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ControUinn the Fattv Acid Content of Live Food for Culturd Lawal 

Cha~ter 1: Introduction 

Northern Marine Fanns and Pacific Aqua Salmon Fanning Partners, with the support of 

Aquarnetrix Research Ltd. and in collaboration with the Department of Fisheries and 

Oceans and the Ministry of Fisheries, Govemment of BC, are developing techniques and 

practices to establish a viable sablefish Anoplopomafimbria ( a h  known as black cod) 

aquaculture industry in British Columbia The University of Victoria has assisted them in 

this project. This thesis addresses one aspect of the work: supplying essential nutrients to 

larval sablefish. 

Sablefish are considered g d  candidates for netpen culture. They have a hi& market 

value, and adapt well to captivity (Kennedy, 1972, McFarlane, 1989). Sablefish are also a 

local species, so questions of adapting to the local environment and the introduction of 

exotic species do not arîse. However, cultured juveniles for out-growing on farrns are not 

yet available. To this end, the partnership has sought to complete the sablefish life cycle 

in captivity by ùivestigating the husbandry of adult sablefish in netpens, production of a 

constant supply of eggs through induced maturation of adult sablefish, rearing of larvae 

and eggs, and rearing of juvenile sablefish. 



As part of this projecf juvenile sablefish have been caught in Bute Inlet, B.C., transfemd 

to netcages and successfbily grown to adult fish. The suitabfity of growing sablefish 

from juveniles to adults in captivity bas been investigated at Pacific Aqua Foods' Atlantic 

salmon f m  near Thurlow Island, British Columbia. Sablefish in pens have a hi& 

growth rate, a wide tolerance to various diets, and appear to be resistant to most diseases 

that effect f m e d  salmon. A h ,  sablefish appear to have no effect on Atlantic salmon in 

neighbouring pens. Sablefish culture has required no modifications to existing fish farms. 

The major challenge in culturing sablefish is mortality during the larval stage. The larvae 

grow to a length of 12 mm, but mortaiity increases as yolk sac reserves are depleted. The 

inability of sablefish to grow larger than 12mm was in part attributed to insufficient 

amounts of two essential fatty acids, eicosapentamoic acid (EPA) and docosahexaenoic 

acid (DHA), in their diet (Watanabe, 1993; Whyte et al 1994). Similar studies on turbot 

(Scophrhaimus maximus) lingcod (Ophidiodon elongatus) and Japanese flounder 

(Paraiichthys oiivacerrs) have shown that it is necessary to have adequate amounts of 

essential fatty acids in their diets because juvenile fish lack the ability to synthesize these 

fatty acids de novo (Stottrup and Attramadal, 1992; Funiita et al, 1998). Sablefish larvae 

larger than 2ûmm have been caught in the wild and successfully grown to juvenile fish 

(McFarlane, 1989). This rnay be due to the presence of essential fatty acids in wild feeds, 

which are critical in ensuring the swvival of the wild larvae h m  the 12 to 20 mm size 

(Watanabe, 1993). It may therefore be poshilated that larval siwival of captive sablefish 

may be possible if they are supplied with adequate arnounts of exogenous essential fatty 

acids. 



Objective 

The objective of this project was to examine how the live f d  dia of larval sablefish c m  

be rnanipulated to irnprove nutritional quality and thus improve the survival of lamal 

sablefish. Success of this projet* is a vital step towards completing the sablefish life cycle 

in captivity. It means that sablefish eggs can be hatched, l a n d  sablefish grown to 

marketable sizes and brood stock produced without depending on wild stocks. 

Rationale 

Prior to the sablefish project at the Pacific Biological Station, sablefish larme gniwn in 

the laboratory failed to survive past yolk sac absorption. It is Wrely that this was due to an 

inadquate supply of the essential fatty acids eicosapentaenoic (EPA) and 

docosahexaenoic (DHA) acids in the larval feed (Watanabe, 1993; Whyte et al., 1994; 

Bell and Sargent, 1996). 

The roles of DHA and EPA in fish development has been extensively investigateù 

(reviewed by Rainuzzo et al, 1997). Cold-water marine fish contain a high amount of 

these essential fatty acids in their tissues. Fish cannot synthesize these fatty acids, and so 

have a dietary requirement for them as soon as they begin to rely on an exogenous food 

supply. Lipids, in general, are a source of metabolic energy for developing larval fish 

(Sargent et al, 1999). DHA appears to be the more important fatty acid for energy 

purposes, as it is more quickly consumed during larval development than EPA. 



EPA and DHA are also important for the growth of neural tissues during this 

developmental stage in fish. It has been shown that a diet with low amounts of DHA 

hinders the growth of the brain and cerebellum in the Japanese Hounder (Furuita et al, 

1998). DHA has also been shown to cullect in brain tissues of developing fish, where it 

has a structural role (Moufente et a/, 199 1). 

Essential fatty acid content in farval fish die& has also been s h o w  to affect pigmentation 

in turbot Scopthalrnus maximus (Estévez et al, 1999) and in Atlantic halibut 

NippogZossus hippoglossus (McEvoy et al, 1998). In general, inadequate amounts of 

these essential fatty acids cause malpigmentation in these species. While pigmentation 

does not necasarily affect sunival rate in an aquaculture setting, it does affect the 

market value of the fish, and therefore is a major concern to aquaculturists (McEvoy et 

al, 1998). 

Larval marine fish raised in cap tivity are typicall y fed cultured rotifers (Brachionus 

plicatilis Mueller), wpepods (Tlrbe sp.) or, during later lamal development, brine shrimp 

(Artemia spp.). These metazoans are mainly used because they are relatively easy to grow 

in laboratory conditions (Walford and Lam, 1992). While these species are not the 

nomal natural food of most lamal fish, they are used extensively in mariculture because 

the wild zooplankton available to larval fish cannot be p w n  efficiently in laboratory 

conditions. Arternia and rotifers not raised with special consideration of their fatty acid 

content are not nutritionally adequate to sustain larval marine fish in a cold water 

environment (Tocher, et al., 1997; Whyte et al, 1994). Tisbe sp. do potentially have 



enough essential fatty acids, but it is difficult to raise these copepods in sufficient 

numbers to sustain a large batch of lamal fish. They are therefore impractical to use as 

food for larval fish on a production s a l e  (S-p et al, 1998). The essential fatty acid 

content of rotifers, Artemia and copepods can be increased by varykg their diet of 

microalgae, or supplementing their diet with commercialiy available enrichment products 

such as Super Selco (ïNVE Aquaculture) (Beii and Sargent, 1996). 

Initial research on the fatty acid content of rotifers had been conducted at Pacific 

Biological Station (PBS) in Nanaimo (Whyte et al., 1994). More recently, work by the 

study team at the PBS has shown that enrichment diets can increase the essential fatty 

acid content of rotifers. However, some diets increase both the essential and nonessential 

fatty acids, resulting in a very high overall fatty acid content of rotifers. High fatty acid 

content cornes at the expense of other nutrients such as &hydrates and protein, and 

rotifers fed on these diets may then have enough essential fatty acid to sustain larval 

sablefish, but simultaneously rnay be too low in other nuûients. An ideal enriched diet 

should contain increased amounts of essential fatty acid, without any increase of total 

fatty acid. 

Fatty acid analysis done as part of this graduate project indicates that copepods (Tisbe 

sp.) have inherently higher essentiai fatty acid content than do rotifers. Tests have not yet 

been done to see the effects of enrichment diets on copepod essential fatty acid content. 

Analysis of larval sablefish caught in the wild suggests that calanoid copepods are the 

favoured food of larval sablefish (Grover and 011% 1987, 1990). Caianoid copepods 



cannot be grown efficicntly in captivity, and are avaitable k m  plankton tows only 

inconsistently during the spring months. They are therefore unsuitable as fwd for captive 

l a r d  sablefish 

This study indicates which microalgal species should be used to feed to rotifen and 

copepods before they are fed to larval fish. An attempt was made to use a local species of 

cultured microalgae, Tefraselrnb gracile in order to emulate the natural diet of larval 

sab lefish. This study characterizes essential fatty acid profiles for rotifers, brine shrimp, 

copepods and lamal sablefish The analysis was conducte. on zooplankton fed various 

single and combined dgal diets and enriched with commercially available enrichment 

products. 

There were several suitable species of rnicroalgae available: Thalassiosira psdonana 

(Hustedt clone 3H), IsochrysU. galbana (Green clone T-Iso, tenned Tahitian Isochrysis), 

Pavlova lutheri Droop, Chaetoceros gracilis Schutt, and a Local species of Tetrmelmis 

gracilis Butcher. The rotifer used for al1 experiments was Brachionus plicatilis Muekler. 

The brine shrimp were either Artemiafi.anciscana (Argent, platinum grade) or Russian 

Artemia ( W E  Aquaculture). The copepod was a local1 y isolated species of an 

harpacticoid copepod, Tisbe sp. Sablefish (Anophpo@m bria Pallas) were fed diets 

that were deemed suitable by the fatty acid analysis and this, in part, contributed to the 

first ever survival of larval sablefish to the juvenile stage in captivity. There are many 

factors which contributed and will continue to contribute to lamal survival: tank design, 



broodstock and egg quality, husbandry techniques, water quslity live food quality and 

stocking density. 

During the course of this study, other members of the sablefish research team addressed 

these factors. This study does not specifically examine how diets of varying nutritional 

quality affect larval sablefish, but focuses instead on producing large quantities of 

nutritious live food for lamal sablefish in an efficient and economical manner. 



0 atenals and Methodg 

Part 1 : ho~lankton culture t- 

A large portion of my Masters work has been to participate in developing techniques to 

produce large numbers of mplaokton for feediag to larval fish. Because of the 

importance of these techniques to my thesis and to the sablefish aquaculture project as a 

whole, the culture and preparation techniques for rotifers, copepods, and Artemia will be 

discussed in detail. For rotifers and Artemia, some existiag protocols have been modified 

to suit the demands and available equipment of this project. Rotifer and Arîemia culture 

protocols are based on procedures described by Lavens and Sorgeloos (1996). The 

protocols for raising Tisbe were developed by members of the sablefish research team 

and are not based on previous work. 



Rotifer culture techniaues 

Figure 1 : The rotifer, Brachionus plicatiJis, about 1 2 0 ~  long and 7 0 p  diameter. 
For feeding to larval fish, width, rather than length of the prey organism is a 
critical measmement, as the sue of a particle that can be consumed by a 
larval fish is determined by the mouth gap width of an individual larvae. 

1. Starter Culture 

The first stage of rotifer cdture is a small popuiation which is used to inoculate and 

restore a second, larger, population. The d l  backup culture of rotifers is started from 

rotifer resting eggs. To start the large culture, I d  of resting eggs are added to a mixture 

of 10 liters of filtered sea water and 10 liters of dgal culture, with a density of at least 2 

million cells/rnl. The species of rnicroalgae is not critical for growout purposes, but 

Isochrysis galbana was typicall y used in this study because it was readily available from 

the algae production facility. Rotifer resting eggs are maintained at a temperature 

between 18 and 25 OC for about 4 days, when rotifers can be seen in the culture container. 

Rotifm are then removed h m  îh is  container by siphoning them into a 4 0 - p  sieve, 

washing them very gentiy with 20 OC fltered seawater, and then flushing them h m  the 



sieve into a 4-liter beaker. The container is fiiled to three liters with filtered seawater. 

The rotifers are then enumerated by evenly suspendhg them in the container, and taking 

a O. 1 -ml sample for c o u n ~ g  under a dissecting microscope. If there is at least 1 million 

rotifers total, they are used to inoculate a bag culture. 

2. Bae Culture 

Rotifer bag culture is the secondary stage of rotifer production. Rotifers producexi in this 

stage can be enriched with essential fatty acids and fed to larval fis4 used to produce 

resting eggs, or inoculated into larger batch culture tanks. Rotifer bags are clear hi& 

grade plastic and can contain a volume of water up to 200 liters. They are suspmded in a 

metal h e  in front of a bank of fluorescent lights. Bag culture is maintained under 

bright lighting at al1 times. At l e s t  1 million rotifers are added to 50 liters of filtered salt 

water in a rotifer bag, and are then immediately fed 30 liters of algal culture ranging in 

denity forrn 2 to 5 million cells/rnl. Twenty liters of high-density algae are added every 

other day until the bag is full. Then, one third to half of its volume can be harvested on a 

daily basis, provided the volume of algae is replaced every day. In this way, about 3 

million rotifers can be harvested h m  a rotifer bag every day. Rotifer bag cultures are 

maintained at room temperature. Rotifers are harvested by siphoning them into a 40pm 

sieve which is placed in a wide flat pan so hat  the fabric of the sieve is below the water 

line. This allows rotifers to be harvested h m  the bag without rirying out on the sieve. 

Once the bag has been harvested, the rotifers must be frah-water rinsed to remove any 

contaminating ciliates. A fieshwater rime is done by placing the sieve in a pan and 

running fresh water either into the pan or gently into the sieve. The rotifers should be 



completely submerged in 23OC h s h  water for at least five minutes. Fresh water rinsing 

for too long can destroy the rotifers, so they should not be submerged in Eresh water for 

longer than 1 O minutes. Once they are rînsed, the rotifers are flushed with salt water into 

a small container for counting. 

3. Rotifer Res-- 

Resting eggs are the dormant fom of rotifers. They are kept on hand in a fish hatchery 

in case a problem arises with the main rotifet culture. Rotifers are induced to form 

resting eggs when their growth environment has a low salinity (Hagiwawara et al. 1993). 

To produce resting eggs, a tank is prepared with a mixture of &ah  and salt water to 

produce a final salinity of 1 Sppt The rotifen are lightl y fed over several days with algae, 

but the salinity should be maintaineci at 1 Sppt. An equal volume of fksh water thus 

should be added for each volume of algae added. Afkr 5 days, detrital matter is removed 

from the tank and is washed in fksh water. This deaital matter will be rich in resting 

eggs. Under a dissecting microscope (SûûX), they appear as dense particles about 4 0 p  

in diarneter surrounded by a clear envelope giving a total diameter of about 60p. 

Resting eggs can be stored and are viable for up to 3 years if kept cool and in the dark. 

4. Batch Culture 

Batch culture is a procedure designed to produce a large number of rotifers easily and 

cleanl y on a daily basis. It is designed for the production of rotifm on a hatchery scale, 

where daily husbandry of large ta& is not practical. To reduce the amount of husbandry 



needed, batch cultures are nwer dowed to get very old, so build-up of detrital matter is 

minimal. Batch culture tequires at least 7 tanks, one for each day of a seven-day cycle. 

Two more tanks are also usefiil as back-ups. Batch tanks are usually inoculateci with a 

large quantity of rotifas: usually half the number that is rsquired for f&g to fish evay 

day. Up to 50 million rotifers can be inoculated into a 40eliter tank. A constant drip of a 

yeast solution is pumped into each tank, which receives 10 grams of yeast per 100 liters 

of growth media per &y. Each tank also receives 10 percent of its volume per day of 

high-density (at least 2 million cells/ml) microalgae. Mer rotifers have been fed in this 

way for 7 days, they are harvested. To harvest, the contents of the tank are drained into a 

collection sieve ( 4 0 p  mesh size). A collection sieve is specifically designed to gently 

concentrate a large number of rotifers or Ariemia. The sieve fabnc is atîached to a long 

V-shaped h e  which is placed inside a large container. The interior of the V-shaped 

sieve drains through a short pipe directly to the outside of the container in which it is 

placed. The contents of a tank containing mplankton is drained into the outside 

container. Growth medium passes into the v-shaped sieve and is drained to the outside of 

the container, leaving concentrated zooplankton outside the sieve and inside the 

container. (See figure 2) 



Figure 2: a collection sieve. Water h m  
a tank is drained into the collection area- 
The water then passes through the mesh 
screen and out the drain, leaving the 
moplanhon concentrateci in the 
çoilection area 

The rotifers are rinsed in salt water in the collection sieve until the effluent runs clear. 

They are then rinsed with fiesh water for five minutes. One half of the harvested rotifers 

are then used to inoculate a new tank. The other half is prepared for feeding to larval 

fish. Hanest timing of the batch culture tanks is ananged so that one tank is ready every 

day. The batch culture systern takes about two weeks to reach full production capacity, 

and so should be started before Iive feed is needed. 

5. Rotifer E n r i c w  

Rotifers have to be e ~ c h e d  before they can be fed to larval fish. Fatîy acid analysa 

have shown that unenriched rotifm lack adequate essential fatty acids to be nutritionally 

suitable for feeding to larval marine fish (Tocher, et al, 1997). Rotifer enrichment is 

usually carried out in tanks similar to batch culture tanks. Th- are several 



commercially available prducts designed to enrich their essentiai fatty acid content prior 

to feeding to lamal fish. Each enrichment product w o k  best under specific conditions, 

and different procedures may have to be used for different enrichrnents. in general, an 

enrichment product is an emulsified oiI thai is added to the rotifer growth medium. The 

rotifers remain in the enrichment for a period of tirne determined by the enrichment 

product. Once rotifers have been enriched, they must be handled with extra care. Rough 

handhg, such as vigorous spraying or stimng causes enriched rotifers to f o m  clumps 

which cannot be fed to fish. Clumps form because of the hi& oil content of the 

enrichment, in conjunction with vigorous handling, causing rotifers to stick together. To 

harvest enriched rotifers, they are drainai into a collection sieve with a prefilter with a 

2 5 0 - p  mesh size. The prefilter is used to catch any clumps of rotifers and prevent them 

fiom getting into the larval rearing tanks. Once the enrichment tank is drained, the 

rotifers are rinsed wiîh salt water in the collection sieve until the effluent runs clear. 

They are then poured into a suitable container, counted, and fed to the larval fish. 



Tisbe culture techniaues 

Several generations of the harpactacoid copepod TIsbe sp. were cultureci at the Pacific 

Biological Station as part of the sablefish project Techniques have been developed which 

ensure a ciean, reliable supply of oopepods of a sUe class suitable for feeding to larval 

fish. in this study, copepods have been f d  numerous algal diets, and the effect of these 

diets on their fatty acid pronle have been determined. =be has substantially higher 

amounts of the essential fatty acids DHA and EPA than rotifers fed the same diets. fisbe 

is therefore more competent to provide lamal M s h  their nutritional requirement of 

essential fatty acids. Although Ebe has a higher nutritional quality, it is difficult to 

produce in adequate numbers due to its long life cycle. Current research on copepods is 

therefore focused on the use of mbe as a supplement for other larval feeds, and on 

increasing yield through intensive prduction systems. 

A major portion of the copepod study was focused on the dwelopment of methods for 

cultivating Tisbe in large quantities. ûver the four years Tkbe bas been cultivated at the 

Paci fic Biological Station, methods have been developed which result in high-density 

production of copepods, and in a clean and simple procedure. 

The protocols to culture Tisbe in captivîty are designed to maintain a clean, dense 

population and to allow easy removal of specific size classes for feeding to larval fish. 

Stringent adherence to the protocols for Tisbe care can in some instances result in a 

smaller population than may otherwise be possible, but these protocols are needed to 



maintain the culture over several generations. Careful waluation of the health, 

population, and developmental stage of Tisbe is mtical to successfully culturing a large 

population of copepods over several generatïons. 

The Tisbe life cycle starts when nauplii hatch fiom the egg sac of a gravid addt copepod. 

At this stage, they have a rounded shape, and are about 80 pm in diameter. These nauplii 

grow via a series of mol& to the copepodite stage. Tisbe copepodites range in size fkom 

about 150 to 350~un, and 60pm to 1 4 0 p  in diameter. This size class is typicaliy fed to 

larval fish. Adult Tkbe are over 350 pm in length. Male Tisbe can reach 1 mm in length 

and 4 0 0 p  diameter, and gravid fernales can reach 1.3 mm and 5 5 0 ~  in diameter. 

Figure 3: Tisbe nauplii hatching h m  the yoUr sac of a p v i d  aduit 

Figure 4: Free swimming Tisbe nauplii, about 120pm long 



Figure 5: Tisbe wpepodite. About 5 0 0 p  long, 200 p in diameter 

Figure 6: Adult Tisbe. Fernale (iower) and male (top) are about 1 mm long. 

Tisbe cultivation is typically carried out in 150-liter fiberglass tanks. Other sizes of tanks 

cm be used, but it is important to maintain a high surface area to volume ratio for large 

copepods. Large tanks, around 300 liters, are not suitable for Tisbe culture unless extra 

substrate is added. This extra substrate can be gravel, or other hi&-surface area objects 

such as plastic honeycomb mesh. 

The 150-liter fiberglass tanks have a central removable standpipe, and a centrai drain 

connected to a flexible hose about 75 cm. long. This hose is usually directed down the 

main drain in the culture room, but c m  be moved to other containers when necessary. 



To prepare a tank for Tkbe culture, it is cleaned and bleached. Before a tank is used for 

the h t  time, it should be filled with fiesh water and bleached with 100 ml of 12% bleach 

overnight. This procedure should be repeated &er every Tisbe culture, or wheawer the 

tank appears particularly dirty. 

Before inoculation with Tisbe, roughly 20 liters of algal culture are added to the tank. 

The temperature of the water in the tank cm then be adjusted by adding salt water. Tisbe 

of al1 size classes are kiiied if the temperature rises above 20°C. 17OC appears ta be the 

ideal temperature for inoculation. 

Tisbe culture usually begins with nauplii. Nauplii are easily separated h m  a batch of 

Tisbe of mixed sizes by placing a 1 2 0 - p  sieve inside a 40-)un sieve, and pouring the 

copepods into the 120-pn sieve. Copepodites and adult copepods will be retaineed in the 

1 2 0 - w  sieve, and nauplii will be caught in the 40-pm sieve. The copepods can then be 

washed fiom the sieves with salt water into separate containers for evaluation and 

counting. After the nauplii have been counted, 5 X 10' are inoculated into a prepared 

tank. The Tisbe from the 120-pm sieve are reninied to the tank they came fiom, or are 

fed to larval fish. 

A copepod broodstock tank is similar to a nauplii tank, the major difference being 

temperature control. Adult Tisbe appear to be more sensitive to higher temperatures than 

nauplii. Broodstock tanks should be kept at about 14OC. This can be achieved by 



flowing cold water through a coi1 of hose placed around the standpipe in the middle of 

the tank. 

Because Tisbe culture tanks are static, air must be pmvided Ma an air-stone. The amount 

of air is not aïtical, but should be sufficient to keep the algae in suspension, without 

causing a boiling action on  the surface. 

If animals in the culture tank are well fed and maintained between 15 and 20°C for 8 

days, most of the nauplii will have developed to the copepodite stage by the end of this 

time period. On day eight, the contents of the tank should be siphoned out through a 120- 

pn sieve. This is an effective way of removing ciliates and other contaminating species 

fiom the Tisbe culture. Anything that passes through the 120- pm sieve can usually be 

discarded. However, it is a good idea to check if a large population of nauplii remains in 

the culture after eight days. The presence of nauplii aller eight days can be indicative of 

low temperature, an infestation of ciliates, poor food quality or quantity, or poor water 

quality. 

Once the copepodites are collected in the 12û-pm sieve, they are washed into a container 

and counted. In a healthy culture, there should be very little loss of copepods as they 

develop fiom nauplii to copepodites. The copepodites can then be fed to larval fish, or 

inoculated into a fiesh tank. If copepodites are kept in a tank and fed to larval fish over 

several days, the size of the copepodites must be carefbiiy monitored to ensure that they 

rernain an appropriate size for larval feed. 



After about two days, dark delritai matter may begin to appear on the bottom of the 

copepodite tank. If this detritai matter is left in the tank, hydrogen sulphide producing 

bacteria will begin to grow, which appears to reduce Tisbe growth. Detrital matter should 

be rernoved daily by siphoning it through a 12Cbpm sieve. The copepods in the sieve can 

then be nnsed thoroughly with salt water and returned to the copepodite tank. 

Copepodites can also be harvested fiom a tank by placing the main drain hose of the tank 

into a 120-pm sieve, and pulîing the standpipe. The advantage is that it is much faster 

than siphoning. However, adult Tisbe cannot survive the high flow rate that occurs when 

the standpipe is pulled fhm a full tank. To drain a tank which contains adult Tisbe, it 

should be siphoned until just a few liters are left in the tank. The drain hose can then be 

placed in a sieve and the standpipe pulled. The remaining copepods are then washed with 

salt water fiom the bottom of the tank into the drain hose. 

When copepodites have been in a tank for about six days, adult Tisbe will be visible in 

the tank. Adults typically cluster on the sides of the tank near the surface of the water, 

and will be especially dense on the walls of the tank close to the air-stone. Adult Tisbe 

develop at different rates, so once they begin to appear in the tank there may be a period 

of about four days when both copepodites and adults are present in the tank. This must 

be taken into consideration if copepodîtes are being fed to larval fish. To separate 

copepodites fiom adults, they can be siphoned through a 2 5 0 - p  sieve and caught in a 



1 2 0 - p  sieve. Adults in the 250-pm sieve can be retumed to the taak, and the 

copepodites can be fed to the l a n d  fish. 

Three days afier aduit Tisbe are visible, naupiii will begin to hatch. At this point, care 

must be taken to avoid losing nauplii when detrita1 matter is siphoned h m  the tank. 

When there are adult Tisbe in the tank, detrital mater shouid be siphoned into a 40,- 

sieve, washed, and animais retumed to the tank. 

The contents of the detrital matter should be monitored daiîy during this stage. Between 

16 and 18 days a k  the original tank was inoculated with nauplii, large nwnbers of 

nauplii will be present in the detrital matter of the broodstock tank. Once the nauplii 

population appears to reach a maximum, al1 of the water in the broodstock tank should be 

siphoned through a 4@pm sieve, then washed into a srnall container. The Tisbe from the 

broodstock tank c m  then be sequentiaily sieved thmugh 250, 120 and 40 pm sieves. The 

nauplii will be present in the 40-pn sieve, and can be immediately used to inoculate a 

nauplii tank. Copepodites in the 1 20-p sieve are added to another çopepodite tank. 

Similarly, any adults present in the 250-pm sieve can be added to another adult Tisbe 

tank. 

Tisbe are able to survive and grow to a high density on various microalgal diets. 

Thaiassiosira pseudonana, Isoch~sis galbana, Chaetoceros gracilr's, and Tetraselmis 

gracile al1 appear to be appropriate. Mixed diets, especially Tetraselmis and Isochrysis, 

yield the highest Tisbe densities. To ensure maximum growth of the Tisbe, they should 



be fed to satiation. Algal density should be maintained in the copepd tanks at around 4 

x 1 o4 cells/rnl. However, feodiag more algae than c m  be consumed by the copepods 

does not appear to have any detrimental effect on copepods. While a quantitative 

experirnent has not been conducted on how diet or feeding protocol affects growth rate, 

the cuituring procedure described above is based on observations of Tisbe behavior and 

through trial and error. In general, it appears that algal diet has little effect on growth 

rate, with the exception of Prrvlova lu the^, which when fed to Tisbe, results in poor 

growth. The temperature of  algal cultures should always be matched to that of the 

copepod culture. 

Tisbe can also be fed commercially available diets. Combining Nannochloropsis oculata 

paste and Culture Selw in a 10: 1 ratio sustains growth similar to aigal diets. Extra 

measures must be taken when feeding a combined Nannochloropsispaste and Culture 

Selco diet to keep the Tisbe culture clean. This diet can cause rapid fouling of the water, 

and rapid build-up of detrital matter. Feeding this diet at too high a density can cause the 

Tisbe culture to becorne anoxic. Detntal matter fiom Tisbe fed this diet is more pale than 

detrital matter from algal diets, and may be difficult to see at the bottom of the tank. 

Tisbe culture does not require special lighting conditions, and they grow rapidly in 

natural daylight conditions. To maximize growth, constant fluorescent lighting can be 

used. This lighting helps maintain the algae in the copepod tanks, thus making available 

more food for the copepods. 



If the above procedures are followed, Th& can mich a density of 7 ùidividuals/ml, 

which is at les t  one order of magnitude l e s  tban the density to which rotifkm can be 

grown. Further research is therefore needed to increase the density to which Tisbe can be 

cultured. 

If there is no need to grow a large population of Tisbe to feed larval fish, a smaller, 

slower-growing culture can be used instead. About 100  adult Tisbe are removed fiom the 

side of a broodstock tank with a pipette, placed in a 4 iiter beaker with an air-stone and 

fed about 500 ml of dgae at about 1 million cells/ml per week. A smd population of 

Tisbe can be maintained in this way for up to a month. Keeping this smali culture at 

12°C effectively reduces the growth of contaminating organisms. 



Artemia Culture tecspigues 

Figure 7 : The brine shrimp Artemia fianciscana, about 1 3 û û p  in length, and about 
8 0 0 p  at the widest point. 

Protocols for preparing Artemia to be fed to l a n d  fish have been developed in the 

sablefish and halibut hatchery over three years. The procedure involves tank and 

container preparation, cyst decapsdation, Artemia nauplii hatch-out, nauplii enrichment, 

and final cIean up before feeding to larval fish. 

1. Eaui~ment needed for Artcmia ~roduc- 

Artemia are very tolerant to various growth conditions and environments, but using the 

correct equipment can greatl y ùicrease the yield and nutritional quality of the nauplii. 

Hatch-out and enrichment can be carried out in the same container. A wnical bottom 

tank with an air source at the bottom is moa suitable. This design of the tank allows for 

easy removal of the Artemia. Sloped walls allow for easy collection of unhatched cysts, 

resulting in cleaner nauplii. The hatch-out and enrichment tanks are held in a h e  with 



the bottom of the tanks about half a meter above the ground. Suspended above the hatch- 

out and enrichment tanks is a bank of fluorescent lights. Artemia naupiji are 

continuously iiluminated durhg the hatch-out and enrichment stages. When cysts are 

being hatched, or when nauplii are being enriched, the water in the tanks must be kept at 

a temperature of about 28OC. An aquarium heater is used to maintain the temperature in 

the tank. Up to 80 million Arremia can be prepared in a 140-liter conical tank. 

In order to increase the hatching efficiency of some b m d s  of At-temia, the cysts need to 

be decapsulated prior to hatch. Sorne commercially available cysts are predecapsulated, 

so this step is not always necessary. However, most commercially available cysts do 

require decapsdation. One advantage of decapsdation, dong with increasing hatch 

yield, is to sterilize the cysts. During the course of this study, two species of Artemia 

were used: Russian Artemia (INVE Aquaculture) and Artemiajï=anciscana (Argent). The 

Russian Artemia cysts were pre-decapsulated and could be added directly to the hatch-out 

tanks. Artemia franciscana had to be decapsulated. The following procedure was used. 

First, a required number of cysts are weighed (60 - 70 grams) and poured into a 41. glass 

beaker. They amount of c m  used was detennined by assuming there are 330,000 cysts 

per gram, in accordance with the instructions provided with the Artemia cysts, for both 

iNVE and Argent products. The cysts are then hydrated by filling the beaker with tap 

water, and air passed through an air-stone is added to agitate the cysts. AAer 2 hours, 



hydrated cysts are poured onto a 200-pm sieve, and transfiied to a clean glas  container 

where decapsulation wiil take place. 331-111 of 400/o NaOH and 4.5 ml of 12% bleach is 

needed for each gram of cysts. In a third container, a volume of 9°C salt water (9ml of 

salt water is used for each gram of Artemia cysts) is prepared. 

The foregoing solutions are combined in the beaker containhg the cysts. Air passed 

through an air-stone is added to agitate the cysts during decapsulation. Rigorous aeration 

and occasional stirring is used throughout the decapsulation process. A f k  about four 

minutes, individual cysts change h m  their normal brown to a pale yellow colour. As 

decapsulation continues, the cysts become more pale as the mixture of solvents becames 

brown. It is necessary to examine individual cysts rather than the mixture as a whole to 

determine when decapsulation is cornpleu. When most of the cysts are pale yellow, 

decapsulation is halted by pouring the contents of the decapsulation beaker through a 

sieve (200-pn) and flushing the cysts with copious amounts of cold tap water. Sodium 

thiosulphate can also be used to neutralize the bleach, but if enough water is used, this is 

not normally necessary. AAer rinsing, the cysts are transfmed into a small container in 

preparation for hatch-out. 

3. Arîemia batch 

To hatch Artemia cysts, a conical tank is filled with warm (25-30°C) salt water, and a 

heater is added. The tank is allowed to reach a temperature of about 28°C. Air is 

bubbled into the tank h m  the bottom. SuffiCient air is required to produce a boiling 



action on the surface. Decapsulated cysts are then added to the container. Initially, the 

cysts rnay clump up or stick to the sides of the container, but this is ciif no conceni, as the 

clumps will usually break apart after about 20 minutes. Clumps of Artemiu cysts can be 

broken by vigorously stirring the water in the hatch-out tank. 

Nmost al1 of the cysts will hatch 18-24 hours d e r  the cysts have been added to the tank. 

To evaluate hatch success, a mail volume is rernoved h m  the hatch-out tank with a 

pipette. By counting the number of cysts and nauplii in the pipette, a good idea of the 

hatch-out success can be determineci. When the newly hatched nauplii are ready to be 

harvested, the air source to the tank is tumed off, and *hl y hatched nauplii allowed to 

settle for about 20 minutes. This allows most of the unhatched cysts and shelis to float to 

the surface. Afier about 20 minutes, moa of the cysts will have separated h m  the 

nauplii, and the naupiii are then tramferrd h m  the tank to a sieve (200-p) through the 

air inlet hose. The hatch-out tank is allowed to drain into the sieve until cysts are visible 

in the drain hose. Nauplii are then rinsed in khwa te r  for about two minutes, and 

transferred to a mal1 container with salt water. Naupiii are then fiuther separated fiom 

any residual cysts by pouring them into a large separatory -el. Nauplii are allowed to 

settle, and cysts allowed to float to the surface in the bel for about two minutes. 

Nauplii are then drained h m  the separator funne1 into a srna11 container, and were ready 

for enrichment. 



Several cornmercially available enrichment media are available for Artemia, and they are 

al1 used in a similar way. Similar to rotifer enrichment products, these enrichments 

contain high levels of essential fatty acids and are used by emulsiQing them and adding 

them to water contahing Arîemia nauplü. The Ariemia becorne enricheci as they grow 

fiom instar 1 to Instar 2 nauplii in the enrichment media (Lavens and Sorgeloos, 1996). 

The enrichment tank is prepared in the same way as the hatch-out tank. Freshly hatched 

Anetnia nauplii are added to 28OC sal t  water which is agitated vigorously by means of 

airflow fiom the bottom of the enrichment tank. Enrichment is continueci according to 

the instructions provideci by the manufacturers of the e ~ ~ h m m t  product. Individual 

enrichment products have specific requirements for concentration and duration of the 

enrichment. 

After the enrichment is complete, the air to the enrichment tank is tumed off, and the 

Arternia are allowed to settle. They are then drained into a 200-pm collector sieve and 

gently rinsed with warm salt water until no enrichment media can be seen in the collector 

sieve outflow. Naupiii are then poured h m  the collector sieve into a smaller sieve, and 

rinsed with cold sait water into a small container. The enriched nauplii are then ready to 

be fed to larval fish. 



Materials and Methods Pa- Fat& Acid 

1.Fattv acid ~ r e ~ a r a a n  for us chr- 

With the exception of one study on the feeding cycle of rotifers, ail the fatty acid data 

presented in this thesis are h m  experiments that were performed in triplkate. Duplkates 

only were available for the rotifer feeding cycle experiment. Resuits are presented as the 

average of the three (or two, in the case of the rotifer fceding cycle experiment) data 

points, * 1 standard deviation. 

Statistical analysis was used to determine significant differences between groups in 

individual experiments, and to compare r e s d ~  between experiments. For al1 statistical 

comparisons, Sigmastat 2 . 0 ~  (landel Scientific) software was used to perform one-way 

ANOVA followed by a Tukey test. When data were deteamine. to be of unequal 

variance or not normally distributed, a one-way ANOVA on ranks was performed 

followed by a Student-Newman-Keuls test. Significant differences in results were 

detennined with a p value of 0.05. 

Al1 three species of zwplankton were sampled for fatty acid analysis in the same way. A 

sample of zooplankton was p o d  through a 45-pn sieve to concentrate the zooplankton 

on the sieve fabric. The sieve was then blotted dry with papa towel, and soaked in cold 

3.2% ammonium formate. The sieve was then blotted dry once again. The zooplankton 



were transferred to a centrifuge tube by flushing the sieve with ammonium formate. The 

tubes were centrifùged, the ammonium formate was poured off, and the samples h z e n  at 

-80°C. The fiozen samples were then fieeze-dned for at least 18 hours before they were 

processed for chromatographie analysis. 

The fatty acids in the fieeze-dried samples were mnverted to fatty acid methyl esters 

before they could be injectecl into a gas chromatograph column. Reacti-Vials containing 

a known amount of heneicosanoic acid (C:2 1) as an interna1 standard were used to 

prepare the methyl esters. C:2 1 is a saturated fatty acid containhg 2 1 carbon atoms, and 

is not normally found in marine lïpids (Whyte et al., 1987). Dichioromethane containhg 

a hown concentration of dissalved C:2 1 was added to each reaction vial. The 

dichIoromethane was then evaporated, and the vials sealed and stored in a refngerator 

until required. Each fieeze-dried sample (20-50 miiligrams) was weighed into the 5 ml 

Reacti-Via1 (Pierce Chemical Co.) containing a Reacti-via1 magnetic stirrer and capped 

with a Ioose fitting Mininert valve (Pierce Cbernical Co.) and evacuated in a vacuum 

oven at 2S°C. The oven was vented with nitrogen and the viai sealed tightly with the 

valve. Methanolic potassium hydroxide ( 1 ml, 0.5 M. purged with nitrogen) was added 

through the valve septum using a 2nd. Lua-Lok glas syringe and the contents stirreà 

with a vortex mixer. Subsequent additions and withdrawals h m  the vials were made 

using syringes. The mixture was stirred at 8S°C for 30 minutes in a Reacti-Thenn module 

(Pierce Chemical Co.) and when cooled, hexane ( h l )  was added and stvred. The hexane 

con taining unsaponi fied material was withdrawn and discarded. 



Esteri fication reagent, boron ai fluoride-methanol(2ml, 1 2% h m  sealed ampoules) was 

added and the mixture SM at 85OC for 15 min. When the mixture was tepid, hexane 

(1 ml) and saturated aqueous sodium chloride (OSml) were added and stirred. The lower 

aqueous layer was withdrawn, the resuitant organic layer was washed once with saturate- 

aqueous sodium bicarbonate and the washings were discardecl. The sample vials were 

then unsealed and the hexane containhg fatty acid methyl esters was removed to a lm1 

chromatography vial and evaporated in a vacuum oven. Afier evaporation, the oily 

residue left in the chromatography viais was dissolve- in 0.1 ml hexane, and transfened 

to a preweighed O. 1 mi chromatography vial. The hexane was then evaporated in a 

vacuum oven, and the chromatography vials were sealed under nitrogen. The vials were 

then weighed, and the weight of fatty acid methyl ester in each via1 was determuied. 

Finally, the fatty acid methyl esters were dissolved by the addition of 100pl ethyl acetate 

for each milligram of fatty acid methyl esters present. 

The analyte ( 1  - 2 pl) was injected into a Hewlett-Packard 5890 gas-liquid 

chromatograph, fitted with a capillary inlet system, a flame ionization detector and 

connected to a HP 3393A Integrator, was used for analysis. The fatty acid rnethyl esters 

were separated on a Supelcowax 10 fused silica capillary column (30x11 X 0.32mm ID, 

0.25 pm film) operaîing at 1 80°C for 35 minutes then programmeci to 240°C at 2OCImin 

and held at 240°C for 16 min. Helium c-er gas was purified through a high capacity 

heated gas purifier (Supela, inc.) and controlled at a linear velocity of 1 0 cm/s with a 

split ratio of 5: 1. This method of fatîy acid methyl ester preparation ailows quantification 



by wei&t of individual fatty acids (Whyte, 1998; myte and Nagata, 1990; Nagata and 

Whyte, 1 992). 

Individual fatty acids were then identified according to their retention times and 

quivalent chah lengths. Al1 peaks that constituted les than 0.2% of aII fatîy acid methyl 

esters and al1 peaks for components that ernerged before myristic acid (14:O) and after 

nervonic acid (24: hg), and the peak corresponding to the internai standard were 

removed fiom the chromatogram. The total area of ail the peaks in the chmmatogram was 

used to detennine the amount of each fatty acid as a proportion of al1 faîty acids. Finally, 

the ratio of the known amount of the internal standard to the a m  of the peak of the 

internal standard was used to detemine the amount of each fatty acid as a proportion of 

dry weight. Because of the large number of calculations for each chromatogram, and the 

large number of fatty acid analyses in this study, a program was written in Visual Basic 

to identiw al1 the fatty acids in a chromatogram, pedorm the necessary calculations, and 

report the information in a standard format. This allowed easy cornparison with other 

fatty acid samples. After the calculations for a chromatogram have k e n  done, there are 

two pieces of information available for each identified fatty acid. First is the area 

percent, which is the area under a peak for a fatty acid as a percentage of the totd area of 

al1 the peaks on the chromatogram. Second is the dry weight amount of each fatty acid as 

a proportion of total dry weight It is expresseci as milligrams fatty acid per gram of 

sarnple. 



2. Fattv Acid Anaiysis of Alpae 

Several species of algae that were used in my thesis were analyzed for fatty acid content. 

A11 samples of algae were taken h m  cultures which were growing in the exponential 

phase and appeared to be free of contarninating organisms upon microswpic 

examination. Though the sampIes were not al1 taken at the same tirne, al1 the aigae were 

grown in the same laboratory with the same lighting and temperature conditions. Three 

samples of each species of algae were taken for fatty acid analysis. Each sarnple was 

filtered onto preweighed fïberglass £%ers with a pore size of 0.2 p. The filter papers 

were then washed with 3.2% ammonium formate, and fkeze-dried in preparation for 

fatty acid analysis. 

3. Rotifer Fattv Acid Aaalvsis 

Experiments were carried out on rotifers to determine the effect of different algal diets, 

growth conditions, and enrichments on the essential fatty acid content of rotifers. 

3a. Essential Fattv Acid Reten-ched Rotifers . . 

This experiment was designed to emulate the conditions of a l a n d  fish-rearing tank. in 

such a tank, rotifers are added to the water and the larme consume thern. After 12 hours 



in the tank, most of the rotifers will have been flushed out or eaten by the larvae. The 

concern that this experiment was designed to address was how long enricheci rotifers 

shouid be allowed to remain in a larval re-g tank before they are no longer 

nutritionally advantagrnus for the fish larvae to consume, and must therefore be flushed 

out of the tank. Rotifers were enriched according to the manufacturers' instructions, 

except for the Algamac 3010 Flake (Aquaf'auna Biomarine) enrichment, in which 116 of 

the recommended amount was used, and for oniy 2/3 of the recomended e ~ c h m e n t  

tirne. Rotifers were enriched with Algamac 30 10 Flake at a concentration of 1 gram/liter, 

for 4 hours. For the Super Selco enrichment, 0. I gram of enrichment matenal was used 

for each liter of enrichment media divided into two doses: one at the start of enrichment, 

and the second 3 hows later. The rotifers were harvested after 6 hours of enrichment- Ail 

the enrichments were camed out at 26OC. The enriched rotifers were rinsed, c o u n t 4  and 

divided equally into nine 4-liter beakers; 3 replicates were used for each of three 

treatments. Each beaker was started with 1 miilion rotifers, which is a much higher 

density than would be found in a larval rearing tank. However, for the purposes of fatty 

acid analysis, a lower density would not have been practicai. At the end of the enrichment 

process, the entire contents of the enrichment beakers were used for fatty acid analysis. 

3b. Suwr Selco and D m  Selco 

The next rotifer experiment was designed to determine the effbct of enrichhg rotifers 

with Super Selco and DHA Selw (INVE Aquaculture) over a standard 6-hour period at 

different temperatures. The procedure for emiching rotifers with DHA Selco and Super 



Selco is identical to the protocol describeci for experiment 3a For both the enrichments 

and at al1 the temperatures tested except for 1 1.8OC in the Super Selco experiment, 

rotifers were separated into two size kt ions  after the enrichment but prior to sampling. 

To do this, rotifen were passed through a 120-pm sieve and concentrated in a 45-pm 

sieve, resulting in a 120t p fiaction and a 4 5 - 1 9 9 ~  fkaction. These sizes do not 

actuaily represent the size of the rotifers, since the sieve sizes are measured on the edges 

of individual squares in the screen fabric, and a rotifa larger than 120 pm in length could 

pass through a 120 pn sieve. Al1 screens used in this study were made of a square mesh, 

meaning the diagonal distance for individual squares in the mesh can be use to give an 

indication of the width of a p h c l e  that c m  pass through i t  The squares in the 120 p 

screen have a diagonal distance of 170 pm, and the squares in the 45 pm screen have a 

diagonal distance 64 m. The size fractions, 120t and 45- 1 19, thus indicate the mesh size 

of the sieves used, not the size of the rotifers. Sieves of these two mesh sizes were 

chosen because they effectively separate fecund rotifers fiom non-fecund rotifers. This 

was done to determine how essential fatty acid enrichments affect different size classes of 

rotifers. Specifically, the 120 pn fraction contained mostly fecund rotifers, and the 45 to 

1 99 p &action containecl al1 the others. The k t  part of this experiment dealt with 

rotifers enriched with Super Selco. A parallel experiment was conducted to determine the 

effects of different temperatures on the effectiveness of a DHA Selw enrichment. 



342. Fatty Acid Co- of m e n  D m  8 24-hopr Fe- 

An experiment was canied out to determine how the essentiai fatty acid profile of rotifers 

is affected by a daily feeding routine of 3H and yeast. Rotifers were sampled h m  bag 

cultures at 24 hours pst feeding, and immediately fed to satiation with a mixture of 3H 

and yeast. They were then sampled for fatty acid anaiysis at 3,6,12, 18 and 24 hours. 

The rotifers us& for this experiment were growing in a continuous bag culture. 

Approximately 300,000 rotifers were removed h m  the bags for each sampIe. It should 

be noted that the results of this experiment are h m  dupliates of al1 the samples, rather 

than triplkates that have been used in al1 other data presented in this study. 

Rotifers 

The next experiment on rotifers was designed to examine the effects of several different 

brands of rotifer enrichment products, as well as some effects of rotifer dgal diet prior to 

enrichment. The standard dgal diet for the rotifers prior to enrichment was a 

combination of 3H and yeast. For two of the enrichment experïments a combination of T. 

gracile, P.lutheri, and 3H supplemented with yeast was fed to the rotifers in equai 

proportions prior to enrichment. E~chments were carried out according to the 

enrichment manufacturer's recommendations. Algamac 2000 enrichments were done with 



0.1 grams of Algamac for each liter of enrichment media, in a manner simila. to the 

procedure describeci earlier for Algamac 3010 Flake. Ratio HUFA Enrich and Protein 

HUFA Enrich (LNVE Aquaculture) were used in the same way. 0.1 grams of enrichment 

product was used for each Mer of enrichment media. Ratio HUFA Enrich and Protein 

HUFA Enrich were weighed and then emulsified in one liter of salt water. Half the 

solution was used at the start of the enrichment, and the other half was used 3 hours later. 

Rotifers here hawested at 6 hours. Al1 enrichments for this experiment tmk place at 26OC 

3e. Effect of Alnal Diets on the Essential Fattv Acid Profiles of Rotifers 

An experirnent was carried out to determine how different algal diets affect the fatty acid 

profiles of rotifers. Rotifers were fed to satiation with different spMes of algae for a 

four-day period, and then sampled for fatty acids. During the experirnent, the rotifers 

were maintained at a constant temperature of U 0 C .  

4. Tisbe Faîîy Acid Analvsis 

This experiment was designed to detemine how the Tisbe fatty acid profile is affecteci by 

algal diet. For each of 5 feeding trials, 1 million Tisbe nauplii were rernoved fiom a 

culture tank, washed, and separateci between 54 and 120 pn screens. Pnor to the feeding 

trials, animals in the culture tank had been fed a standard dia of T-Iso. The nauplü w a e  

then divided equally into 3 30L containers each containing IO liters of filtered seawater. 



The algal density of the water was determined for each of the containers. They were then 

given 3 liters of algae of a known density, and the aigai density of the culture containers 

was determined again. Animals in the experimenl containers were r^ed in this way 

every day for 7 days. Temperature was maintained at 18OC. Tkbe copepodites were 

sampled for fatty acid anaiysis on day 8. 

4b. Fattv acid Profiler of T ,  

nie second experiment on copepods was designed to determine how culture protocol 

affects Tisbe fatty acid content. The first experiment determined how algal diet affectai 

copepod essential fatty acid content. However, that experiment was done on a small 

scale, and so it was necessary to detennine if there is a ciifference in the nutritional 

quality of Tisbe produced by a large-scale hatchery protocol cornparrd to a smaller 

laboratory scale. TLFbe were raised in 140 liter tanks acmrding to several feeding and 

culture protocols. Al1 the feeding protocols were tested on cultures started with 16,000 

nauplii, graded between 54 and 1 20pm sieves. Unless otherwise indicated, al1 the 

cultures were maintained between 17 and 19OC. Each protocol was camied out in 

tri plicate. The following feeding regimes were examined: 

1 ) Standard feed of T-Iso for 14 days. 

2) Standard feed of T-Iso for 7 days 

3) T-Iso feed for 7 days, then removed fiom the culture media, washed, placed in 2 liters 

of filtered salt water, and stored at 4°C for 7 days. 

4) Tetraselmis gracile for 14 days. 



5 )  Pavlova lutheri for 14 days 

6) Culture Selco for 14 days 

7) T-Iso and constant temperature of 1 Z°C 

8) Nannochloropsis oculata paste for 14 days 

9) Nannochloropsis oculata paste and culture Selco (10: 1 mixture) for 14 days. 

10) T-Iso fed for 14 days, thai graded between 120 and 2 0 0 p  siwes prior to sampling. 

The paste used in this experiment was provided by hovative Aquaculture (Lasqueai 

Island, BC) and contained concentrated Nannochloropsis oculara and a preservative. 

S. Artemia Fatty Acid Andvsis 

Sa. Arfemia essenu fattv acid ret- 

This experiment determined how essential fatty acid levels change in enrïched and 

unenriched Arternia over a 12-hour period in cold salt water. The experiment was 

designed to emulate conditions of a larval fish-rearing tank. The goal was to determine 

how long Artemia can remain in the l a r d  rearing tank before they are no longer 

sufficiently nutritious for larval fish. Artemia (Russian strain) were hatched fiom cysts in 

the previously described manner, using 14Gliter conical tanks. 9 million Artemia were 

prepared in a total volume of 3 liters. Three 30-liter containers were filled with 25 liters 

of saltwater and placed in a 28OC water bath. Air Stones were added to circulate the 

water, and the tanks were allowed to reach 28 OC. 3 million Artemia were then added to 



each container. The containers received the foilowing treatments: 1) No enrichment, 2) 

Algamac 30 10 Flake, 3) Aquagrow. The enrichments lasted for 18 hours, at which point 

each group of animals was rinsed through a 200 pn sieve, flushed into a beaker and 

made up to 3 Lita. One quarter of the volume of each treatment group was irnrnediately 

sampled for faîty acid analysis. The remaining Arfemia were made up to a total volume of 

3 liters. 

Nine beakers were each filled with 2 liters of salt water and allowed to acclimatize in a 

9°C water bath. This temperature was used because it is the same temperature at which 

sablefish larval rearing tanks were rnaintained. One million enriched Artemia were added 

to each beaker. The Artemia were then sampled for fatty acid analysis at 4,8 and 12 

hours post enrichment. 

Sb. DC DEIA Selco. WC 3010 -d A w o w  m n t s  for A r t e u  

This experiment examined how three enrichments affect the essential fatty acid content of 

Arremia produced on a large hatchery scde. Russian Arremia (INVE aquaculture) w-ere 

hatched in 140 iiter conical tanks acçording to the procas earlier describeci. They were 

then rinsed and placed in clean 140 liter conical tanks contaùllng 28OC salt water. They 

were enriched with DC DHA Selco, Algamac 3010 Flake, or Aquagrow. The duration of 

each enric hment was detennined b y the manufacturer's instructions for each enrichment 

product, For each treatment, 0.6 grams of enrichment product was used for each liter of 

water in the container where enrichment would take place. Each enrichment was 



suspended in I liter of sait water in a blender, and half of this suspension was added to 

the Artemia at the start of enrichment. For Algamac 30 10 flake and Aquagrow, the 

remaining half of the enrichment was added 6 hours later, and enrichment was complete 

at 13 hours. For the DC DHA Selco e~chment,  the remaining half of the ainchment 

suspension was added 12 hours after the start of enrichment, and the enrichment process 

was cornplete after 24 hours. It should be noted that these procedures r d t e d  in the 

Aquagrow and Algamac 3010 f l a k ~ n r i c h e d  Artemia being 12 hours younger than DC 

DHA Selco-enriched Artemia at the time of sarnpling. After each enrichment, the Artemia 

were sampled for fatty acid analysis. Each enrichment experiment was repeated twice, to 

provide triplicate samples of Artemia nauplii. 

Sc. Artemia Enricheci with N~nocklo~o~)s iS  o c u ~ z o c k d n m  Paste F o l l o w ~  

bv S u ~ e r  Selco 

This experiment tested the effectiveness of commercially available nutrient paste 

consisting of a mixture of Nannochlompsis oculota and Schyzochytn'um. The paste was a 

product of Innovative Aquaculture. This experiment also looked at the nutritional quality 

of two day-old Arîernia. Two-day-old Artemia were studied because they have the 

potential to be fed to older larval fish, which are larger and therefore require a larger size 

of prey. Freshly hatched nauplii contain no DHA, which is the main reason Artemia have 

to be enriched (Verneth, et al. 1 994). 



Artemiafranciscana were decapsulated and hatched in a 20-liter container in salt water at 

28OC. Afier hatch they were rinsed, counted, and a sample was taken for fatty acid 

analysis. 1.2 million nauplii were added to a 30-liter flat-bottom beaker containhg 20 

liters of salt water at 28OC for enrichment with Nannochloropsis oculotu/Schyzochy~urn 

paste. For each liter of enrichment medium, 0.2 grams of the paste were used. The paste 

was dissolved in salt water with a blender pnor to adding to the enrichment tank. Afier 18 

hours of enrichment with Nannochloropsis ocualfa paste, the nauplii were removed fiom 

the enrichment b y siphoning into a 2Wpm sieve. They were rinsed gent1 y in salt water, 

and half of the Artemia were sampled for fatty acid andysis. The remaining half was 

placed in another 30-lïter container under the same conditions as the paste enrichment. 

The Artemia were then enriched for another 18 hours with Super Selco, according to the 

manufacturer's instructions. 0.6 grarns of Super Selco per liter of enrichment media was 

emdsified in one liter of salt water. Half of this suspension was added to the Artemia at 

the start of the enrichment, the other half 12 hours later, and the Artemia were sampled 

for fatty acid anal ysis 12 hours afier the second addition of enrichment media. A h  the 

Super Selco enrichment, the Arîernia nauplii were sampled for fatty acid anal ysis. The 

experiment was repeated three times to produce three fatty acid samples each for 

unenriched, paste enriched, and paste and Super Selco enriched Artetnia. 

6. and whole Iarvae analvsis 

In order to detennine the suitability of foods for l w a l  fish, it is useful to compare the 

essential fatty acid content of live feeds to the essential fatty acid content of larval 



sablefish and sablefish eggs. Sablefish eggs wae dected h m  captive broodstock at the 

Pacific Bioiogical Station, fmilized, and immediately sampled for fatty acid analpis by 

washing them with 3.2 % ammonium formate foiiowed by fkzing at -80 OC. They were 

then analyzed for fatty acid content in a procedure identical to that for moplankton. 

Sablefish larvae were collected one day before they were ready to be fed. They were 

prepared for fatty acid analysis in a procedure identical to that for sablefish eggs. 



GhaeL3 

Rcsulb 

1. Whole fattv acid ~ r o f i b  of 

Whole fatty acid profiles h m  myristic acid (14:O) to nervonic acid (24: 1 n9) for some 

species of algae, rotifers, Artemia and Tisbe used in the preparation of live food for larval 

sablefish are shown in Tables la and lb. Fatty acid profiles representative of species or 

treatments were selected. None of the samples shown here contain any nervonic acid. 

Also, any peak in the fatty acid spectra that amounted to less than 0.2% of the total area 

of al1 the peaks was eliminatd, and the area0/0 (table 1 a) for each fatty acid was adjusted 

to reflect this. Of particular interest are the amounts of the essential fatty acids DHA 

(22:6n3) and EPA (20511.3). 

in Table Ib, the values reflect the weight of each fatty acid in milligrams divided by the 

total weight in grams of the sample. The sum of al1 these values in any fatty acid 

s p e c t m  gives the total mass of fatty acids in milligrams per gram of dry weight of the 

organism. This total mass of al1 fatty acids can be use as an indicator of the total fat 

content of the sample. However, it shodd be noted that the total fatty acid content is not 

a measure of the total lipid content, as other lipids, such as sterols, are not detected in the 

fatty acid analysis. 

Ano ther aspect of whole fatty acid spectra is that they readil y identaiS. the species h m  

which the fatty acid sample came. In general, algal species contain less variety of fatty 



acids than zooplankton, In Table la and lb, both P. lutheri and C. grocilis have more 

simple spectra than the other species. The dominant feahne of any spectnan of a sample 

of Artemia is a large amount of linoleic acid ( 1 8:3n3). This high content of 1 8:3n3 is very 

characteristic of this species and was seen in al1 the Arfemia analyses done in this study. 

The most difficult animals to differentiate based on fatty acid spectra aione are Tkbe and 

ro ti fers. In general, roti fer specîra are more evenl y spread than copepod spectra Unlike 

those for rotifers, copepod fatty acid spectra tend to have hi& amounts of short-chah 

fatty acids, such as 14:O and 16: ln9, and high levels of polyunsaturated fatty acids such 

as DHA. However, these differences are not always distinctive, so whole fatty acid 

profiles are not a good way to differentiate rotifers and copepods. 

Because of the importance of the essential fatty acids DHA and EPA to the nutrition of 

Iarval sablefish, most of this thesis will discuss these two fatty acids only. While 

arachidonic acid (20:4n6) has also been identified as an essential fatty acid, it appears 

that live feeds contain adequate amounts of this fatty acid, and do not nomaily need to be 

e ~ c h e d  (reviewed by Sargent, et al, 1 997). 



Table la: Fattv Acid  roti il es of selected &al s~ecies and zooiriankton 

Results are expressed as percentages of ai i  fatty acids + 1 standard deviation. 



t4:O 
i 6D 
16:1 n7 
1621-17 
l63n6 
l63n4 
l6:4n3 
l8:O 
18:l c l  1 
18:l n9 
l8:l n7 
182n7 
182n6 
1 83n6 
1831-13 
l8:4n3 
?0:1nl1 
?0:1 n9 
?0:1 n7 
?0:4n6 (ARA) 
?0:3n3 
>0:4n3 
>Ofin3 (EPA) 
Y Sn6 
-2:5n3 
4:6n3 (DHA) 
rotai Fatty Add 
Iry Weight 

Results are expressed as miîiïgrams of each f&ty acid per gram of sample 2 1 standard deviation, 



2. Essential Fa- 

The first experiment for fatty acid retention was done on unenriched, T-Iso fed rotifers 

over a 12-hour starvation period in 9OC salt water (Table 2). There were no sigaificant 

differences in the essential fatty acid levels over the 12-hour period. These results 

indicate that when rotifers were not e~ched ,  there was no significant loss of essential 

fatty acids. Also, unemïched rotifers, if they are fed to larval fish, do not need to be 

rernoved from the larval rearing tank in less than 12 hours. 

The second experiment for fatty acid retention was done on rotifers enriched with 

Algarnac 30 10 Flake. As with the unenriched rotifers, there were no significant changes 

in the amount of essential fatty acids over the 1 2-hour starvation period in g°C water 

(Table 2). This suggests that Algamac is absorbed by the rotifers, and it is neither washed 

off nor degraded over the 12-hour starvation period. 

The final experiment for fatty acid retention was with Super Selco (INVE Aquaculture) 

enriched rotifers. After 12 hours of starvation, there was a significact diflérence in the 

EPA content as a proportion of dry weight (Table 2). After ody 4 hours, there was a 

significant difference in the EPA content as a proportion of al1 fatty acids. This means 

that EPA is lost h m  the rotifers faster than other fatty acids. 

Because there are changes in EPA both as a proportion of al1 fatty acids and as a 

proportion of dry weight, it cannot be detemineci if this loss in fatty acids is due to the 

rotifers metabolizing the fatty acids, or due to the fatty acids being washed off the 



rotifers. Because Super Selco enriched rotifers lose their enrichment over a 12-hour 

period they cannot be ailowed to remain in a larvai fish rearing tank for as long as 

Algamac enriched rotifers. The differences in the lenghs of time rotifers enriched with 

Super Selco and Algamac 301 0 Flake retain their enrichments rnay be due to the physical 

attributes of the enrichments, rather than their fatty acid content. Super Selco is a 

concentrated oil which is likely to coat the outside of rotifers. In contrast, Algamac 30 10 

Flake contains Schyzochyrrium cells, which are mal1 particles rather than an oil, and may 

approxirnate the natural algai diet of rotifers better than an oil product. Therefore, rotifers 

rnay be able to adsorb and store nutrients h m  Algamac 3010 Flake more efficiently than 

fiom Super Selco. A simple experirnent could be done to detamine how easil y 

enrichments are washed off rotifers. Groups of rotifers could be enriched with various 

enrichment products, and immediately sampled for sampled for fatty acid analysis. The 

remaining rotifers could then be washed several times with salt water, and then sampled 

again for fatty acid analysis. By cornparhg the fatty acid profiles of enriched rotifers 

before and alter washing, the effect of washing rotifers after enrichment can be 

determineci. 



Table 2: Enriched RotiCer Essentiril Fattv Acid Retention 

O 
4 
a 

12 
Mgam ac 

O 
4 

a 
12 

Super Seico 
O 
4 

8 
12 

fime 
Unenricheci 

EPA mda 

DHA area YO EPA m a  70 

Superscripts: withlli each enrichment triai, a = sigaificant difference h m  time O, b = significant difference 
ftom 4 hours, c= signiticant diffcrmce h m  8 hours, and d = signincant diffhnce form 12 hours. 



Temperature at which rotifers were enriched significantly affkcted their content of 

essential fatty acids (Table 3). Within each fatty acid measurement, there were also 

significant differences between the 120t and 45-1 1 9 p  size fiactions at 24.5 and 5.5 OC. 

There were no significant differences between the size fiactions when the rotifers were 

enriched at f 8S°C. 

When measured as a proportion of dry weight, there was no difference in EPA and DHA 

content in rotifers when enriched at 24.5 and 1 8.S°C. However, there were significant 

differences in the essential fatty acid levels when measured as a proportion of al1 fatty 

acids. This indicates that varying the temperature during the enrichment does not alter the 

total amount of essential fatty acids absorbed by the rotifers, but can affect how other 

fatty acids are adsohed during enrichment, which in turns affects the content of essential 

fatty acids in relation to 0 t h  fatty acids. 

The ratio of DHA to EPA for al1 the samples in this experiment always rernained below 

one, indicating that a Super Selco enrichment results in a rotifer that has more DHA than 

EPA. This result agrees with the results of the rotifer essential fatty acid retention 

experiment. 

At al1 temperatures examined, the variance for values DHA and EPA were higher in 

rotifers fiom the larger (120+) size class. This higher vanance may be due to the 



fecundity of the rotifas. A sieve with a 120p screen was used to separate fecund 

rotifers fiom non-fecund ones. However, the screen did not allow for a complete 

separation, and some large non-fecund rotifers were present in this size hction. As this 

experiment was conducted over several days, it is possible that there was some variability 

in fecundity of the mtifm. When the 120t size class was prepared f i e r  enrichment, this 

variability in fecundity would have resulted in a variable ratio of fecund to non-fecund 

rotifers in the this size class, which in tum wouid be reflected in the variability of the 

amounts of essential fatty acids in this size class. 



Table 3: Rotifers Enrichecl with SuDer Selco: Com~arison of 
Enrichment Temnerature and size classes 

Temperature 
24S°C 
24S°C 
1 8S°C 
1 8S°C 

1 1.8OC 
5 .soc 
5 -5°C 

€PA Ama % 1 Ratio DHA:EPA 
18.7 2 0.7 b.c.a.@-g 1 0.7 2 1.7 

Temperattire 
24S°C 

Size classes: 120+: Rotifers which w m  rctainad in a sicvc with a 120-b-mcsh. AU fiund rotifers were 
in this size fraction. 45- 1 19: Rotifm which passed through the sievc with 12û-pm mesh and were rctained 
in a 45-pm mesb 
Superscripts a= signifïcantly d H m t  b m  24.S°C, 12W, b= significantiy ciiffirent k m  24.5OC, 45- 1 19, 
c= significrtntiy different h m  18.5'C, 12W, d= significantiy diffèrent h m  18.S°C, 45-1 19, e= 
significantly different fiom 1 1.80CT 120+, + significantly Merent h m  5.5"C, 120+, g= significantly 
different h m  5.S°C, 45- t 19. 

Size ciass 
120+ 

45-119 
120+ 

45-1 19 
120+ 
120+ 

45-119 

DHA mg/g 

20.6 + 2.4 b.f 

26.6 2 2 . 8  
23.8 2 2.3 *"* 
22.4 2 1 .O e'fmg 

17.5 2 1.5 b.c.a.r 
10.7 0.6 a.b.C.a."D 

19.0+0.4 

Size chss 
120+ 

DHA Ama % 

12.8 2 0.9 b'c.a'f 



4. Effect of T e m a t u r e  O-t with D m  SeIco of -e *ses of 

rotife rs 

No significant differences in the amount of essential fatty acids as a proportion of dry 

weight were found among rotifers enriched with DHA Selco at diffetent temperatures 

(Table 4). There were sorne differences in essential fatty acids as a proportion of al1 fatty 

acids. These differences mean that temperature can have an effect on how fatty acids are 

absorbed by rotifers enriched with DHA Selco. However, since essential fatty acid 

content as a proportion of al1 fatty acids was not affecte& it appears that the efficiency of 

enrichment with DHA Selco is less susceptible to variation in temperature than is 

enrichment with Super Selco. 

In general, DHA Selco caused problems when enriching rotifers, and this is reflected in 

the high variability of the fatty acid results. The appeared much oilier and did not 

exnulsifi as well as Super Selco. Clumping of rotifers was seen on the surface of the 

water in the enrichment tank, and vigorous rinsing was required to produce a sarnple of 

live rotifers suitable for fatty acid analysis. Since clumps of rotifers are not fed to larval 

fish, the clumps had to be removed fiom the enrichment in order for the fatty acid 

analysis to reflect a diet that could be fed to larval fish. This may explain why the redts  

are lower than other researchers' findings for DHA Selco enriched rotifets (Blair et ai. 

1998). 



Table 4: Rotifer Enriched with DHA Selco: Commarison of Enrichment 
Temperature and size classes 

Size Chss .. 
1 20+ 
45-1 19 
120+ 
45-1 19 
120+ 
45-1 19 

DHA mg/g 

36.2 2 17.2 
25.3 2 2.3 
41 .O 2 16.2 
33.3 2 2.8 
25.9 2 8.0 
23.9 + 3.0 

EPA rn~/lg 

25.3 2 10.8 
16.6 2 0.8 
26.6 2 11.8 
20.5 2 1.8 
19.7 2 4.2 
16.2 + 1.3 

Temperature 
5.5 O C  

Site Ckss 
1 20+ 
45-1 19 
120+ 
45-1 19 
120+ 
45-1 19 

Size classes: 120+: Rotifers which 
in this size fiaction. 45- 119: Rotifc 
in a 4 5 - p  mesh. 
Superscnpts: a= significantly diffc 
significantly different M m  l2OC, 1 
different h m  18"C, 120+, f% sign 

DHA Area % 

14.1 5 0.9 
14.1 2 0.2 
14.7 2 0.7 
15.2 2 0.4 8 

12.9 2 1.3 d 

13.3 + 0.6 
me rctained in a sieve with a 
i which passed through the sic 

EPA Area % 

10.0 2 0.2 f 

9.3 2 0.2 
9.4 2 0.3 
9.4 2 0.2 

10.0 2 0.6 f 

9.0 + 0.2 a.e 
20-p me& Alî fccund 
r with 120-pn mesh and 

Ratio DHA:EPA 
1.4 - + 1.0 

1.5 - + 0.5 

1.6 - + 1.0 

1.6 2 0.7 

1.3 - + 1.8 

1.5 + 0.8 

mt h m  5.S0C, I2W, b= significantly d i f f i t  h m  5.j°C, 45-1 19, c= 
W, d= significantly differcnt h m  12OC, 45- 1 19, e= significantiy 
icantiy different h m  1 8"C, 1 20+. 



Results show that the DHA content of rotifers does not Vary over a 24 hour feeding 

period, but there are significant differences in the EPA content of the rotifers during the 

same feedïng cycle (Table 5). There were two sets of samples taken of rotifers that had 

been starved for 24 hows, and they had a significant ciifference in EPA content. This is 

probably due to variability in the rotifer feed (in this case, 3H and yeast). The source of 

the feed for the rotifers in this experiment was the same for both feedings, but it is 

possible that the fatty acid content of the algae can Vary in a 24 hour period. 



Table 5: Essentid Fattv Acid Changes in Rotifers Daring one Feeding 
Cvcle of ThPtCossCosira vseudonana 

1;me post feeding (heurs) 

24 (si me previous feedi ng 

Time post feeding (hours) 

24 (since previous feeding: 
3 
6 
12 

18 
24 

DHA FA% 
3.0 2 0.1 
3.3 2 0.3 
2.9 2 0.1 
3.7 2 1.3 
2.7 2 0.1 
2.2 + 0.1 

clone 3m and va 
EPA mg(g 

10.2 2 0.4 
9.7 - + 0.6 'lf 

9.5 2 0.6 '" 
9.5 2 0.1 '" 
7.6 2 0.5 a,b,c,d 

6.4 + 0.3 a,b,c,d 

EPA FA% 
13.6 2 0.6 '" 
13.2 2 0.3 '" 
12.3 2 0.3 ' 
11.2 2 1.6 
9.3 2 0.9 ab 

9.1 + 0.1 

Ratio D HA:EPA 
0.2 2 0.6 

0.2 2 0.8 

0.2 2 0.4 

0.3 2 3.7 

0.3 2 0.7 

0.2 + 0.2 

Superscripts: a= significantly different h m  k t  24 hour samplts, b= sipnificantiy diffefcnt f?om 3 hours, 
c= significantiy different h m  6 hours, d= significantiy différent h m  12 hours, IF sigaificantiy different 
fiom 18 hous, significantiy différent h m  second 24 hour sample. 



6. Essential Fattv AcM c o m t  of rowen for 0 
conditions. and enricbtnt 

The treatment which resulted in the highest levels of DHA as a proportion of al1 fatty 

acids was the diet oonsisting of 3 aigal species supplemented with yeast followed by 

enrichment with Algamac 2000 (Aquafauna Biomarine), in the 45- 1 19 pm size class 

(Table 6). Rotifers that had been fed the mixed algal dia foilowed by enrichment with 

Algamac 2000 resulted in the highest ratio of DHA to EPA. The results of this 

experiment show that the algal diet of the rotifers prior to enrichment plays a role in 

conjunction with the enrichment in determinhg the final fatty acid profile of the rotifers. 

For example, the 12W hction of rotifers fed 3H and yeast and enriched with Algamac 

2000 has a significantly lower DHA content than the 12W fhction of rotifcis f d  the 

rnixed algal diet and treated with the same enrichment. The different algal diets also 

result in differences in the EPA content of the rotifers enriched with Ratio HUFA Enrich 

(mWE Aquaculture), both as a proportion of ail fatty acids and as a proportion of dry 

weight. The Ratio HUFA Enrich enrichment resulted in the highest dry weight of 

essential fatty acids. However, this enrichment, in a similar manner as DHA Selco, 

resulted in clumping of the rotifers, making it difficult to obtain a sample suitable for 

M i n g  to larval fish or for fatty acid analysis. Therefore, feeding rotifers a mixed algai 

diet, followed by enrichment with AIgamac 2000 appears to be the technique which 

results in the diet most suitable for feeding to larval fish in this experiment. Algmac is 

made £kom Schyrochyniurn, which is a heterotrophicaily grown unicellular fungus. 

Whole cells of Schyzochynium are used for this enrichment rather than oils, as the case 

with the HLTFA Enrich products. Algamac may be closer in structure to the nahiral algal 



diet of rotifers, and may thus enrich mtifm by causing them to absorb essential fatty 

acids through their gut tract, raîher than simply coating the outside of the animal. 

(McEvoy and Sargent, 1998) 



Enrichments, and for Merent size classes 

EPA nidg 
14.2 2 0.6 

Rotifer Uiet Prior to 
En richment 
3 i-f+Yeast 
,3H+Yeast 
Mixed AigaJ Diet 
Mixed Algai Diet 
3H+Yeast 
3H+Yeast 
Mixed Algai Diet 
Mixed Aigai Diet 
3H+Yeast 
3H+Yeast 

EPA %FA 
1 1.7 2 0.2 h*Ll.'J 

Enrichment 

A l g a m a c m  
A l g a r r i a c m  
Algamac 2000 
Aigamac 2000 
Ratio HUFA Enrich 
Ratio HUFA Enrich 
Ratio HUFA Enrich 
Ratio HUFA Enrich 
Protein HUFA Emich 
Protein HUFA Enrich 

J 17.8 + 0 2  ULUUf.o 1 
Size classes: 120+: Rotif" which were retained in a sicve with a 120-pm mesh. Al1 fccund rotifers were 
in this size fiaction. 45-1 19: Rotifers which passed through the sieve with 120-pm mcsh and were retained 
in a 45-pm mesh. 
Mixed Algal Diet = 1/3 T.graciIe, 1/3 P.lutheri, and 1/3 3H+Ycast- 
Superscripts: a= significantiy difièrent h m  3H +Ycast, Algamac 2000, 12W, b= significantly different 
h m  3H +Yeast, Algamar. 2000,45- 1 19, c= significantly différent h m  mixai algal diet, Algamac 2000, 
120+, d= signiticantly diffcrent fnnn mixd al@ diet, Algamac 2000,45- 1 1 9, e= significantly diffett~tt 
from 3 H+ Yeast, Ratio HUFA Enrich, 1 20+, + sigaificantly differc~lt h m  3H+ Yeast, Ratio HUFA 
Enrich, 45- 1 19, mixed algal diet, Ratio HUFA Enrich, 120+, g= significautly differt~lt h m  rnixed algal 
diet, Ratio HUFA Enrich, 12W, h= significantly düfércnt h m  mixai algal dia, Ratio HUFA Enrich, 45- 
1 19, i= significantly diffèrent 3H+Ytast, Protein HUFA Enrich, 12W, 3H+Yeast, Protein HUFA Enrich, 
45- 1 19. 

Rotifer Diet Prior to 
En richment 
3 H +Yeast 
3H+Yeast 
Mixed Aigal Diet 
Mied Algai Diet 
3H+Yeast 
3H+Yeast 
Mixed Aigai Diet 
Mixed Algai Diet 
3H+Yeast 
3H+Yeast 

EnrichM 

A l g a m a c w  
wW=2OO0 
Aigamac XW)O 
Algamac 2000 
Rattio HUFA Enrich 
Ratio HUFA Enrich 
Ratio HUFA Enrich 
Ratio HUFA Enrich 
Protein HUFA Enrich 

iProtein HUFA ENich 



7. Effect of diet on the Fattv A- of Rotffcrt 

Diet significantly affected the essential fatty acid profile of rotifers (Table 7). T-Iso 

resulted in the highest level of DHA as a proportion of dry weight, and was significantly 

different £?om al1 other algal species tried. Chaetoceros gmcilk d t e d  in the highest 

EPA content as a proportion of dry weighs and was significantly different h m  d l  other 

species trÏed. T-Iso resuited in the highest lwel of DHA as a proportion of all fatty acids, 

and was significantl y different h m  al1 other trials except the unfed control, Pavlova 

Zutheri resulted in the highest EPA content as proportion of d l  fatty acids of the algal 

species tried, and was significantly diffaent fkom ai i  algal species o h  than 

Chaetoceros gracilis. The high level of DHA in the d e d  rotifers is due to the final 

feeding of T-Iso they received pnor to the 4-day water regimen undergone before 

sampling. This indicates even after a 4&y starvation period, rotifers do not 

preferentiall y metabolize DHA. This result agrees with the resuits of rotifer essential faîîy 

acid retention experïment, which showed that over a 12-hour period DHA content in 

unemicheci rotifers does not change significantly. The ratio of DHA to EPA was highest 

in T-Iso fed rotifers, and was significantly different h m  al1 other species tried. This 

experiment showed that T-Iso is the best diet for producing rotifers that have a high DHA 

content and a high ratio of DHA to EPA. This experiment did not include an evaluation 

of die- effects on rotifer growth rates, but previous shldies have shown that different 

algal species have littie effect on growth rate, and that culture temperature is much more 

critical in determinhg growth rate (Scott and Baynes, 1978). 



Table 7: Effect of A l ~ a e  on Rotifer Essentid Fattv Acids 

Chaetoceros gracilis 
Tahitian Isochrysis 
Tetraselmis gracile 
Pavlova lutherir' 
Unfed 

Chaetoceros gracilis 
Tahitian Isochrysis 
Tetraselmis gracile 
Pavlova lutherii 
Unfed 

DHA Area % 

EPA mg& 
11.2 2 0.7b1c-d*e 
3.5 2 0.5 
8.0 2 0.4 '"*' 

4.1 + 0.2a"*' 

f PA Area % 
9.7 + 0.5 bL*e 

3.22 0.2aC*' 
6.7 2 O.Oa*b*d 

10.5 + 1 -3 b-c*e 

5.6 2 0.2 a*bd 

Ratio DHA:EPA 
1 .O 2 0.4 "' 
4.2 + 0.2 - 
0.6 + 0.2 bl' 

0.8 2 1.7 b18 

2.3 2 0.2 a9b*cvd 

Superscnpts: a= significantly diffixent h m  Chuetuceros gracilis, b= significantiy diffcrent h m  Tahitian 
Isochrysïs galbana, c= signincantly diffkrent h m  Tetraseîmis gracile, & signifïcantiy different h m  
Pavlova lutheri, e= signifïcantly différent h m  water conuol 



8. Effect of u a  T m  

As with rotifers, algai diet can affect copepod fatty acid content (Table 8). Tkbe unfed 

for one week have a large decrease in total fatty acid content, and are significantly 

different in dry weight content of DHA and EPA when compared to copepods fed any 

species of algae. Similarl y, starved copepods show a large reduction of essential fatty 

acids as a percentage of total fatty acids when compared to fed copepods. This indicates 

that copepods either prefefentiall y metabolize essential fatty acids when they are in short 

supply, or they do not synthesize them during starvation. The presence of DHA in 

copepods fd T. gracile means that copepods have the ability to synthesize DHA de novo, 

since Tetraselmis has very little or no DHA (Voikman et al., 1 989, Reitan et al., 1 997) 

Tisbe with the highest essential fatty acid content are of the greatest interest in 

aquaculture. C. gracilis. Pavlova lutheri, and T-Iso al1 produce copepods with hi& 

amounts of essential fatty acids. However, as noted earlier, Tisbe fed Pavlova lutheri do 

not grow rapidly or reach a high population. C. gracilis and T-Iso both resulted in dense 

populations of wpepods, but T-Iso always resulted in Iess detrital matter accumulating in 

the tank, and therefore produced less work in cleaning tanks. Further, the ratio of DHA to 

EPA in the C. gracilis fed mpepods is low, and therefore T-Iso seems to be the best algal 

species to feed to copepods which will be used as fish food. 



Table 8: Effect of Akal Diet on Essential Fattv Acids of Tkbe 

1 

Chaetoœrvs gracilis 

DHA Area % 

Chaetoœms gracilis 11.1 2 3 . 3  
Tahitian lsochrysis 28.1 + 1.4 
Tetraselmis gracile 
Pavlova lutherii 30.7 2 2.2 

Tahitian lsochrysis 
Tetraselmis graci!e 
Pavlova luthenï 
Unfed 

c= significantly different h m  Temaselmis gracile, d = significantly differc~lt h m  P-lurheni e = 

significantiy different h m  water conuol. 

DHA rtgig 
19.0 2 4.9 C. 

EPA 
1 

28.7 2 4.6 bvCd.' 

14.5 2 5.6 
8.6 + 1.6 ad 

19.6 2 3.6 0 . d  

0.5 2 0.3 "' 

4.5 z 1.9 8.ca.e 

8.2 + 1 .O ab".e 

1 1 -8 2 0.8 
0 2  + 0.1 IbsC' 



9. Effect of prowtb c o n a e  ess- acid cont-t of 

As with the algal diet experiment on copepods, the results of the m a s  culture experiment 

show that essential fatty acid content is dependent on algal diet (Table 9). Al1 but one of 

the copepod trials in the mass culture experiment were sampled aller 2 weeks. After two 

weeks, a copepod population contains al1 size classes, including adults, The p v i d  

femaies contribute most of the dry weight to the samples, and therefore cause the 

essentiai fatty acid content of the entire population to be higher than a population of 

copepodites only. The diet which resulted in copepods with the highest essential fatty 

acid content was a mixture of Nannochloropsis paste and Culture Selco. This diet is also 

the easiest to prepare, because it does not require live algae. However, this diet can cause 

rapid fouling of the tank, and extra husbanâry procedures may be r e q w e d .  The mixture 

of Culture Selco and Nannochforopsis oculata paste contains no live cells, and it tends to 

settle in the tank rapidly. This causes detrital material to accumulate much more rapidly 

in Tisbe cultures fed Nannochforopsis oculata paste and Culture Selco than cultures fed a 

live algal diet. 

The expenment on the mass culture of copepods included four cornparisons of copepods 

fed T-Iso under different conditions. The four T-Iso groups were: 14 days at 18OC, 7 

days at 1 8'C, 14 days at 12OC and 14 days at 1 8'C followed by grading between 120 and 

2 0 0 p  sieves. Copepods fed T-Iso for 14 &ys and for 7 days were not found to be 

different in essential fatty acid content in any of the values measwed. This indicates that 



a population of mixeci naupiii and copepodites (the 7 day old culture) has the same fatty 

acid profile as a population coataining ai l  sïze classes (the 14 &y old culture). However, 

copepods graded betweezl 120 and 2 0 0 ~  had consistently Iower DHA content, 

indicating that most of the essential fatty acids in the TLFbe population are contained 

either in the adults or in nauplii, not copepodites (Table 9). The Tisbe culture grown at 

12OC had consistently lower essential fatty acid content than those grown at 18-20°C in 

al1 the vatues measured. T u e  fed T-Iso for7 days, followed by a starvation period of 7 

days at 4 ' ~  had high values DHA and EPA. It is possible that at low temperatures Tkbe 

do not metabolize long-chsin fany acids, and instead use them for structural purposes in 

order to mainain membrane fluidity in their celis. 

Another useful cornparison is wpepods fed T-Iso over 7 days in this experiment to 

copepods fed T-Iso for 7 days in the copepod algal diet experiment. The major difference 

in these groups was culture conditions, as algal type and density were the same. A one- 

way ANOVA was done to compare al1 the measwements for a 7 &y old culture of T-Iso 

fed copepods, and there was no significant difference QHl.05) between the copepods in 

the this and the algae experiment. 

One can also compare the three groups of copepods fed T-Iso, P. lutheri, and T. gracile 

for 14 days in this experiment to copepods fed the same algae for 7 days in the aigae 

experiment. A one-way ANOVA was done to compare the samples, and no significant 

difference was found between groups in the pmtocol experiment and p u p s  fed the same 



algae in the algae experimait. These resuits udicate thai the fw acid profile of the 

copepods is determined by the aigae they graze upon, not their growth conditions. 



Table 9: Essential Fattv Acid Content of Tkbe Gmwn on Production 

Scale - 

Standard feed of T-lso for 14 da-. 
Standard feed of T-lso for 7 days 
7 day feed T-lso, starved 7 day 4 O C  
Tetrasirnis gractractie for 14 days. 
Pavlova lutheri for 14 days 
Culture Selco for 14 days 
T-lso and constant terngeratum Of 12% 
N a n ~ l o r o p r i s  oarlata paste for 14 da* 
N a n ~ I o r o p s i s  oarlata paste and Culture Wco 
T-lso graded 120-200 Fm 

DHA ~ U Q  
15.0 + 1 .O IJ 

15.5 + 0.8 " 
22.8 + 1 S a w  
13.3 + 0.3 
22.6 + 5.3 
9.5 + 2 3  
7.0 + 0.8 -.' 
8.1 + 3.0 ' 

242 + 0.3 
4.9 + 0.9 -' 

IDHA Area % 
Standard feed of T-lso for 14 da-. 1 29.0 2 2.6 *rgLJJ 

Standard feed of T-lso for 7 days 
7 day feed T-1st). starved 7 dam at 4 OC 
Tetraselmis gracile for 14 days. 
Pavlova luthen for 14 days 
Culture Sela, for 14 days 
T-lso and constant temperature of 12% 
Nannochloropsis ocdafa paste for 1 4 days 
Nannochloropsis 0cuIata paste and Culture Wco 
T- lsa graded 1 20-200 prn 1 18-41 1 2  114.8+. 1 2  - I 1 2 =  2.4 -* 
Superscriprs: a = significantly ciiffernt h m  Standard f d  of T-ho for 14 clays. b = significantly different 
& standard feedof T-150 for 7 &YS. c = Si@caniiy diffmnt h m  7 day fcsd, 7-dny stawe at 4OC. d = 
significantly different from TeiraSeimis gracile for 14 days. e = sigxufïcantly d i f f ~ t  Erom Prrvlova lutheri 
for 14 days. f = Significantly different from Culture Selco for 14 dap. g = Significantly différent h m  T- 
ISO at 12°C. h = Sigdicantly diererent h m  Nannochloropsis octriara paste for 14 &YS. i = si@candy 
different fiom Nannochloropsis m f a t a  paste and Cuihuic Selco for 14 &YS. j = significantîy differtnt h m  
T-Iso graded between 120 and 2 0 0 p  sieves. 



1 O. Essential F- of A m  

The results of the Arîemiu fatty acid retention experimmt show that unenriched Artemia 

change little in essential fbtîy acid content over a 12- hour period in 9°C salt water (Table 

10). The only significant difference noted was in dry weight content of EPA between the 

O and the 12-hour samples. Unenriched Artemia had no DHA, and so the ratio of DHA to 

EPA rernained at O throughout the 12-hour starvation period. 

For Algarnac enriched Artemia, significant differences over tirne were noted only in EPA 

as a percentage of  dl fatty acids. AAer 8 hours there was a significant increase in the 

arnount of EPA as a proportion of ail fatty acids. Since there is no significant change in 

the dry weight content of the Arîemia over this same period, it means that fatty acids 

other than EPA and DHA are metabolized preferentially during a starvation period of 12 

hours. There are no significant changes in the ratio of DHA to EPA for the f'irst 8 hours 

of starvation, but there is a significant drop in the ratio between 8 and 12 hours. This 

indicates that after 8 hours, Algarnac-e~ched Artemia begin to lose DHA at a slightly 

faster rate than EPA. However, even after 12 hours pst-enrichment with Algamac, the 

ratio of DHA to EPA is still 1.44: 1, which is much higher than Artemia enriched with 

paste or paste and Super Selco, even before starvation. 

Over time. A rtemia enriched with Aquagrow also changed signi ficantl y in essential fatty 

acid content. After 8 hours, there is a significant decrease in the arnount of DHA as a 

proportion of dry weight. Over this same period, there is no change in DHA as a 

proportion of al1 fatty acids. These two r d &  indicate that DHA is not preferentiaily 



metabolized over EPA in Aquagrow e ~ c h e d  Artemia. Conversely, the EPA level as 

proportion of dry weight is significantl y different d e r  only 4 hours of starvation, and 

there are no significant ciifferences in EPA as a proportion of al1 fatty acids over the 

entire 12-hour starvation period. As with the Aquagrow enrichment, the amount of EPA 

as a proportion of aii fatty acids increases over t h e .  Finally, the ratio of DHA tu EPA 

decreases significantl y after on1 y 4 hours of starvation, due to the increasing propomon 

of EPA and the decreasing proportion of DHA. 



Table 10: Enriched A~emio  Essential Fattv Acid Loss 

iirne 
Unenric hed 

O 
4 
8 

12 
Algamac 

O 
4 

8 
12 

Aquagrow 
O 
4 
8 

12 

EPA mg/g -DM mm 

0.1 2 0.2 
0.0 2 0.0 
0.0 2 0.0 
0.0 2 0.0 

14.6 2 1.1 
12.1 2 3.6 
11 .321 .4  
9.9 2 1.2 

25.4 2 2.6 
20.6 2 1.6 
18.0 2 3.5 a 

16.6 2 1.1 a 

l ime 
Unenric hed 

O 
4 
8 

12 
Algamac 

O 
4 
8 

12 
Aquagrow 

O 
4 
8 

DHA area YO 

0.1 - + 0.2 
0.0 2 0.0 
0.0 2 0.0 
0.0 2 0.0 

8 . 3 2 0 . 1  
8.8 2 0.7 
8 . 7 2 0 . 5  
7.6 2 0.1 

12.9 2 0.6 
129 2 0.3 
t2.7 2 0.3 

- -  

EPA a m  % 
i 

1 14 12-1 2 0 . 4  ( 4.7 2 0.1 

L 

I 
L 

2.6 5 0.4 
Superscripts: within each enrichment mal, a = signif?cant diffetcnce h m  time O, b = sis  



Effect of enrichmenb on A r t c d  Eswntirl Fattv Acid Content 

None of the results showed any significant clifference between Al-c 30 1 0 Flake and 

Aquagrow. Artemia prepared with these two enrichments were significantly higher in 

DHA content (both as percentage of total fatty acids and as a proportion of dry weight) 

compared to DC DHA Selco enrïched Artemia (Table 1 1 ) .  Only Algamac 3010 Flake 

enriched Arternia were significantly different in EPA content than DC DHA Selco 

enriched Artemia, and only as a percentage of total fatty acids. The ratio of DHA to EPA 

was significantly different in both the Aquagrow and Algamac Flake 30 10 enriched 

Arîemia comparai to DC DHA Selco enriched. These results indicate that the 

enrichments mostly affect the DHA content of Artemia. Also, because of low DHA 

content and a low ratio of DHA to EPA, DC DHA Selco enriched Artemia are not a 

nutritious diet for larval sablefish. In a simiiar manner as rotifers enriched with Algamac, 

the higher retention of DHA in Arîemia enriched with Aquagrow and Algamac 30 10 

Flake when compared to the DC DHA Selco enrichment may be due to the content of 

whole cells of Schyzochytriurn in both Aquagrow and Algamac 3010 Flake. It is possible 

that presenting whole cells to Artemia rather than emulsified oil allows them to absorb 

and retain essentid fatty acids more efficiently. 



Table 11: Effet  of Enrichments on A ~ e m i à  Essentiril Fattv Acid Content 

DC DHA Selco 
Algamac 301 0 Flake 
Aquag row 

1 Aquag row 1 12.3 + 0.5 ' 1 3.6 + 0.8 1 3.6 + 2.0 ' 1 
Superscnpts: a significant différence fiom DC DHA Selco, b = simrificant diffkrcncc h m  Algamac 30 10 

1 

DC DHA Seko 
Algarnac 301 0 Fhke 

D M  mg/g 

2.5 2 0.7 b" 

21 .O 2 3.5 ' 
22.6 +2.9 ' 

EPA Mg/g 

3.5 2 0.9 
9 2  + 1.9 
6.6 + 1.9 

1 

DHA Area % 

1.9 2 O P  b" 

12.7 + 0.5 ' 

EPA Atea % 

2.7 2 0.1 
5.8 + 0.6 a 

Ratio DHA:EPA 
0.7 2 0.3 bec 

2.4 - + 1.3 a 



ocultztcr/Schizochk~ Pute Foîîowed m r  

After one day of enrichment with Nannochloropsis oculata and Schyzo~hy~urn paste 

alone, Artemia have significantly higher lwels of DHA, hth as a proportion of dry 

weight and as a percentage of total fatty acid (Table 12). The one-&y enrichment with 

the paste has no signifiant effect on the EPA content of Ariemia. A second day of 

enrichment with Super Selw results in Artemia with significantl y higher levels of DHA 

when compared to both unenriched and oneday paste-e~ched Artemia. EPA leveis are 

also significantly increased &er the Super Selco enrichment. It is possible that the high 

levels of EPA in the two-day-oid Artemia-may be due to the higher level of digestive tract 

development in these animals, in cornparison to one-day-old Artemia used in al1 other 

experiments presented in this thesis. 



Table 12: Essential Fattv Acid Content of Artcmirr Enriched with 
Nannochloro~sis ocu&trUSchizo~h~~um Paste Followed bv Sumr Selco 

m 

L 

Freshly hatched Nauplii 
1 Day paste Enriched 
1 Day paste Enriched +1 Day DC Super Selco 

[1 Day paste Enriched +1 Day DC Super Selm 1 10.3 + 1.3 ab 1 18.7 + 1.8 ab 1 0.5 + 3.1 I 

1 

Freshly hatched Nauplii 
1 Day paste Enriched 

Superscripts: a = simiif?cant différence fiam h h i y  haîchcd naupiii, b = sigoincant diff~rt~lce h m  1 day 
paste enric hed, c = signifïcant diffaence form 1 day paste enricheci + 1 day DC Supcr Selco. 

DHA mg/g 
0.0 + 0.0 bmc 

1.3 2 0.3 
20.0 + 5.1 

EPA mg/g 

4.9 2 0.6 
5.4 2 0.5 

36.4 + 8.3 , 
DHA % FA 

0.0 + 0.0 b.c 

1.2 2 0.3 

EPA %FA 
3.2 + 0.6 
5.2 + 0.5 

Ratio OHA :EPA 
0.0 2 0.0 
0.2 5 1.1 



in order to compare the total fat content of various live feeds for larval sablefish, the 

individual weights of each fatty acid in a whole fatty acid profile were added. The remit 

is the total mass of al1 fatty acids per gram of sample. Though this value is not a true 

measure of  total lipid content, it can be used to determine how much fat is delivered to a 

l and  fish for each prey item it consumes. 



Table 13: Cornparison of Total Fattv Acid Contents in Live feed 

Artemia 2 
Rotifers 1 
Rotifers 2 
Tisbe 1 
Tisbe 2 

Results are expressed as averagcs of aipikates 2 standard deviation. 
Artemia 1: Enriched with Algamac 3030 Flalce (htty acid retenticm cxpcrimcnt, time O )  
Artemia 2: Enriched with Aquagrow (îàtty acid retention exptriahcnt, timc O) 
Rotifer 1 : Enriched with Algamac 30 10 Flalre (f8tty acid mention experiment, rime O) 
Rotifer 2: Enriched with Super Sclco (fatty acid retention apcrîmcnq time O) 
Copepod 1 : Fed 14 days with T-Iso (Copepod production cxperiment) 
Copepod 2: Fed 7 days with T-Iso (C~pepod algd diet experimcnt) 
Superscripts a= sigxufïcant differcnu h m  Arremia 1, b= Simiificant ciifference fiom Artemia 2, c= 
significant difference h m  Roafer 1, d= significant differcnce h m  Rotifér 2, e= signincant diffetetlce 
from Copepods 1, f= significant clifference h m  Copepods 2. 



Whole sablefish lawae and eggs were analysed for essential fatty acid content (Table 14). 

The eggs were sampled immediately after fertilization, and the larvae were sampled one 

day before their b t  feeding. Significant diffefe~lces were found in the EPA content of 

sablefish larvae and eggs in both dry weight and as a proportion of al1 fatty acids. DHA 

content was on1 y significant in sablefish eggs and larvae when measured as a proportion 

of al1 fatty acids. As sablefish eggs deveiop into larvae, there is a reduction in the amount 

of EPA present when the whole animal is sampled, and a relative increase in the amount 

of DHA. These changes may be due to an increased reliance on DHA for structural, 

rather than energy, purposes, and a concurrent increased reliance on EPA for energy 

purposes. 



Table 14: Essential Fattv Acid Content of Sablefhh Eggs and Larval 
Sablefish 

l 
I 

ES 
Sablefkh Larvae 

Superscripts: a= signifiant clifference b r n  sablefish eggs, b= significant diffetence from 
larvd sablefish. 

El39 
Sablefish Larvae 

DHA @g 
23.0 - + 5.5 

24.4 2 1.7 

EPA @g I 

11.8 - + 2.8 a 

6.9 + 0.9 b 

Results are expresseci as averages of trïplicates + standard deviaîion. 

DHA %FA 

28.1 - + 0.1 

31.9 2 1.3 

EPA %FA 

14.4 - + 0.1 a 

9.0 2 0.4 b 

Ratio DHASPA 

2.0 2 0.2 
3.5 2 1.7 



ter 4: Dbcuaaipll 

The most chailenging aspect ofusing faîty acid analysis to determine the nutritional 

quality of larval feeds is the interpretation of which aspects of the fatty acid results are 

most important. The procedures and enrichments studied in this work were ail designed 

to increase the level of two essential fatty acids in lamal feeds: docosahexaenoic acid 

(DHA), and eicosapentaenoic acid (EPA). Adequate arnounts of these two essential fatty 

acids have Iong been known to be needed in larval fish diets (Watanabe, 1993). More 

recently, arachidonic acid (20:4n6, ARA) has also been determined to be an essential 

fatty acid for larval marine fish. Arachidonic a d ,  as well as EPA, is a known precursor 

of eicosanoid hormones such as prostaglandins and leukotrienes, in Iarval fish, but the 

dieîary requirernents of ARA in larval feed is not as well understood as those for DHA 

and EPA (reviewed by Sargent, McEvoy, and Bell, 1997; Estives, et al 1998, Sargent et 

al., 1999). Commonly used live feeds for lawal fish do not nomally have enough of 

these essential fatty acids to sustain the larvae, which is why techniques and products 

have been developed to improve the fatty acid content of live feeds (Harel and Place, 

1998; McEvoy, and Sargent, 1998). 

The natural diet of larval sablefish cannot be reproduced in an aquaculture setting. To 

solve this problem larvae are fed culturexi live prey that have been manipulated in sorne 

way to enhance their fatty acid content. Efficient ways of growing live food and 

delivering essential fatty acids to l and  fish in the correct amounts is the main goal of 

live feed production. However, diffêrent larval fish diets deliver these essential fatty acids 



to larval fish in différent ways, and determbhg which routes are most important to the 

lamal fish is critical in choosing the nght diet to ensure maximum survival and growth. 

Fatty acid data are presented in this work in two ways: individual essential fatty acids as a 

proportion of al1 fatty acids (FA%), and individual fatty acids as a proportion of dry 

weight (mg fatty acid/gram dry weight). The first measure indicates the quality of the 

fatty acids present in the feeds. In general, the goal in the production of live f d s  for 

marine finfish is to maximize this amount (Harel and Place, 1998; McEvoy and Sargent 

1 998; Rosenlund, et al 1997; Gapasin et al, 1998). The second measure indicates how 

much of a fatîy acid is delivered to a lamal fish for each food particle or prey it 

consumes; it is a rneasure of the efficiency of the food in delivering essential fatty acids 

to larvae. When producing live feed for larval fish, rnaximizing these values is 

important, but the effects on food quality as a whole must be considered. Some 

enrichment procedures increase the total dry weight fat content in zooplankton. An 

increase in fat as a proportion of dry weight indicates that the proportion of other 

nutrients, such as essential amino acids, has decreased. 

When deciding which diet to feed to larval fish, one must consider not only the dry 

weight of essential fatîy acids, but also the total fat content. Ideally, a zooplankton 

enrichment shodd increase o d y  the essentiai fatty acid dry weight content, not the total 

dry weight fat content. Such a diet would resuit in food that has a high content of 

essential fatty acids as a proportion of al1 fatty acids (YoFA), high dry weight content of 



essential fatty acids (mglg), and low overail dry weight of ali fatty acids. Designing a 

procedure that results in a diet to meet these aiteria was one of the goals of this study. 

This work did not include an analysis of the total lipid content of live feeds. However, al1 

the fatty acid analyses permitted calculation of a  ci^^ weight amount of each individual 

fatty acid. For the sake of simplicity, only the dry weights of essential fatty acids have 

been discussed. However, by adding the dry weight of each fatty acid in any given 

sarnpie, an indication of total lipid can be detennined. This measure (totai dry weight of 

fatty acids) can then be used to compare total fat content between live feeds. In Table 13, 

the total dry weight of al1 fatty acids was presented for three live feeds studied in this 

work- 

Table 13 shows that in general, enriched Arîemia bave the highest dry weight of total 

fatty acids, followed by rotifers and then Tisbe. However, there were no significant 

differences between rotifers eruiched with Algamac 30 1 0 Flake and either of the copepod 

diets. Enriched Artenria deliver more fatty acid to larval fish than do copepods or 

rotifers. What effect this may have on larval sablefish is undetermined, but the high fatty 

acid content of Artemia must be taken into consideration when determinhg when 

sablefish should be weaned h m  rotifers ont0 Artenrio, and what d e  a supplementary 

diet of Tisbe can have during the weaning process. Copepods, because they are 

unenriched, may be considered a more natural diet than Artemia for larval fish. The 

significant difference in total fat content between Artemiu and copepods indicates that 

enriched Artemia may deliver more than optimal levels of fat to larval fish. 



The best way to determine the ideal diet for larval fish is to run an experiment on a s e r i a  

of larval fish fed different diets, and then correlate survivai rates to different diets. 

However, this is not easily doue. There are many factors which contribute to the survival 

of larval fish; diet is only one of them. A feeding trial expairnent was atternpted in this 

study, but failed to yield useful data. The larvae were kept in an amay of nine Cliter 

beakers, three for each of three diets being evaluated. However, the small containers 

rapidly become infeçted with ciliates, and ail larval fish died before usefid data could be 

obtained. A valid feeding trial on sablefish cannot be done with small containers. To 

perform a structured feed-cornparison, an m y  of full-sized l a n d  rearing tanks (up to 

40001) should be used. Large tanks appear to be much Mer suited for rearing larval 

sablefish. This may be due to the higher volume to surface area ratio of larger tanks, or 

because of better stability of temperature and water quality, in cornparison to smaiier 

containers. However, an experiment involving feeding various die& to larval fish in large 

tanks was beyond the scope of this study. 

An alternative to using feeding trials to determine the ideal diet for larval sablefish is to 

examine what larval fish eat in the wild, and then attempt to manipulate cultured live 

feeds to emulate the wild diet fatty acid profile. In the wild, larval sablefish are known to 

eat calanoid copepod nauplii (Grover and Olla, 1990). At the time of this study, a local 

species of calanoid copepod nauplii was not availabie, but studies have examinai the 

possibility of wild-caught zooplanlrton as potentiai food for cultured marine larvae (N~ess 

et al, 1995; McEvoy et al, 1998). A h ,  because of the sûisonal variability of the 

nutritional quality of wild cafanoid fopepods (Norrbin et al, 1990), it wouid be difficult 



to determine if a wild-caught calanoid was really the same species a sablefish larvae 

would select in naturai conditions. Hatchery-growm sablefish larvae are usually feeding 

on copepod-sized particles in May and June, and wild sablefish larvae on the coast of 

British Columbia are usually feeding on the same particle size in April (Mason et al. 

1983; Shenker and Olla, 1986; Grover and 011% 1987). 

Harpacticoid copepods are a potentid alternative to calanoid copepods, and can be grown 

in captivity. The copepod used in this study was a local species of the harpacticoid Tisbe 

sp. This species has been cultured at the Pacific Biological Station for over 4 years, and 

has over that time has shown signs of becoming domesticated. In general, cultured Tisbe 

appear to be becoming more pelagic in nature over successive generations. This is 

significant for two reasons: first, pelagic behavior means the Tisbe do not necessarily 

need high levels of substrate in orda to reach a high population, and in general are casier 

to culture. Secondly, the pelagic behavior in Tkbe means that larvd fish do not have to 

approach the sides of a larval rearing tank in order to prey upon Tisbe, which closely 

emulates the sablefish larvae's natural, pelagic environment. While ernpirical evidence 

was found that larval sablefish would consume Tisbe, no data were obtauied to suggest 

how Tisbe affected larval sablefish survival. It has been shown, however, that Tisbe can 

improve the growth rate of haddock and plaice, although some detrimental effects on 

survival have also been observed (Nanton and Castell, 1998). It is aiso known that wild 

zooplankton consisting mostly of copepods fan be beaeficïal by improving fish 

pigmentation (McEvoy et al, 1 998). Tisbe are benthic in nature: they do not stay in the 

water column for very long, and may therefore not be available to fish larvae in the larval 



rearing tank (Nanton and Casteil, 1998). This underscores one of the main problerns of 

using copepods as feed for larval fish: making them available for larval wnsumption. 

One potential solution is to place them in a mesh-bottom tray which floats in the larvai 

rearing tanks, allowing a slow, constant supply of mal1 nauplii to the larvae (Kahan et al, 

1982). 

The fatty acid content of cultured harpacticoids is variable. Both salinity and diet can 

affect the final size and fecundity of female Tisbe holothuriae, which in turn will affect 

how much essential fatty acid is delivered to larval fish for each copepod consumed 

(Miliou, 1996; Norsker and Stattrup, 1994).This study showed algal diet has a duect 

influence on the fatty acid profile of copepods, and this result is similar to the conclusions 

of Nanton and Castell (1999). These factors indicate the need to have a consistent 

procedure when growing Tkbe in a hatchery for feeding to marine finfish larvae. This 

study has dernonstrated that either T-Iso or a dry diet consisting of Culture Selco and 

Nannochloropsis paste are suitable for the culture of Tisbe for feeding to larval fish. 

There is considerable evidence to show that copepods and specifically Tisbe have 

potentid use in aquaculture (Kahan et al, 1982; Nanton et al, 1996; Stettnip, and 

Norsker, 1997; Nanton and Castell, 1998; Nanton, and Castell 1999). One of the main 

challenges to incorporating them into a l a n d  feeding regime is that it is currently 

impractical to grow them in the quantities needed by most hatcheries (Kahan et al, 1982). 

At current production levels, it is not practical to use copepods as the only food for 

marine fish larvae. However, if a time fiame can be identified when a highly nutrïtious 

diet is most critical to larval development, Tisbe may then be offered. (Statîrup et al, 



1998). Determining this tirne fiame wili be a matter of experimentation and wiil probably 

be different for different species of fish. Twbe has the potential to be a practical highly 

nutritious dietary supplement for larval dlefish, once the appropriate tirne fiame for 

offering this species to larvae is detennined. 

Another way to determine what dietary essential fatty acid content a lafval fish requires is 

to examine the fatty acid profiles of eggs and yok-sac larvae. One may speculate that the 

ideal diet for a l a n d  fish as its first exogenous nutrient supply should closely match its 

endogenous food supply. To investigate this, fertilized eggs and whole larvae were 

analyzed for fatty acid content, and the results summarized in Table 14. 

The larvae were sampled two days after ponding, one day before they were fed for the 

first time. It has been shown with gilthead seabream larvae that essential fatty acids, 

especially DHA, are needed at this stage for structural rather than energy purposes 

(Rodriguez et al, 1994). One would therefore expect the fatty acid profile of whole 

iarvae to reflect the actual amount required in their diet, as the effect of larvae 

metabolizing essential fatty acids for energy purposes would be minimal. For the l a r d  

sablefish sampled here, there are significant differences in the fatty acid profiles of larval 

sablefish and sablefish eggs. EPA content of sableSsh is reduced as they develop fiom 

eggs to larvae, while DHA content remains the same when measured as a proportion of 

dry weight. This preferential retention of DHA also indicates that it is the more critical 

essential fatty acid for structural purposes as larvae develop h m  eggs to larvae (Koven, 

et al. 1993). Ideally, the yolk sacs alone wouid have been sampled, as this would have 



been a good indication of the CO- larval fish nutritional requirements at the start of 

feedîng. However, these r d t s  from whole larvae samples, combined with wild 

calanoid wpepod nauplii data, can be used to indicate the composition of the natural 

larval sablefish diet. 

The results of the enrichment experiments in this study indicate that Aquagrow and 

Ngarnac enrichrnents result in rotifers that are best suited for feeding to larval fish. It 

should be noted, however, that the enrichment that produced the rotifer with the highest 

DHA content, Algamac 30 10 Flake, caused mortality of rotifers when used according to 

the manufacturer's instructions. 

Procedures for growing rotifers are well established. The standard diet for rotifers is 

either yeast alone, or a combination of yeast and algae (Walford and Lam, 1992). Yeast 

does not contribute to the essential fatty acid content of rotifers, but it can greatly 

increase the population density (Nagata and Whyte, 1992). There are some problems 

when using yeast, such as higher level of detritus accumulating in culture tanks. Addition 

of yeast to a semi-continuous rotifer culture causes clurnps of yeast and algae to form in 

the water, and these are difficult to remove as they are sunilar in particle size to rotifers. 

For this reason a batch approach is used for the production of large quantities of rotifers 

that are fed yeast (Walford and Lam, 1992). 

As larval sablefish grow, they are weaned fiom a diet of rotifers to a diet of Artemia. 

Sablefish larvae are weaned in this way because they requin a larger food particle size as 



they grow, and because Artemia are much easier to produce than rotifers. in general, 

Artemia have a higher fat content than rotifers, which is why it is important to not wean 

the larvae ont0 Artemia kfore  they are able to survive on this diet. In gmeral, enriched 

Artemia are a poorer diet for larval fish than enricheci rotifm because of higher total fat 

content, and a hi& content of indigestiile material (reviewed by Rainuzzo et al, 1997). 

Conversely, Artemia have potential to be a vehicle for delivering thetapeutics to larval 

fish (Sureyya and Chu, 1994; Hontoria et al., 1994) 

Artemia, when introduced to a l and  fish rearing tank, also have the potential to affect the 

bacterial ecosystem of the tank (reviewed by Planas and Cunha, 1999). Artemia cultures 

typically contain a large number of Vibrio spp., which bloom during hatching because of 

glycerol released when the Arîemia cyst breaks (Lavens and Sorgeloos, 1996). ViMo 

spp. has been identifie. as a pathogen in larval fish (Grisez et al, 1 996). To counteract 

this, some Artemia enrichments contain disinfectants which reduce the bacterial 

population. In this Project, the only enrichment to contain such a disinfectant was DC 

DHA Selco. 

Furthmore, during the stages when rotifers and Artemia are being fed to larval fish, the 

larvae themselves are developing their own gut flora. The feed which they consume 

during this stage is critical in determinhg the make-up of this gut flora (Ringra and 

Gatesoupe, 1998). It may therefore be possible to use rotifers and Artemia as a vehicle 

not only to deliver essential nutrients to larval fish, but also to deliver probiotic bacterial 



strains which oould then contribute to the gut flora of the larvae, resulting in healthier fish 

(Skjenno and Vadstein, 1999). 

This study has examined the fatty acid profiles of live feeds that am be fed to larval fish. 

As previously discussed, there are several criteria that can be applied to fatty acid data to 

detemine an ideal diet. These data include a bigh DHA content, low total fat content, 

and a close match to the fatty acid profiles of lamal fish and species of zooplankton 

similar to those consumed by larvae in the wild. While it is difficult to determine how 

critical the dietary ratio of DHA to EPA is to the survival of larval fish, it is known that 

larval marine fish do require more DHA than EPA, and if this ratio is ever less than one, 

as  in the case of Super Selco-e~ched rotifers (Table 3), l a n d  fish survival will be low 

(Ibeas et al. 1997; Rodnguez et al 1997). However, the ratio of DHA to EPA cannot be 

used as the only criteria for detennining the suitability of food for larval fish. While ratio 

can give an indication of the quality of the fat content of the diet, it does not give an 

indication of the actual amounts of essential fatty acidç being delivered to larval fish. 

Using the previousiy describeci criteria, this stuày has s h o w  that rotifers enriched with 

either Algamac 2000, Algamac 30 10 Flake or Aquapw afkr being grown on a diet of 

yeast and T-Iso are the most suitable for initial feeding of larval sablefish. As the larval 

sablefish grow, they are weaned ont0 a diet of Artemia that have been enriched with 

either Algamac 30 10 Flake or Aquagrow. During a critical p e r d  which occurs at the 

end of the yoik sac-stage, when the fish are in ûansition fiom endogenous to exogenous 

feed, they should be fed as many small copepods as possible. The experiments to 



determine how long enrichments last in rotifers (Table 2) and Arîemio (Table 10) indicate 

îhat zooplankton enriched with Algarnac flalce or Aquagrow retain much of their essential 

fatty acids up to 12 hours after they have been rernoved h m  the enrichment media In 

Artemia, EPA appears to be lost at a faster rate than DHA, and this agrees with results of 

similar experiments with other Artemia emichments. (Estévez et al., 1998, Evjemo et al, 

1997) 

Though this study has detennined ideal diets for larval sablefish, more research is 

indicated. One of the important determinations to be made is how diets of different fatty 

acid content will effect lmai  fish. An experiment involving different diets fed to separate 

groups of larvae in large larval reaxing tanks will be required. 

In 1998, the first sablefish were reared to the juvenile stage by feeding them a diet of 

rotifers enriched on alternate days with Super Selco and DHA Selco. They were then 

weaned ont0 Arternia enriched with the same products. Ln 1999, a much higher survival 

of sablefish larvae was achieved using more rigorous cleaning procedures in both live 

feed preparation and in fish husbandry, and b y using some of the diets found to be 

suitable during the course of this study. 

Live food nutritional quality is only one aspect of ongoing research to develop sablefish 

aquaculture. Broodstock and egg quality, egg incubation procedures, larval tank 

management, and live fesd preparation will al1 contribute to increasing the survival of 

larval sablefish. 
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