrnent. This renders the mean fish length and weight data meaningless. Therefore, 

total weights (on a per-tank basis) are shown in Figure 3.7. Total lengths and weights (on 

a single tank basis) are shown in Table 3.5. In addition, because the diets were randomly 

assigned and distributecl anonymously to the tanks, one diet (PE:TE = 0.45) was 

rnistakenly fed to three tanks rather than two for the duration of the experiment. 

Consequently, one diet (PE:TE = 0.55) was offered to only one tank Total weights per 

tank are shown to avoid M e r  confusion. 

The condition indices (CI) of fish fed diets of PE:TE = 0.35, 0.40 and 0.46 at a constant 

temperature did not change significantly over the course of the 12 week growth trial 

(Table 3.6A). Those fish fed diets with PE:TE = 0.45, 0.55 and 0.61 at a constant 

temperature exhibited a signifïcant increase in condition index over the course of the 

experiment. 



Figure 3.6: Weight change (g) of wolffish fed six diets with a range of PE:TE values 
under two temperature regimes. (A: O+ wolfnsh heid at 9 OC, n = 40; B: O+ 
wolffish heid at ambient seawater temperature, n = 401 



0.00 2.50 5.00 7.50 q0-00 12.50 
Time (weeks) 

0.00 2.50 5.00 7.50 10.00 12.50 

Time (weeks) 



Table 3.3: Morphometncs of O+ wolffish, held at 9 O C ,  fed six diets with a range of 
PE:TE values, throughout the 12 week trial (mean f standard error). Table 
A: Length (cm); Table B: Weight (g). 

A 

Time 
(weeks) 

O 

4 

8 

12 

DIETS (PE:TE) 

DIETS (PE:TE) 

Time 
(wee ks) 

0.35 0.40 0.45 0.46 0.55 0.61 



Table 3.4: Morphorneaics of O+ wolffish held at ambient temperature, fed six diets with 

Time 
(wee ks) 

O 

5' 

8 

12 

a range of PE:TE values, throughout the 12 week triai (mean + standard 
error). Table A: Length (cm); Table B: Weight (g). 

1 Time 1 0 3 5 ~  1 0.10 1 0.45~ 1 0.46~ 
(weeks) 

Transpottation was uriavailable duriug week 4, so measurements were made at week 5. 
Between weeks 5 and 8 one mortaiity was noted in this marnent 
Behveen weeks 8 and 12 two rnortalities were found in this treatment. 



0.00 2.50 5.00 7.50 10.00 12.50 

Time (weeks) 

Figure 3.7: Weight change of t+ wolffish fed six diets with a range of PE:TE values at 
ambient seawater temperatures. Total weight per tank (g). For PE:TE = 0.3 5 
and 0.46, n = 13; for PE:TE = 0.40 and 0.65, n = 18; for PE:TE = 45, n = 
22 and for PE:TE = 0.60, n = 9. (PE:TE = 0.35, 0.45 and 0.46 each had 
one mortality between week 5 and week 8. PE:TE = 0.35 had two morralities 
between week 8 and week 12). 



Table 3.5: Total tank weights (g) of 1+ wolffish held at ambient temperature, fed six 
diets with a range of PE :TE values, throughout the 12 week trial. 

Transportation was mavailable duhg week 4, so measurements were made at week 5. 

Time 
(weeks) 

0 

5' 

8 

12 

DIETS (PE:TE) 

0.35 

i 58.1 

182.6 

166.1 

135.7 

0.40 

163. 1 

207.1 

2 15.8 

225.8 

0.46 

151.0 

187.0 

203 .O 

206.4 

0.45 

154.3 

190.4 

209.3 

213.0 

0.55 

150.6 

197.0 

228.2 

250.0 

0.61 

164.7 

232.0 

258.1 

272.3 



Table 3.6: Initial and final condition indices (CI) of wolffish fed six diets with a range of 
PE:TE values for twelve weeks. (Mean f standard error, n = 40 at beginning 
of trial). Table A: O+ fish held at 9 OC; Table B: O+ fish held at ambient 
temperature; Table C: 1+ fish held at ambient temperame.) 



Table 3.6A 
- - -  

PE:TE Initial CI Final CI ~ignificance~ 

t n.s.d = no significant difference, p > 0.05, one way ANOVA 

Table 3.6B 

PE:TE Initial CI Final CI ~ignificance' 

' n.s.d = no significant difference, p > 0.05, one way ANOVA 

Table 3.6C 

PE:TE Initiai CI Finai CI ~ignificance' 

1 n.s.d = no significant difference, p > 0.05, one way ANOVA 



Under ambient water temperatures, al1 diets except for PE:TE 0.40 and 0.45 produced a 

significant decrease in the mean CI of O+ fish (Table 3.6B). Diets with PE:TE 0.40 and 

0.45 produced no significant change in the condition index. 

The CI of 1+ fish held at ambient temperature was not significantly Sected by tank 

replicates @ > 0.05, one way ANOVA). No significant differences were apparent among 

diet treatments @ > 0.05, one way ANOVA) for either initial or final CI data (Table 

3 -6C). 

3.2.3 Specifc Growth Rate 

In the trial conducted at a constant temperature, replicates were not statistically different 

and were pooled (Figure 3.8A). Time was found to be a significant factor @ < 0.05, b e e  

way ANOVA) and further investigation showed that the SGR during the second penod 

(weeks 4 to 8) was significanty higher than in the other two penods. Periods one and 

three, which were statisticdy similar, were pooled (Figure 3.8A). 

ln the trial held at ambient temperature with O+ fish, there were no signincant tank 

replicate effects @ > 0.05, three way ANOVA), so replicates were pooled (Appendix H). 

Diet effects were not significant @ > 0.05, two way ANOVA), but the time effect was 

significant. This corresponds with the decrease in temperature (Figure 3.8B). The SGR in 

eac h penod decreased significantly . 

Examination of the SGR of 1+ fish at ambient temperature revealed no significant 

replicate effects @ > 0.05, three way ANOVA), therefore replicates were pooled. The 

hvo way ANOVA confirmed that diet effects were not signincant @ > 0.05) but that the 

time (i.e., temperature) was a significant factor @ < 0.001; Figure 3.8C). 



Figure 3.8: Specific groowth rates (SGR) of O+ and 1+ wolffish fed six dieu with a range 
of PE:TE values under two temperature regimes. (A: O+ wolffish held at 9 
O C ,  n = 40; B: O+ wolffish held at ambient seawater temperature, n = 40; C: 
1+ fish at ambient seawater temperature. For PE:TE = 0.35 and 0.46, n = 13; 
for PE:TE = 0.40 and 0.65, n = 18; for PE:TE = 45 n = 22 and for PE:TE = 
0.60, II = 9.) 



h -  - 
tg 0.55 - 
O 0.50 - 
% 0.45 - -- --- - - 

0.40 -- 
a Periods 1 and 3 

0.35 ,- 

i Period 2 -- - 

pi 0.30 - 
C3 0.25 . 

. 

1 13.0 - 8.6 deg. C. 
8.5 -5.6 deg. C. 

05.5 - 2.0 -- deg. C. 

--- --- 

13.0 - 8.6 deg C. 
18.5 - 5.6 deg. C. 
U 5.5 - 2.0 deg. C. -- - - 



3.2.4 Feed Consumption 

At constant temperature, neither replicate nor time effects were significant for feed 

consumption by O+ fish. Mean daily consurnption of feed decreased as the dietary PE:TE 

increased (Figure 3.9A). Post hoc analysis indicated that consurnption of diets with 

PE:TE = 0.55 and 0.61 was significantiy lower than dies with PE:TE = 0.35 and 0.40. 

Significant repiicate effects were found in the experiment using O+ fish at ambient 

temperature @ < 0.01, three way ANOVA; Appendix 1). The mean intake values for 

replicates A and B were 7.825 t 0.999 mg/g and 6.917 & 0.740 mg/g, respectively. 

Consumption rates during periods one and two were not sigruficantiy different (9.075 2 

0.982 mg/g and 8.7 1 1 t 1 .O64, respecuvely; p > 0.05, one way ANOVA). Both were 

significantly higher than the consumption during penod three (4.23 1 k 0.341 ; p < 0.00 1, 

one way ANOVA; Figure 3.98). Of al1 diets in period three, the consumption of diet 

PE:TE = 0.45 was significantly higher than the consumption of diets with PE:TE = 0.46 

and 0.55 (Tukey's B). 

No significant effects were found for the feed consumption by 1+ fish @ > 0.05, three 

way ANOVA) so replicates were pooled. Both diet and time were significant factors @ < 

0.00 1 and p < 0.0 1, respectively, two way ANOVA; Appendix J), and the interaction of 

the two factors was not significant No periods within any diet treatment had statistically 

similar rates of consumption (p > 0.05, one way ANOVA). The 1+ fish showed a more 

consistent decrease in feed consumption as the PE:TE value increased, than did the O+ 

fish. The mean daily feed intake by 1+ fish significantly decreased as the ambient 

temperature decreased. During the fint period, when the ambient temperature fell from 

13.0 OC to 8.6 OC, the feed intake was not significantly different than the intake during the 

second penod (ambient temperatures 8.5 OC to 5.6 OC). Therefore, feed intake values for 

the fim two periods were pooled (Figure 3.9C). For al1 diets, the feed intake during the 



Figure 3.9: Mean daily feed intake (mg feed/g fish) by O+ and 1+ wolffish fed six diets 
with a range of PE:TE values under two temperature regimes. (A: O+ 
wolffish held at 9 OC, n = 168; B: O+ wolffish held at ambient seawater 
temperature; C: 1+ fish at ambient temperature. In Figures B and C, penod 
1: n = 70, period 2: n = 42, period 3: n = 56.) Vertical bars represent 
standard enor. Sirnilar letters denote statisticdiy simila. values. 
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third penod, when the temperature ranged fiom 5.5 OC to 2.0 OC, was significantly lower 

than during the previous two periods. 

3.2.5 Daily Lipid Intake 

The daily lipid intake by six-month-old fish held at 9 O C  was not significantly different in 

the replicates or over time @ > 0.05, three way ANOVA). The lipid intake, however, 

decreased significantly as the PE:TE increased @ < 0.0001, one way ANOVA; Figure 

3.10A). Fish fed diet PE:TE = 0.35 consumed a significantly greater amount of lipid 

daily (2.397 + 1.625 * 1 o4 mg/g), than fish fed diets with PE:TE 5 0.45 (Tukey's B). 

Similarly, the lipid intake by fish fed diet PE:TE = 0.40 (2. U l  + 1.356 * 1 o4 mg/g) was 

significantly greater than that of fish fed diets PE:TE t 0.55. Finally, lipid intake by fish 

fed diet PE:TE = 0.55 (1.385 + 5.277 * 10" mgg) was signincantly greater than that of 

fish fed diet PE:TE = 0.6 1 (1.270 t 4.4 17 * 1 O-' mg/g). 

Likewise, the daily lipid intake by O+ fish at ambient temperature decreased significantly 

as the PE:TE increased @ < 0.01, two way ANOVA; Figure 3.10B). The decreasing 

temperature also caused a significant reduction in the lipid intake. The nrst two periods 

had statistically similar Lipid intake values for each diet @ > 0.05, one way ANOVA). 

Lipid intake during period three was significantly lower than the first two, approximately 

half the intake during the first two periods. Fish fed diet PE:TE = 0.45 consumed 2.679 !: 

0.1 72 mg lipidlg each &y in periods one and two and 1.397 k 0.120 mg lipidig in penod 

three. 

Tank effects did not significantly affect the lipid intake of 1+ fish at ambient temperature 

@ > 0.05, three way ANOVA). Diet and time were both significant factors @ < 0.001 

and p c 0.0 1, respectively, two way ANOVA). With the exception of fish fed diet PE:TE 



Figure 3.10: Mean daily lipid intake (mg lipidlg fish) by O+ and 1+ wolffish fed six diets 
with a range of PE:TE values under two temperature regimes. (A: O+ 
wolffish held at 9 OC, n = 168; B: O+ wolffish held at ambient seawater 
temperature; C: 1+ fish at ambient temperature. In Figures B and C, 
period 1 : n = 70, period 2: n = 42, period 3 : n = 56 .) Vertical bars 
represent standard error. 
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= 0.35, which had a higher lipid intake in penod two than in period one, the lipid intake 

decreased significantly as time passed and the temperature decreased (Figure 3.10). The 

highest mean daily lipid intake was seen in fish fed diet PE:TE = 0.55, which consumed 

5.294 k 0.350 mg lipidg fish in period one and 3.505 k 0.394 mg lipid/g fish in period 

three. 

3.2.6 Daily Energy Intake 

In fish held at constant temperature there were no significant differences in daily energy 

intake among replicates nor over time @ > 0.05 for each factor, three way ANOVA). As 

the PE:TE increased the daily energy intake decreased sipificantly (p < 0.000 1, one way 

ANOVA; Figure 3.1 1 A). Diet PE:TE = 0.35 was consumed at a significantly higher rate 

than diets PE:TE 2 0.46 (Tukey's B). Also, diet PE:TE = 0.40 was consumed at a higher 

rate than diets PE:TE 2 0.55 (Tukey's B). 

The energy intake of O+ fish at ambient temperature was significantly influenced by diet 

(p < 0.0 1, two way ANOVA) and tirne @ < 0.001, two way ANOVA), but no tank effects 

were apparent @ > 0.05) (Figure 3.1 1B). The decreasing temperature had an effect such 

that the energy intakes for periods one and two, covering a temperature range 13.0 O C  to 

5.5 OC, were statistically similar (pooled value = 49.654 t 0.948 d g ) ,  but the mean 

value for period three was significantly lower (23.503 f 0.768 caVg). No interactions 

between diet and penod were found @ > 0.05, two way ANOVA). 

Replicates were not a significant factor in the energy intake of 1+ fish at ambient 

temperature (p > 0.05, three way ANûVA). Diet and time were significant factors in the 

daily energy intake @ < 0.05 for both factors, two way ANOVA). In period one the fish 

fed diet PE:TE = 0.35 consumed 56.986 + 3.621 caloriedg each &y, significantly more 

than those fed diet PE:TE = 0.6 1 wbich consumed 4 1.138 * 2.409 caloriedg each day 



Figure 3.1 1 : Mean daily energy intake (calories/g fish) by O+ and 1 + wolffish fed six 
diets with a range of PE:TE values under mo temperature regimes. (A: O+ 
wolffish held at 9 OC, n = 168; B: O+ wolfnsh held at ambient seawater 
temperature; C: 1+ fish at ambient temperature. In Figures B and C, 
period 1: n = 70, period 2: n = 42, period 3:  n = 56.) Vertical bars 
represent standard error. 
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(Tukey's B). Similarly, during penod 3, the fish fed diet PE:TE = 0.35 consumed 46.371 

k 4.6 1 1 caloriedg daily compared to the 20.107 f 1.427 caloriedg consumed daily by the 

fish fed diet PE:TE = 0.61 (Figure 3.1 IC). Post hoc analysis (Tukey's B) revealed that 

the energy intake when PE:TE > 0.54 was significantly lower than when PE:TE < 0.41 

(Figure 3.1 1). No interaction between diet and t h e  was evident (p > 0.05, hvo way 

ANOVA). 

3.2.7 Hepatosomatic Index 

Replicate effects were not significant @ > 0.05, two way ANOVA). Mean hepatosomatic 

indices of O+ fish held at 9 OC were plotted against the dietary PE:TE treatrnent (Figure 

3 12). The hepatosomatic index of fish fed PE:TE = 0.35 (4.645 + 0.127 %BW), was 

significantly higher than the next closest hepatosomatic index value (PE:TE = 0.55 ; 

4.246 + 0.096 %BW; Tukey's B). Fish fed diets with PE:TE = 0.45 and 0.55 had 

statisticdy similar hepatosomatic index values as did fish fed diets with PE:TE = 0.40 

and 0.46, with both pairs of values being significantly different fkom each other. Despite 

the significant results, no trend was evident @ > 0.05, regression ANOVA). Although the 

liver does not appear to be afïected by changes in the dietary lipid balance, observations 

during dissections revealed white fatty deposits in the mesentery associated with the 

intestines. No analysis was done regarding the composition of these deposits and limited 

notes were made on the dietary PE:TE value of the fish in which these deposits were 

found. 

When the hepatosomatic index values were plotted against the daily lipid intake, no trend 

was evident @ > 0.05, regression ANOVA; Figure 3.13). Likewise, a plot of the 

hepatosomatic indices by daily energy intake showed no correlation @ > 0.05, regression 

ANOVA; Figure 3.14). 



Figure 3.12: Hepatosomatic indices (%BW) of O+ wolffish, held at 9 OC, in relation to 

the dietary PE:TE value. Verticai bars represent standard error. 

Figure 3.13: Hepatosomatic indices (%BW) of O+ wolfish, held at 9 OC, in relation to 

the mean daily lipid consumption (mg lipidlg fish). Vertical bars represent 

standard error. 

Figure 3.14: Hepatosomatic indices (%Bv of O+ wolEsh, held at 9 OC, in relation to 

the mean daiiy energy consumption (calones/g fish). Vertical bars 
represent standard error. 
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3-2.8 Feed Conversion Ratio 

Replicates for each diet were not statisticdly different, so results for each diet were 

pooled (p > 0.05, rhree way ANOVA). No diet eEects were significant @ > 0.05, two 

way ANOVA). Time was a significant factor @ = 0.017, two way ANOVA), with a 

significantly lower FCR in penod two (1.196 t 0.049) than in periods one and three, 

which were not statisticdly different accordhg to pom hoc analysis (2.471 f 0.409, and 

2.674 t 0.528, respectively; Figure 3.15A). In period two, no diet vras converted more 

efficiently than another @ > 0.05). 

At ambient temperatues, the O+ fish showed no significant difference in the feed 

conversion ratio between replicates, diets and t h e  penods @ > 0.05, three way ANOVA) 

(Figure 3.15%). The overail mean FCR for dl die& and penods was 1.635 t 1.152 (n = 

35). 

A similar situation was evident in the I +  fish maintained at ambient temperatures (Figure 

3.15C). No significant ciifferences were found in the feed conversion ratios among 

replicates within diets nor among die& @ > 0.05, three way ANOVA). The mean FCR 

was 1.712 f 0.186. 

3.2.9 Protein Efficiency Ratio 

Replicates of each diet treatment in the constant temperature ûial with the û+ fish were 

not statistically different, therefore PER values were pooled @ > 0.05, three way 

ANOVA). Again, the results during period two (2.1 15 k 0.163) were higher than the 

results in periods one and three, which were subsequently pooled (pooled PER = 1.133 f 

0.088). No sigmfïcant differences were detected in the PER among the diet treatments [p 



Figure 3.15: Feed conversion ratios (FCR) of O+ and 1+ wolffish fed six diets with a 
range of PE:TE values under two temperature regimes. (A: O+ wolffish 
held at 9 OC, n = 2 (periods 1 and 3), n = 2 (period 2); B: O+ wolffish held 
at ambient seawater temperature, n = 4; C: 1+ fish at ambient seawater 
temperature, n = 3 for PE:TE = 0.45, n = 1 for PE:TE = 0.55 and n = 2 for 
remaining diets. Vertical bars represent standard error. 
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> 0.05, one way ANOVA (periods one and three pooled) and p > 0.05, one way M O V A  

@erïod two); Figure 3.16AI. 

.At ambient temperatures the PER of O+ fish held in replicate tanks widiin diet treatments 

were not statistically different and no differences were attributable to decreasing 

temperatures @ > 0.05 for each factor, three way ANOVA; Figure 3.16B). The mean 

PER for the trial was 1.774 + 0.128 (n = 35). 

At ambient temperature, l+ fish showed no significant differences in PER behveen 

replicates, nor with decreasing temperatures @ > 0.05, three way ANOVA; Figure 

3.16C). There were no significant differences in PER among diet treatments @ > 0.05, 

one way ANOVA). The mean PER for the trial was 1.665 f 0.142 (n = 27). 

3.2.10 Production Cost 

The production cost of O+ fish at 9 O C  was not significantly affected by replicate effects @ 

> 0.05, three way ANOVA), so the tank data was pooled. Diets were not a significant 

factor @ > 0.05, two way ANOVA), but the period significantiy influenced the 

production cost (p = 0.017, two way ANOVA; Figure 3.17A). Periods one and three 

were statistically similar (pooled value = 3.402 t 0.3 15 $/kg), and were significantly 

higher than penod two ( 1.59 1 f 0.1 67 $/kg; Tukey ' s B). 

The cost of producing û+ fish at ambient temperature was not significantly affected by 

tank effects, tirne or diets @ > 0.05 for ail factors, three way ANOVA). The rnean cost of 

production was 1.976 I 0.12 1 $/kg (Figure 3.17B). 



Figure 3.16: Protein efficiency ratios (PER) of O+ and 1+ wolffish fed six die& with a 
range of PETE values under No temperature regimes. (A: O+ wolffish 
held at 9 O C ,  n = 4 (periods 1 and 3) and a = 2 (period 2); B: Oc wolffish 
held at ambient seawater temperature; n = 6; C: 1+ fish at ambient 
seawater temperature. n = 3 for PE:TE = 0.45, n = 1 for PE:TE = 0.55 and 
n = 2 for remainiog diets. Periods refer to 4 week intervais during the 12 
week trial. Vertical bars represent standard error. 





Figure 3.17: Cost of production ($/kg) of O+ and 1+ wolffish fed six diets with a 
range of PE:TE values under two temperature regimes. A: û+ wolffish 
held at 9 OC, B: O+ wolffish held at ambient seawater temperature; 
C: 1+ fish at ambient seawater temperature. Only feed costs are taken into 
account. Vertical bars represent standard emr. 
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At ambient temperature, the production cost of 1+ wolffish was independent of tank 

effects, time and diet effects @ > 0.05 for al1 factors, three way ANOVA). The mean 

value for the treatment was 2.270 i 0.2 19 $kg (Figure 3.1 7C). 

3.3. Gastn'c Evacuation Trial 

3.3.1 PE:TE Trial 
Initial feed intake by O+ wolffish, expressed a s  both gram and %BW, was not linearly 

related to fish size @ > 0.05, regression ANOVA), so no corrections were made prior to 

analysis. Linear and logarithmic equations were calcdated to fit the g a s ~ c  evacuation 

profile and in al1 cases, the R value and regression ANOVA indicated that the linear 

equation was the more accurate, with one excepuon (Table 3.7). The evacuation rate of 

fish fed diet PE:TE = 0.45, expressed as a percent body weight was better described by a 

logarithmic equation (Equation 8) than a linear equation (Equation 9). 

The linear gastric evacuation rates in grams per hour are shown in Figure 3.18 and are 

s h o w  as a percent body weight in Figure 3.19. The initial intake values have been set to 

an arbitrary value in order to demonstrate the relative rates of evacuation. 

3.3.2 Temperature Trial 

Initiai feed intake by Dt wolfnsh, expressed as both grams and percent body weight, was 

not linearly related to fish size (p > 0.05, regression ANOVA), so no corrections were 

made prior to analysis. Linear and logarithmic equations were calcdated to fit the gastnc 

evacuation profile and in al1 cases, the R value and regression ANOVA indicated that the 



Table 3.7: Equations, R~ values and p vaiues for gastric evacuation of juvenile wolffish 

fed six diets with a range of PE:TE vaiues at 9 OC. A: Stomach contents in 

grams; B: Stomach contents as %BW. For each equation, n = 40. 

- - - - - - . - - - - - - - - - - 

Equation R~ P 

y = -0.00196~ + 0.09375 0.45823 < 0.000 1 

y = -0.00239~ + O. 13937 0.22832 0.00 18 

y = -0.003 1 Sx + 0.14688 0.326 1 8 0.000 1 

y = -0.00142~ + 0.09977 0.1 1314 0.0389 

y = -0.00220~ + O. 10888 0.21937 0.0023 

y = -0.00209~ + 0.09852 0.30758 0.0002 

Equation R~ P 

' Logarithmic equation (y = - 2 . 8 7 5 7 3 ~ ~ ~ ~ ' ' )  had  of 0.34668 and p < 0.000 1. 
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Figure 3.18: Cornparison of gastric evacuation rates ( g h )  of O+ wolffish at 9 O C  in 
relation to dietary P E : E  d u e .  initial meal size fixed at 0.10 g. 
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Figure 3.19: Cornparison of g&c evacuation rates (%BWh)  of O+ wolffish at 9 O C  in 
relation to dietary PE:TE value. Initial rneal site fixed at 1.00 %BW. 



linear equation had a higher correlation in every case (Table 3.8). The linear gastric 

evacuation rates are shown in Figures 3.20 and 3.2 1. The initial intake values have been 

set to an arbitrary vaiue in order to demonstrate the relative rates of evacuation. 



Table 3.8: Equatioas, R~ values and p values for gasmc evacuation of juvenile wolffish 

fed a commercial salmon feed at three temperatures. A: Stomach contents in 

gram; B: Stomach contents as %BW. For each equation, n = 40. 

Temp. (OC) 1 Equation R~ P 
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Figure 3.20: Cornparison of gastric evacuation rates (g/hr) of O+ wolffish at three 
temperatures. Initial meal size fixed at 0.25 g. 
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Figure 3.21: Cornparison of g b c  evacuation rates (%BW/hr) of O+ wolffish at three 
temperatures. Initial meal size fixed at 2.00 %BW. 



4.0 Discussion 

4. f Stocking Density 

The aggression observed among juvenile wolffish fish held at low densities was curious. 

Though not gregarïous in the wild, they are not outwardly aggressive. However, linle 

information Iiom the wild is available on larvai and juvenile wolffish and it may be that 

aggression is important for newly senled fish. Perhaps, iike Arctic cham, the peak growth 

rate occurs at very high densities. This is made evident by the decrease in aggressive 

interactions among Arctic char stocked at the two higher densities, as noted by Brown et 

ai. (1992). No observations were reported as to the size of the aggressor so as to 

determine if the aggression was carried out by the biggest fish. Davenport et al. (1990) 

reported a feeding hierarchy in halibut. 

Stocking density had a significant influence on the FCR and PER in wolffish. The higher 

the density, the more efficiently feed and protein were used. Again, the decrease in 

aggressive interaction rnay be the prirnary factor responsible. If so, it is noteworîhy that a 

behavioural factor has a significant physiological response. 

Oriova et al. (1989) reported a reduced feeding activity and, in some cases, cessation of 

feeding in wolffish held aione. M e n  stocked with more than one fish in a tank the 

feeding activity level of the fish increased dramatically. This is in contmt to the curent 

results. While the rate of feeciing, itself, was low, fish held at the lowest stockhg density 

did not necessarily consume the least feed per meal. When fed twice per day, the 20 g/L 

treatment had a significantly higher mean med size than the two higher stocking 

densities. When fed Iess f?equentiy, the low density fish consumed statistically similar 

mean meal sites to the 80 g/L, fish. Persson (1982) reported an increase in the rate of 

food consumption when the roach (Rutilus rutilus) is kept in schools. Similady, in the 



current snidy with wolffish, the rate of feeding was higher in the high density tanks, but 

the totai consumption, though much slower in the low density tanks, was greater. Further 

investigations of growth, health and yield of wolffish at stocking densities equal to and 

greater than 80 kg/& are recommended. 

4.2 Feeding Schedule 

nie current gastric evacuation data shows that at 9 OC, approximately 48 hours were 

required to digest a large meal of fomulated feed. Orlova et al. (1989) using wolffish fed 

a large meal of scallops at 1 .O OC to 2 OC, discovered that wolffish refused to eat for three 

days. In that study the fkst indication of feces was after 3.5 days and normal feeding did 

not occur until after 4.5 days. Therefore, it seems unreasomble to expect appetite to 

r e m  within houn of a meal. This corroborates the current finding that decreasing the 

meal fiequency to once every two days did not have a negative impact on the SGR of 

juvenile wolffish. Lied et al. (1985) concluded that the feed conversion efficiency of cod 

suffered when the fish were fed twice every day. They extended the t h e  between meals 

to four days and though the growth rate slowed, the feed conversion was vexy efficient. 

Lie et al. (1988) found a similar FCR in cod whether they were fed each day or every 

second day. When they fed cod every third day, the FCR did not increase. Furthemore, 

weight gain was reduced, therefore there was no advantage to feeding cod every third &y. 

Similarly, with wolnish, there was no advantage (nor disadvantage) to a reduced feeding 

fiequency, over the range tested, as far as the SGR and FCR were concerned. To a 

cominercial f m e r ,  however, this translates to reduced feed and labour costs. However, 

reducing the feeding frequency to once every three &ys or more may have a negative 

impact on the SGR and FCR of juvede wolffish. 

Davenport et al. (1990) found that halibut retained large meals in their stomachs for 

approximately four days. Meals offered at 3 day intervals were not consumed by al1 fish. 



This is similar to observations in the current snidy, where fish fed nuice per day did not 

ravenously approach each meal, whereas a high proportion of fish fed once every two 

days fed actively. 

Tuene and Nortvedt (1995) studied the feed intake of Atlantic halibut fed once per day at 

8-9 O C  and found that the maintenance ration was 0.126 %BW/day. A cornparison may 

be made directly with wolffish in the current expeiiment which were fed a similar diet 

(turbot: 5.71 k c d g ,  PE:TE = 0.58; wolffish: 6.06 kcal/g, PE:TE = 0.49) once a day and 

held at the same temperature. Wolffish consumed nearly four times the daily ration of the 

halibut. The SGR values were supezior in the wolffish (halibut: 0.287 %BW/day; 

wolffish: 0.399 %BW/day). Feed conversion ratios for halibut [calculated fiom gross 

feed conversion efficiency (GFCE) values] ranged between 0.88 and 1.09, while the FCR 

of wolffish ranged fiom 1.34 to 2.72 @&er stocking densities lead to lower FCR). ln 

this study, the halibut converted their feed more efficiently. 

The optimum growth rates in my study were found when the PE:TE was between 0.45 

and 0.55. The correspondhg carbohydrate values were between 10 and 1 7% dry weight. 

The PE:TE = 0.61 diet had only 4.4% carbohydrate by weight, so evidently, carbohydrate 

levels in the wolffish diet may reach 17% without ïmpairing growih. Hernre et al. (1989) 

increased the carbohydrate energy content of cod diets fiom O to 30% and growth was not 

afFected nor did the carbohydrate appear to have a protein sparing effect. However, this 

may be due to the decreased digestibility of carbohydrate as the concentration in the diet 

increased. 

Lie et al. (1988) investigated the effects of a variety of dietary PE:TE on the performance 

of cod. They conclude that weight gain in cod is highest when PE:TE = 0.42. The feed 

conversion ratio was sigdicantly lower when PE:TE = 0.42, than when PE:TE = 0.27 or 



0.56. The protein eficiency ratio was significantly higher at PE:TE = 0.27 and 0.42 than 

at PE:TE = 0.56. Like cod, wolffish are a non-oily fish and the results in the current 

snidy were very similar to those reported by Lie et al., (1988). 

Aksnes et al. (1996) fed Atlantic halibut four diets with PE:TE values between 0.49 and 

0.76 (protein incrementally substituted for lipid) and found no significant effect on 

growth or feed conversion (feed conversion = FCR-' ). However, using three diets 

ranging from PE:TE = 0.39 to 0.49, (lipid constant at 25% dry weight) both growth and 

feed eEciency increased significantly. Based on these, and other results, they concluded 

that the PE:TE has a significant h e a r  effect on the feed efficiency, but not on the SGR. 

Also, they found no Iink between the PE:TE and feed intake. The current study a f f m i s  

their conclusion regarding SGR, but the PE:TE variations did not significantly influence 

either the FCR or the feed intake of juvenile wolffish in the current study. 

Isonitrogenous diets given to turbot resulted in increased weight gain and protein 

efficiency ratio (PER) as the energy level increased (Adron et al., 1976). This was not 

accompanied by an increase in body fat, therefore, the protein s p a ~ g  effect of lipid was 

evident. in addition, these same workers, using isocaloric diets with 35% and 50% 

protein (dry weight basis) discovered a higher PER using the lower protein diet. This was 

not the case in my study, where no signifiant ciifferences in PER were evident due to 

variations in PE:TE, at either 9 O C  or ambient temperature. 

4.4 Gastric Emptying 

According to Jensen and Berg (1 993), a large variation in the size of the initial meal 

consumed by fish following a penod of starvation is a common occurrence. in the current 

snidy, the initial fed intakes appeared to Vary considerably, but were, in fact, statistically 

similar. Ln addition, over the weight range selected, fish weight was not a factor in the 

initial meal size, either as a meal weight or percent body weight. 



The feed type did not appear to have a significant effect on the rate of gastric evacuation 

in the curent study. However, Orlova et al. (1989), also working with wolffish 

concluded that the indigestible matter in the diet increased the rate of evacuation through 

the intestines. This was not directly noted in the current study because it dealt exclusively 

with the evacuation of meals fiom the stomach and the feeds used were highiy digestible. 

Orlova et al. (1989) also observed protracted evacuation of hi&-fat meals fiom the 

wolffish stomach, in other words the stomach was emptied within one day and the meal 

remained in the intestines 8 to 10 days. A similar phenornenon appears to exist in higher 

vertebrates (Hunt and Stubbs, 1975; Bu.-Murdoch et al., 1978). According to Jobling 

(1980), the rate of food movement fiom the stomach into the duodenum in fish is such 

that the energy flow is constant. T'herefore, the rate of passage is increased when food is 

of low nutrient density. 

Davenport et al. (1990) starved halibut for eight days at 10 OC and then fed to satiation. 

They discovered that the entire meal remained in the stomach for 12 hours and some food 

remains in the stomach up to four days. However, halibut have a very large stomach and 

consume their food whole, hence a long period of digestion in the çtomach is required. 

Lemon sole, on the other hand, with small stomachs and relatively long intestines, ingest 

small, frequent meais which leave the stomach after about two days @avenport et al., 

1 990). 

In the current study, at 9.0 OC, using diets with a range of PE:TE values, a linear mode1 

for gastric emptying provided the best fit in all but one case. The dopes ranged fiom an 

evacuation rate of 1.42 mg/hr to 3.15 mg/hr (0.0 1 1 %BW/hr to 0.025 %B Wh). Bromley 

(1987), using turbot with a mean weight of 0.42 kg, found a mean evacuation rate of 0.47 

ghr or 0.1 12 %B W/hr. The evacuation rate of the turbot, as related to fish weight, 

decreased with increasing fish size, while the absolute evacuation rates increased with 

increasing fish size. Similady, Bromley (1988) found a linear relationship in the gastric 



evacuation rate of whiting (mean weight 268 g) held at 10 OC. in that study the average 

rate of gastric emptying was 0.3 1 ghr. bbling (1987) determined that evacuation of dry 

pellets rnay be accurately described by a square-root equation or a linear equation, as was 

found in the current study. The fact that the fanest and slowest gastric evacuation rates in 

the current eial were found using diets PETE = 0.45 and 0.46, respectively, confïrms the 

conclusion of Jobling (1980) that the rate of gastric evacuation is independent of dietary 

energy level and composition. 

The current study dernonstrated a linear, temperature-dependent rate of gastric evacuation 

in wolffish. The evacuation rates of wolffish at 5 O C  and 2 O C  were very similar, but may 

be confounded by the fact that the fish held at 2 O C  ate half the amount of feed consumed 

by the fish at 5 OC. Tyler (1970) using cod (mean weight 229 g) determined that a 

logarithmic curve was best except when the temperature was 15 O C  or 19 OC, when the 

linear and logarithmic models were equally acceptable. Persson (1 982), using roach 

(Rutilus rutilus) also found that exponential models provided a better fit to gastnc 

evacuation data than linear models. Likewise, Jobling et al., (1 977) determined that the 

gastric evacuation rate in the dab is best described by an exponential model. They noted 

that larger meals increased the rate of gastric evacuation at a given temperature. This 

does not explain the results of the current study, which showed that the evacuation rates 

of wolffish at 5 OC and 2 O C  were nearly identical even though the fish at the colder 

temperature consumed half the amount of the fish at 5 OC. Generally, the smaller the 

meal size, the slower the rate of gastric evacuation (Tyler, 1970; Flowerdew and Grove, 

1979). 

4.5 Hepatosomatic lndex 

In the current investigations on the effects of varying dietary PE:TE on HSI, no 

significant relatiouship between the HSI values and the dietary PE:TE, nor the lipid 

intake and the energy intake were found. Cod, as a non-oily fish, store most of their lipid 



reserves in their livers. The lipid content of cod livers ranges between 50 and 60%, while 

the lipid content in the muscle is less than 1% (Lie et al., 1988). Normal hepatosomatic 

index values range fiom 842% in cod while those recorded in wolffish in the current 

study range between 3 and 5%. Lie et ai. (1988) also found a linear relationship between 

the total fat consumed and the hepatosomatic index in cod. In wolffish the relationship 

was neither linear nor logarithmic. However, the nanow range of hepatosomatic index 

values found in wolffish may reflect the fact that the lipid content of the diets used ranged 

only fiom 19.96 to 29.99% of the dry diet. This is a much smaller range of dietaxy lipid 

than was used by Lie et al. (1988) in the cod study (1 1 to 61% fat energy). They 

concluded that a hepatosomatic index of less than 10% could be achieved by using a diet 

with 25% or less dietary lipid. Their general recommended formulation for cod diets is 

60% protein, 25% fat and 15% carbohydrates, which gives a PE:TE = 0.529. This was 

within the range of dietary PE:TE values used in the current çhidy. However, no 

recommendation of the dietary formulation can be made based on the wolffish HSI results 

aione. 

The Iack of definitive HSI results may be due to the fact that the trial was too short for a 

significant change in HSI to occur. Berge and Storebakken (1991), conducted a similar 

nial using halibut and two diets (PE:TE = 0.62 and 0.52) and found no significant 

difference in the HSI after fourteen weeks. However, Aksnes et al. (1996) fed halibut six 

diets with a range of PE:TE values (0.49 to 0.76) for 523 days and no sipnificant 

differences were found in the HSI. Instead, they discovered highly significant differences 

in the lipid content of eviscerated fish and the weight of the entraiis. Similarly, wolffish 

fed diets with low PE:TE values had fat deposits associated with the mesentes, around 

the intestines. In future studies, more attention should be given to the intestines and their 

role in lipid storage. 



4.6 Aquaculture Implications 

Woifish have a Iife history and biological chamcte&.ics that make them ideal for culture 

purposes, especially in coastal areas of the north Atlantic Ocean. With lamal rearing 

protocols M y  established, and the current advances Li juvenile and on-growing 

procedures, large-scale culture of wolffish is becorning econornical. Once requirements 

for reproduction in captivity have been determined, a sustainable broodstock c m  be 

established to supply eggs and eliminate the need for yearly egg collection. 

The results of the current study provide a framework for the commercial culture of 

wolffish. For juvenile and on-growing wolffish, stocking densities of 80 g/L or greater 

are recommended, as  is a meal fiequency of 1 m e W o  days. These represent the lowest 

recornmended values. Further research is wamnted to determine if higher stocking 

densities and lower meal fiequemies are beneficid and practical. Growth parameters do 

not seem to be affected by the use of a flow through system or re-circulated water supply 

provided that good water quality is maintained. Recommended rearhg temperatures 

range between 13.0 O C  and 5.6 OC. Practically speaking, wolffish famiers could rely on an 

unheated ambient water supply until the temperature falls below 5.6 OC. Controlled 

temperature trials below 5.6 OC should be conducted in order to clearly establish the 

temperature at which the feed intake and growth rate decrease to a level significantly 

lower than that of fish heid at higher temperatures. 

Regarding feeds for use with wolffish, emphasis should be placed on dry, extruded feeds 

with a PE:TE b e ~ e e n  0.45 and 0.55, based on the good growth rates achieved using 

those diets in the current study. There appears to be no advantage in growth or feed 

conversion to use diets with a higher PE:TE. niough the cost per unit of feed decreases 

with lower PE:TE feeds, the reduced growth rates and increased feed intake make their 

use impracticai. 



5.0 Conclusions 

5.7 Stocking Density / Feeding Schedule Triai 

1. Low stocking density (20 glL) combined with a low feeding fiequency (one meaYtwo 

days) may lead to aggressive, non-injurious, interaction among juvenile wolffish. 

2. Juvenile wolffish appeared to feed more actively in the aftemoon than in the morning. 

3. Feeding rate of juvenile wolnish was inversely related to meal fiequency. 

4. The SGR of juvenile wolffish was undected by stocking density and feeding 

SC heduie. 

5.  The condition index of juvenile wolffish was not signuicantly affected by feeding 

schedule or stocking density. 

6. Stocking density significantly affected the amount of feed consumed by juvenile 

wolffish. The lowest meal size was found with fish stocked at 80 g/L (3.990 k 

6 . 0 2 9 ~ 1 0 ~  mg/g) and the highest meal size was consumed by fish stocked at 50 gR 

(4.955 t 6.235* lo4 mg/g). 

7. Meal frequency signincantly influenced the amount of feed ingested. Fish fed once 

every two days consume a larger meal than those fed twice a day, but over the same 

thne penod (two days), fish fed twice a day actualiy consumed more feed than those 

fish fed once in two days. 



8. Since feed consumption decreased as feeding fkequency decreased (Conclusion 7) and 

the SGR was unaffected by changes in feeding fiequency (Conclusion 4), then money 

may be saved by feeding wolffish less fiequently (i.e., labour costs are reduced as are 

feed costs). 

9. The FCR of O+ wolffish decreased significantfy when the stocking density was greater 

than 50 g/L. 

10. The PER was significantly higher when the stocking density was greater than 80 g/L. 

5.2 Die- Energy Balance Trial 

1. A decrease in water temperature significantly decreased the SGR of juvenile wolffish, 

but did not significantly influence the condition index. 

2. Dietary PE:TE had no significant impact on the SGR of O+ or 1+ fish at 9 O C  or at 

ambient temperature. 

3. Feed consumption was inversely, and sipnincantly, related to the dietary PE:TE 

values. Ingestion of diets PE:TE = 0.3 5 and 0.40 were significantly higher than that 

of die& PE:TE = 0.55 and 0.61. 

4. Intake of lipid and energy decreased significantly as the PE:TE increased. 

5. In O+ wolffish at ambient temperature, daily lipid intake and energy intake in each 

diet treatment remained constant between 13.0 OC and 5.5 OC. Lipid and energy 

intakes, when temperature dropped below 5.5 OC, was roughly half that of the higher 



temperature penods. The response for l +  fish was similar, but the intake during the 

coldest period was not always significantly different than the period before (the 

wanner of the two). 

6. No significant effects on energy intake were produced by an interaction between 

PE:TE and time (Le. decreasing temperaîure). This lack of correlation indicated that 

energy requirements of juvenile wolffish did not change as the temperature decreased. 

7. The HSI of O+ wolffish held at 9 O C  ranged b e ~ e e n  4.645 %BW and 3.349 %BW. 

This was a small range for lean-fleshed marine fish and no significant regression 

effects on the HSI were evident with respect to dietary PE:TE, lipid intake and energy 

intake. 

8. Dietary PE:TE values had no significant impact on the FCR at eithcr ambient or 

constant temperatures. 

9. The PER of juvenile wolffish was not significantly afTected by either dietary PE:TE or 

decreasing temperatures. 

10. The coa of production was not significantly afTected by dietary PE:TE based on this 

set of experiments. A prolonged, large-scale experiment would, however, more 

accurately determine the production cost. 

1 1. The cost of production did not decrease sigdiwitiy as the temperature decreased. 



5.3 Gastric Evacuation Trials 

1. Temperature had a significant, direct effect on the initial feed intake. 

2. Gastric evacuation rates of wolffish expressed in grams per hour or percent BW per 

hour were better represented by linear equations than logarithmic equations. 

3.  Although gastric evacuation rates varied with dietary PE:TE values, there was no 

direct correlation between the two factors. 

4. The rate of gastric evacuation decreased with decreasing temperature. The rates at 

which fish at 5 O C  and 2 O C  emptied their stomachs were very sirnilar, but the fish 

held at 2 O C ,  in reality, consumed half of the amount of food consumed by the fish 

held at 5 OC. 
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APPENDICES 



Appendix A: Weights and lengths of juvenile wolffish by year class and rearing method. 

Year Age Faciiity n Length Weight Condition 
Class (days) (cm) (g) Index 

- ,- - - - - - - - - - - -- - - - - - - - - - . . - - - - - - - - - - - -- - - - 

Fish fed Hi-Pro Salmon Grower diet (Corey Feed Mills, Fredericton, NB), once every two days 
for approximately 400 days. Fish were not fed to apparent satiation. 



Appendix B: Three way ANOVA for the SGR of O+ wolffish fed commercial salmon 

feed by stocking densitya, feeding schedufeb and replicatec at 9 OC. 

Source of Variation Sum of d f Mean F Sig. of F 
Squares Squares 

- - - 

Main Effects 

Density 

Schedde 

Replicate 

2-Way Interaction 

Density - Schedule 

Density - Replicate 

Sched. - Replicate 

3-Way Interaction 

Dens.-Sched.-Rep. 

Ex p lained 

Residual 

To ta1 

aRefers to stocking densities 20 a, 50 g/L and 80 g/L. 
kefers to feeding schedules: two mealdday, one medday and one meaVtwo days. 
'Refers to three replicates per treatment. 



Appendh C: Four way ANOVA for the daily feed intake of O+ wolffish fed 

commercial salmon feed by stocking densid , feeding schedulesb, penodc 

and replicatesd at 9 OC. 

- 

Source of Variation Sum of Squares df Mean F Sig. of F 
Squares 

Main Effects 
Schedule 
Density 
Period 
Rep licate 

2-Way Interaction 
Schedule - Density 
Schedule - Period 
Schedule - Replicate 
Density - Penod 
Density - Replicate 
Period - Repkate 

3-Way Interaction 
Sched. - Dens. - Per. 
Sched. - Dens. - Rep. 
Sched. - Per. - Rep. 
Dens. - Per. - Rep. 

4- Way Interaction 
Sched.-Dens.-Per.-Rep. 

Explained 
Residual 
Total 0.042 2555 

"Refers to stocking densities 20 g/L, 50 @'L and 80 g/L. 

k e f e a  to feeding schedules: two mealdday, one meaVday and one meaYtwo days. 

'Refers to three- four week periods. 
d Refers to three replicates per treatment. 



Appendix D: Three way ANOVA for the FCR of O+ wolffish fed commercial salmon 

feed by stochg densit4, feeding schedulesb and replicatec at 9 O C .  

Source of Variation Sum of df Mean F Sig. of F 

Squares Squares 

Main Effects 

Density 

Schedule 

Replicate 

2- Way Interaction 

Density - Schedule 

Density - Replicate 

Sched. - Replicate 

3- Way Interaction 

Dens.-Sched.-Rep. 

Explained 

Residual 

Total 

'Refers to stocking densities 20 g/L, 50 g/L and 80 g/L. 

b~efers to feeding schedules: two mealdday, one meaVQy and one medtwo days. 

'Refers to three replicates of each treatrnent. 



Appendh E: Three way ANOVA for the PER of O+ wolfish fed commercial salmon 

feed by stocking densitya, feeding schedulesb and replicatesc at 9 O C .  

Source of Variation Sum of Squares df Mean F Sig. of F 

Squares 

Main Effects 

Density 

Schedule 

Replicate 

2- Way Interaction 

Density - Schedule 

Density - Replicate 

Sched. - Replicate 

3- Way Interaction 

Dens.-Sched.-Rep. 

Explained 

Residuai 

To ta1 
- - 

'Refers to stocking densities 20 glL, 50 g/L and 80 g/L. 

%tefers to feeding scheciuies: two meais/day, one rnedday and one medtwo days. 

'Refers to three replicates per treatment. 



Appendix F: Three way ANOVA for Iength of O+ wolffish fed six formuiated dietsa 

with a range of PE:TE values, over three - 4 week periods and tank 

replicatesb at 9 OC. 

Source of Variation Sum of Squares df Mean F Sig. of i? 

Squares 

Main Effects 169.136 9 1 8.793 37.376 0.00 

Diet 53.202 5 10 .640 21.162 0.00 

Tank 3.484 1 3 .484 6.929 0.009 

Time 109.839 3 36.613 72.8 17 0.00 

2- Wa y  Interaction 14.260 23 0.620 1 -233 0.206 

Diet - Replicate 5.3 20 5 1.064 2.1 16 0.06 1 

Diet - Time 4.796 15 0.320 0.636 0.847 

Tank - Replicate 3.984 3 1.328 2.64 1 0.048 

3 - Way Interaction 3 .O57 15 0.204 0.405 0.978 

Dens.-Sched.-Rep. 3.057 15 0.204 0.405 0.978 

Exp lained 196.93 1 47 4.190 8.333 0.000 

Residual 477.670 950 0.503 

Total 674.60 1 997 0.677 

'Refers to isoenergetic diets with PE:TE values: 0.35,0.40,0.45,0.46,0.55 and 0.61. 

b~efers to two replicates per treatrnent. 



AppendY G: Three way ANOVA for weight of O+ wolffish fed six f o d a t e d  d ied  

with a range of PE:TE values, over three- 4 week periods and replicatesb 

at 9 OC. 

Source of Variation Sum of Squares df Mean F Sig. of F 

Squares 

Main Effects 2216.641 9 246.293 50.677 0.00 

Diet 429.954 5 85.991 17.693 0.00 

Period 0.000 1 0.000 0,000 0.998 

Replicate 1783.232 3 594.41 1 122.304 0.00 

2- Way Interaction 64.086 23 2.786 0.573 0.947 

Diet - Period 13 .50 1 5 2.700 0.556 0,734 

Diet - Replicate 48.037 15 3.202 0.659 0.826 

Period - Replicate 3 .O27 3 1 .O09 0.208 0.89 1 

3 - Way Interaction 3 1.341 15 2.089 0.430 0.971 

Diet-Per.-Rep. 3 1 .341 15 2.089 0.430 0.971 

Explained 2418.019 47 51.447 10.586 0.000 

Residual 46 17.090 950 4.860 

Total 7035.109 997 7.056 

aRefers to isoenergetic diets with PE:TE values: 0.35,0.40,0.45,0.46,0.55 and 0.61. 

b~efers to two replicates per treatment. 



Appendix H: Two way ANOVA for the arcsine of the SGR of O+ wolffish fed six 

formulated dietsa with a range of PE:TE values over three penodsb at 

ambient temperature. 

Squares 

Main Effects 0.004 7 0.00 t 96.652 0.000 

Diet 0.000 5 0.000 2.062 0.068 

Period 0.004 2 0.002 333.288 0.000 

2- Way Interaction 0-00 1 10 0.000 15.413 0.00 

Diet - Period 0.00 1 10 0.000 15.413 0.00 

Explained 0.005 17 0.000 48.93 1 0.000 

Residual 0.004 658 0.000 

To ta1 0.008 675 0.000 

'Refers to isoenergeac die6 with PETE values: 0.35,0.40,0.45,0.46,0.55 and 0.61. 

ke fe rs  to the following pend lengths: Period 1 = 5 weeks, Period 2 = 3 weeb, Period 3 = 4 weeks. 



Appendix 1: Three way ANOVA for the feed intake by O+ wolffish fed six formulated 

dietsa with a range of PE:TE values over three periodsb and replicatesc at 

ambient temperature. 

Source of Variation Sum of Squares df Mean F Sig. of F 

Squares 

Main Effects 5298.55 1 8 

Diet 

Replicate 

Period 

2- Way Interaction 

Diet - Replicate 

Diet - Penod 

Replicate - Penod 

3 - Way Interaction 

Diet-Rep: Per. 

Explained 

Residual 

Total 

'Refers to isoenergetic diets with PE:TE values: 0.35,0.40, 0.45,0.46,0.55 and 0.61. 

b~efers to the following period lengths: Penod 1 = 5 weeks, Period 2 = 3 week, Period 3 = 4 weeks. 

'Refers to two repticates per treatment. 



Appendir J: Two way ANOVA for the feed intake by 1+ wolffish fed six fomulated 

dietsa with a range of PE:TE values over three period~b at ambient 

temperature. 

Source of Variation Sum of Squares df Mean F Sig. of F 

Squares 

Main Effects 

Diet 

Period 

2- Way Interaction 

Diet - Period 

Explained 

Residual 

To ta1 

'Refers to isoenergetic diets with PE:TE values: 0.35,0.40,0.45,0.46,0.55 and 0.61. 

kefers to the following period Iengths: Period 1 = 5 weeks, Period 2 = 3 weeks, Penod 3 = 4 weeks. 




