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Abstract 

Nursery culture of the sea scallop, PIacopecten magellanicus, is an important 

transitional phase in hatchery-rearing practices. The Belleoram Sea Scallop Hatchery 

utilizes the fm-based mesh equipment as the nursery. The purpose of this study was to 

examine growth rates and recovery of scallops in the farm-based nursery. These factors 

were monitored with respect to time of year, depth, gear rnesh size and type, stocking 

density, and time of deployment. Rernote setting. hatchery flow-through options and 

amrnonia toxicity were also studied for nursery-sized scallops. 

Growth rates of nursery-sized scallops dropped over the winter followed by an 

increase in the spring. Recovery of scallops (number of live scallops still in equipment 

after mortality and loss through mesh), however. decreased in the aunim. and leveled off 

over the winter, which was attributed to handling practices, including the need for 

acclirnation. Growth rates and recovery were highest in the scallops deployed in the 

largest mesh size which may bave been due to better food availability as well as better 

acclimation by larger scallops. Growth rates were higher in 3.0 mm pearl nets than 3.0 

mm collecter bags. however, they exhibited the sarne recovery. The difference in growth 

rnay be explained by gear design. No differences in food quantity or temperature existed 

between 5 and 10 m. however. growth rates were greater at 5 m where fouling was always 

higher than 10 m. Recovery was similar at both depths. Fouling-induced flow reduction 

(thus better exploitation of food) or food quality may have influenced growth rates at 5 m. 

No density dependent effects were noted between 2600 and 5200 spatfbag. Deployment 

of remote set-or nursery-sized scallops in early to late surnmer dlowed them to have 

. * 
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supenor growth rates and recovery than deploying during the a u m m  when temperame 

and food quantity and quality have dropped. Practicing temperature acclimation and 

feeding scallops a diet high in essential fatty acids may improve growth and recovery 

during deployment to sub-optimal farm-based nursery conditions. Scallops held on mesh 

in flow-throtigh tanks exhibited higher growth than scallops on solid trays. Low growth 

rites overall in fiow-through tanks, however, suggests that flow-through may not be 

useful for enhancing growth of scailops in autumn sea water temperatures. Sumrnrr flow- 

through trials çhould be investigated. Ammonia toxicity bioassays suggest that scallops 

have an increasing toletance to ammonia with size and that feeding is influenced by the 

presence of Io w concentrations of arnrnonia. 

With this knowledge of important influences of the fm-based nursery. the 

operators of Belleoram Sea Scallop Hatchery should be able to develop new protocol for 

scallop nursery practices and thus improve the growth and recovery of their product. 
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Chapter One: 

Introduction to Nursery Culture of the Sea Scallop, Piampecten magellanicur 



1.1 Introduction 

The sea, or giant, scallop, Pkucopecten magellanicus, has been a candidate for 

aquaculture in Atlantic Canada for twenty years(Naidu 1991). As with any aquaculture 

endeavor. the industry has been dependent on a supply of seed. In some areas of Atlantic 

Canada the supply through natural collection is suficient (Couturier et al. 1995). In 

Newfoundland, however, because there is low natural seed supply, there is a need for a 

hatchery. A commercial hatchery in Belleoram, NF was established to supply the scallop 

spat demand of the industry. Unfortunately, growth and suMval have been limited in 

hatchery-reared spat due to inadequate nursery culture techniques. 

Nursery culture is the rearing of post-larval scallops to a size that is easily handled 

by growers. Nursery-culture strategies must take into account the size of the scallops, the 

cost and maintenance of equipment, labour involved in operating the system, the cost of 

operating the system, and the quaiity of the environment within the culture system as well 

as the environment to which the system is exposed. Scallops have been reared in land- 

based nursery ponds, upwellen, downwellers, and raceways, and ocean- or farm-based 

mesh equipment including pearl nets and collector bags (Claus 198 1 ; Boume and 

Hogdson 199 1 ; Anderson and Naus 1993). 

Reports on the utilization and success of nursery strategies for P. magellanicus are 

scant (Young-Lai 1989; Neima and Kenchington 1997). The nursery strategy at the 

Belleoram Sea Scallop Hatchery (BSSH) was a combined hatchery-rearhg on trays in 

tanks to 3 mm in shell height followed by transfer to collector bags and par1 nets to 

ovenvinter spat at a fann-based nursery for scallops >3 .O mm. This protocol was 



inadequate because scallops were transferred late in the autumn or early winter which 

resulted in slow growth and high mortality. 

To get reliable numbers of spat to a size that can be handled by growers, growth 

and swival  of nursery stage scallops had to be improved. This involved an investigation 

into the influence of the spatial and temporal parameters involved in the development of 

commercially acceptable nursery culture strategies. 

1.2 S e i  Scallop Biology and Fishery 

The sea scallop is a benthic bivalve that is found fiom Cape Hatteras, North 

Carolina, to the Strait of Belle Isle, at depths of >50 m and 2-100 m, respectively 

(Appendix 1.1 ; Couturier et al. 1995). Phytoplankton, which is its main source of food, is 

selected fiom al1 potential food particles in the water column (Shurnway et al. 1987; 

Beninger and LePennec 1991). The quantity and quality of food of an environment 

determines growth rates of sea scallops (MacDonald and Thompson 1985a; MacDonald 

and Ward 1994). Depending on environmental conditions, sea scallops fully mature in 3 

to 5 years or >80 mm in shell height, after which they are marketable (Parsons et al. 1992; 

Davidson and Poussart 1998). Sea scallop biology has been explored in geai  detail and 

is discussed by Naidu (1 991), Black et al. (1 993)' and Couturier et al. (1 995). 

The natural life history of the sea scallop is well-known. The sea scallop is a 

highly fecund, dioecious species (Langton et ai. 1 987; Barber et al. 1 988; Couturier and 

Newkirk 199 1). Synchronized spawning of males and females is cued by temperature, 

salinity, dissolved oxygen, pH, presence of gametes, tidal events, phytoplankton, water 
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flow, and mechanicd shocks (Parsons et al. 1992; Davidson et al. 1993; Couturier et al. 

1995). Spawning events occur from August to October although spawning also occurs in 

June in Nova Scotian and western Newfoundland stocks (Dupaul et al. 1989; Dadswell 

and Parsons 1 992a, b; Davidson et al. 1993). Fertilization success, which depends on 

proximity of gametes in the water column, results in the development of veliger lamae 

(Orensanz et al. 199 1 ; Couturier et al. 1995). These larvae remain in the water column 

for 35 days when settlement, metamorphosis and byssal attachment to substrates can 

occur (Figure 1.1 ; Culliney 1974; Couturier et al. 1995). Post-settled scallops, or spat, 

prefer to attach to filamentous substrates although attachent generally lasts until they 

reach 5 mm shell height (Naidu et al. 198 1 ; Black et al. 1993; Parsons et al. 1996). Sea 

scallops are able to swim by water propulsion through the valves, which allows them to 

move fieely to avoid predation or unfavourable environmenta! condition (Dadswell and 

Weihs 1990). Scallops less than 15 mm shell height are, however, inefficient swimmers 

(Manuel and Dadswell 1991). As they get older (>80 mm shell height) they swim less 

(G. J. Parsons, pers. comm.). Natural mortality, as high as 80%, may be due to rapid 

temperature changes, low oxygen levels, disease and predation (Couturier et al. 1995). 

Scallops are the most important commercial molluscan species in Canada with a 

1996 Atlantic Canada production of over 59 000 metric tonnes of live weight 

(Department of Fisheries and Oceans Statistics Board 1999). High scallop production 

(>90000 mt in Atlantic Canada) made the sea scallop the number one scallop in worid 

production from 1976 to 1987, contributing 30% of the annuai world production of 

scallop species maidu 199 1). In some years, P. magellanicus contribution reached 50%, 

however, percentages have declined recently due to increased world-wide production of 
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other scallop species through both fisheries and aquaculture (Naidu 1991). Sea scallop 

catches also exhibit cyclical variations every 9, 18 and 2 1 years as a result of 

hydrographie, tidal or climatological conditions (Black et al. 1993). The main market for 

Canadian scallop landings is the United States where the value is between $1 0-201kg for 

adductor muscle meats depending on supply and demand (Couturier et ai. 1995). 

The sea scallop is an ideal candidate for artificial rearing. The variability in catch 

from natural stocks. the high value of the product, the well-known life history, the 

feeding, temperature and salinity requirements, and fast growth to market size are al1 

features that have lead to the development of culture practices of the sea scallop. 

1.3 S e i  Scallop Aquaculture 

Culturing scallops in suspended cages or nets of various mesh sizes substantially 

reduces Ioss of scallops to bottom predation, byssai detachment and swimming. Wild 

collected seed, or spat, are transferred to intermediate culture in pearl nets or trays and 

then final growout in pearl nets, lantems nets, ear hanging, trays, etc., depending on the 

desired final size. A reliable spat supply plays an important role in making sea scallop 

culture a viable industry. 

Attempts at wild collection indicated the unreliability of a wild-collected seed 

supply in Newfoundland (Dabinett and Couturier 1994). Spat were fust collected for 

scallop culture in 1968 by Mernorial University (Couturier et al. 1995). Despite poor 

collection fiom wild sources, interest in culture of the sea scallop was perpetuated by 

fluctuations and depletion of naturai fisheries catch. Scallop culture has persisted despite 
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limited seed supply (Figure 1.2). Other areas in Atlantic Canda were found to have a 

reliable seed supply (Dadswell 1989), however, not enough to supply the demand. 

The well known early life history of sea scallops gave the species potential for 

investigating hatchery culture at Mernorial University commencing in the 1970s. 

Université du Québec à Rimouski and Dalhousie University in Nova Scotia also showed 

interest. By 1995, Nova Scotia and Newfoundland had commercial hatcheries. In the 

autumn of 1996, the Nova Scotian hatchery ended production while at St. Augustine, 

Quebec, PecNord established a private scallop hatchery. The hatchery in Belleoram, 

Newfoundland, has initiated research of nursery culture techniques with this study. 

1.1 Scallop Nursery Culture Strategies 

Various definitions exist for nursery culture of bivalves, the most general being 

the handling of post-larvae until they reach juvenile or intermediate growout size (Mercer 

198 1). Ventilla (1 982) defines i t  as the stage between 1 and 5 cm shell height for 

naturally collected spat of the Pacific scallop Patinopeclen yessoensis while Mercer 

( 1  98 1) divides nursery culture into early stage (post-larvae to 2-3 mm shell height), 

intermediate stage (2-3 mm to 10-1 5 mm shell height), and late stage (1 0-1 5 mm to 40 

mm shell height or 113-112 growout size). Bourne and Hodgson (1 991) divide nursery 

culture of hatchery-reared Patinopecten yessoensis and Crassadorna gigontea into 

Primary stage (Phase 1-metamorphosis to 1 mm shell height, and Phase II- 1 mm to 10 

mm shell height) and Secondary stage (10 mm to 40-50 mm shell height or growout size). 

For the purposes of this study, the nursery stage of sea scallops which is 
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undefined, but precedes intemediate culture (initial size of 5-1 0 mm), will be divided 

into Phase 1 (metamorphosis to 1.4 mm shell height) and Phase II (1.4 to 7 mm shell 

height). This is on the basis of spat >1.4 mm shell height being the minimum size that 

can be held in 1.2 mm (on the diagonal) mesh equipment available at the Belleoram 

hatchery for farm-based deployment. Spat >7 mm shell height are large enough for 

growers to hold in 4.5 mm mesh equipment thus will be considered to be the intermediate 

culture size. 

Scallops have been reared using a variety of nursery strategies. Patinopecten 

yessoensis and C. gigantea have been reared in tanks of filtered and unfiltered seawater 

enhanced with cultured food, fami-based mesh cages held on long lines, upwellers or 

downwellers which consist of scallops set on mesh-lined containers in which water either 

flows up or down through mesh, and ra-eways or long troughs in which scallops are set 

on bottom as water flows over them in one direction (Bourne and Hodgson 1991). On- 

shore ponds with enriched natural production have been used for Chlamys varia and 

Pecten mmimus (Mercer 198 1 ; Rodhouse et ai. 1 98 1 ; Andersen and Nam 1993). 

Argopecten irradiam has been reared in raceways, ocean pens or mesh nursery cages, 

upwellers, and tanks with cultured phytoplankton (Rhodes et al. 198 1 ; Karney 199 1). 

The purpose of the nursery is to minimize impact of transfemng scallops fiom the 

hatchery to the grow-out environment (Bourne and Hogdson 1991). Direct placement of 

hatchery-reared scallops into growout results in reduced growth and swival  rates. 

However, a transitional phase, or nursery, is required where large numben of scallops are 

stocked in a protected environment so they can acclimate to growout environment 

conditions with minimal mortality and maximal growth (Claus 1981). Like any stage of 
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culture, the nurses. growth should take minimal tirne to reach intermediate size 

(Dadswell and Parsons 1991). The nursery strategy thus must address the effects of 

intemal and extemal factors of the nursery culture environment on scallop performance, 

usually growth and survival. Some factors to consider are nursery location, and the 

possibility of environmental disturbances, as well as specific temporal and spatial 

environmental concerns including seasonal variations in food, temperature, fouling and 

predation, depth, gear type and stocking density. 

#en choosing a nursery strategy the most important factor to consider is food 

availability (Claus et ai. 1983). Large scale production of microalgae for bivalve seed 

production is regarded as the main constraint in hatchery production due to light and 

water heating limitations as well as being one of the most expensive areas of production 

at 30% of total operational costs (Coutteau and Sorgeloos 1991). In addition, gmwth and 

survival of spat are limited in nursery strategies that are extensions of hatchery conditions 

because food quality ( ie. algal species, size, essential fatty acid component) is inadequate 

for spat growth and development and thus cannot be overcome by feeding excessive 

amounts of larval food (Claus 198 1 ; Young-Lai and Aiken 1986; Whyte et al. 1992). 

0 ' ~ o i ~ h i l  et al. (1990) found that a diet of cultured microalgae supplemented with natural 

phytoplankton resulted in better scallop growth and swival  than feeding solely on 

cultured aigae. It is not unexpected then that the trend in nursery culture is to feed spat 

partially or exclusively on natural phytoplankton due to lower costs and better growth and 

survival (Coutteau and Sorgeloos 199 1). 

Few reports cite strategies used for sea scailop nursery culture. An experimental 

sea scallop hatchery at île-de-la-~adeleine used mesh-lined baskets in flow-through tanks 
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with cultured phytoplankton for nursery culture (Young-Lai 1989). Fisheries Resource 

Development Limited (FRDL) set sea scallop larvae on Chinese hat collecton which 

were transferred to the fami-based nursery after 10- 14 days (Neima and Kenchington 

1997). The BSSH sets spat on flat trays in static water, aerated tanks with 100% water 

change every three days and also has focussed some efforts on downwelling and raceway 

systems. Scallops are held in these systems up to 3.0 mm shell height and are then 

transferred to the ocean in collector bags or pearl nets until the following summer. 

1.5 Sea Scallop Nursery Culture: Belleoram Sea Scallop Hatchery Experience 

The earliest scallop nursery practices used the naturai environment for growth of 

naturally caught spat held in suspension. This dates back to 1935 when the Japanese used 

cedar twigs for natural seed settlement (Ventilla 1982). As technology improved and 

equipment was rnodified, fine mesh collector bags (rectangular 0.4 m x 0.8 m nylon mesh 

bag with draw string) filled with 500 g of gillnet, cornrnonly called onion bag collectors, 

were utilized. Many scallop hatcheries have adapted sirnilar nursery strategies for 

hatchery-reared spat. Some hatcheries choose to set spat directly on filamentous 

substrates (NetronB, gillnet, Kinran@, Chinese Hats, V e x d )  which are then transferred 

to growout in fine mesh equipment while other hatcheries grow spat in tanks to a size 

where they can be placed directly in the fine mesh and transferred to growout without 

falling through (Bourne and Hogdson 199 1 ; Karney 199 1 ; P. Dabinett, pers. comm.; R. 

Ganison, pers. cornrn.). 

Of the few reports available on the success of nursery strategies for scallops, the 
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fm-based nursery offers the best growth and survival rates (Bourne and Hogdson 1991). 

Initially, the operators of the Belleoram Sea Scallop Hatchery (BSSH) chose to combine 

an extended hatchery-rearing phase up to 3 mm shell height in tanks with transfer to 

collector bags in bread trays held on long-lines at a farm-based nursery for culture of P. 

mageilarzicus. This strategy was chosen due to the success of pilot scale hatchery trials 

(Dabinett 1989), proximity and access to a fm-based nursery, low transfer costs, low 

operation costs, and limited handling. 

High mortality and poor growth during the first production season (1995) at 

BSSH emphasized the need for studying nursery culture strategies for Plampecten 

magellanicus. With several options available for nursery culture, and costs to consider, 

the operators decided to refine the fm-based strategy as well as investigate other low 

cost options. 

This study has three objectives. The pnmary objective of this study was to 

improve growth and survival of nursery-sized scallops in the existing fm-based nursery. 

This was achieved by determining the optimal initial size of scallops, stocking density, 

equipment type and mesh size, and depth for deployment to the farm-based nursery. The 

second objective was to determine the window of opportunity for deployment on the 

fm-based nursery through evaluating the effects of seasonal changes in environmentai 

conditions on growth and survival and to consider the possibiiities of expanding the 

window by remote set options with scallop larvae. The final objective was to determine 

the potential growth rates and recovery of scallops in a hatchery-based flow-through 

nursery system in which scallop diet was a combination of naturai and cultured 

phytoplankton. A preliminary objective for the flow-through was to determine the 



ammonia toxicity of spat with respect to holding in static or non-flow-through systerns. 

Tbe studies that encompassed these objectives intend to address many of the questions 

regarding farm-based nursery culture and possibilities for hatchery-based nursery options 

of sea scailops. 



Chapter Two: 

Influence of Initial Size, Depth, Gear Type and Stocking Density on the Growth 

Rates and Recovery of Hatchery-reared Sea Scallop, Placopecten magelhznicus, on a 

Farm-based Nursery 



2.1 Introduction 

Growth rates and survival determine the feasibility of species for aquaculture 

inciuding sea scallops. Physiological activity, which subsequently detemines growth and 

sumival, is affected by biotic and abiotic factors in the culture envuonment and by 

husbandry decisions. The uncontro llable natural factors that exhibit vary ing conditions of 

environmental quality that affect the growth rates and swiva l  of scallops in culture 

include water temperature, food availability, salinity, and fouling. Other factors that the 

grower controls inciude initial size, depth of culture, culture method, equipment mesh 

size, gear type and stocking density. Variations of these factors can be evaiuated such 

that the more enhanced growth and survival are, compared to natural conditions, the more 

suitable the environment and husbandry protocols for culture. Environmental quality and 

husbandry protocols are thus defined by their suitability for enhancing the growth and 

survivai of the culnired organism. 

Environmental quality is known to change seasonally and cannot be controlled by 

the grower (Cropp and Hortle 1992; Parsons and Dadswell 1992; Emerson et al. 1994; 

Thorarinsdottir 1994; Kleinman et al. 1996). Food quality and quantity and temperatures 

decline in the winter in Newfoundland (Dabinett and Clemens 1994; Navarro and 

Thompson 1995; Parrish et al. 1995; Pemey and McKenzie 1996; Dabinett and Clemens 

1997). Fouling, which is seasonal, affects growth and swiva l  of scallops by decreasing 

food and oxygen concentrations due to decreased water fiow through equipment mesh, as 

well as increasing cornpetition for food (Duggan 1973; Leighton 1979; Monical 1980; 

Mook 1981 ; Wallace and Reinsnes 1985; Wildish et al. 1988; MacDonald and Borne 

13 



1989; Bourne and Hodgson 1 99 1 ; Karney, 199 1 ; Thorarinsdottir 199 1 ; Cropp and Hortle 

1992; Hunter 1992; Côté et ai. 1993; Penney 1993; Claereboudt et al. 1994a; Lodeiros 

and Himmelman 1994). Other environmental parameten, including saiinity, dissolved 

oxygen, turbidity, and light intensity Vary seasonally and thus may influence the quality of 

the aquaculture site for growing shellfish (Dabinett and Clemens 1994; Dabinett and 

Clemens 1997). The efTects of seasonality c m  be studied by monitoring changes in 

growth and survival of scallops exposed to the seasonal conditions. 

Sea scallops grown in culture situations are not depth limited, however, increasing 

depth generally has lower environmental quality, although this may be site specific. 

Temperature and food availability diminish with depth and are limiting factors for growth 

and survival of scallops O(irby-Smith and Barber 1974; Leighton 1979; Monical 1980; 

Vahl 1980; Richardson et ai. 1982; Rodhouse and Gamiey 1984; Wallace and Reinsnes 

1984; MacDonald and Thompson l985a; Wallace and Reinsnes 1985; Hortle and Cropp 

1987; Dadswell and Parsons 199 1 ; Côté et al. 1993; Lodeiros and Hirnmelmann 1995). 

Scallop growth rates are higher in suspension than on the bottom (Duggan 1973; Leighton 

1979; Monicd 1980; Vahl 1980; Wallace and Reinsnes 1985; MacDonald 1986; 

MacDonald and Boume 1989; Lodeiros and Hirnrnelman 1994; Thorarinsdottir 1994). 

Fouling accumulation declines with depth which may be more conducive to culture 

practices (Duggan 1973 ; Leighton 1979; Monical 1980; Wallace and Reinsnes 1985; 

MacDonald and B o u e  1 989; Côté et al. 1993 ; Claereboudt et al. 1994a). 

Other factors that affect growth and survival can be controlled by the grower. The 

grower chooses initial size and stocking density as well as gear type and mesh size. 

These factors c m  also be studied for effects on growth rates and survival of sea scallop 
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spat. 

Rates of shell growth decline with increasing size in most bivalves (Seed 1976; 

Parsons et al. 1993; C. R. Newell, pers. comm.). Penney and Mills (1996) found that 

while large juvenile scallops maintain higher shell height after one year, smaller juveniles 

had higher growth rates and were able to catch up afier two years. Within a smaller size 

range, growth rates increased with size such that scallops at 300 Pm shell height had a 

growth rate of 3 0 pmld (1 0%/d) while scallops at 1 500 ,um shell height had growth rates 

0160 pm/d (4%/d; Parsons et al. 1993). For nursery culture, it would be usehl to know 

what the effect of initial size is on growth rates and survival of sea scallop spat. 

Stocking density determines the cost and time of production as a result of its 

effect on growth rates and survival. In intermediate culture, growth rates a ~ d  survival 

decline with increasing density (Duggan 1973: Ventilla 1982: Dadswell and Parsons 

199 1 ; Parsons and Dadswell 199 1 ; Dadswell and Parsons 1992a,b; Côté et al. 1993). 

Survival was not impacted in some midies even when densities were previously 

considered too high (Parsons and Dadswell 199 1 ; Dadswell and Parsons 1 992a,b; Penney 

1995). De tedn ing  optimal stocking densities is necessary to develop nursery culture 

protocols. 

Culture technique modification and use of a variety of equipment types have been 

studied to find ways of maximizing growth rates thus reducing cost of production 

(Wildish et al. 1988; Parsons and Dadswell 1994; Pemey and Mills 1996; Couturier et al. 

1997). The method of culture determines the growth rates of scallops in suspension. 

Studies in intermediate growout show that gear type influences growth rates due to 

different exposure to fouling, flow and handling (Parsons and Dadswell 1994; Penney 
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1995). In nursery culture, the time to reach the desued size should be minimized and thus 

gear type providing maximum growth rates are the preferred choice of culture method. 

Mesh size affects growth rates by altering food delivery to the scallops. Mesh 

reduces water flow due to the interference with the mesh materiai, hence the smaller the 

mesh size, which has the highest amount of material per unit area, causes the greatest 

reduction of water flow (Walker et al. 199 1 ; Cole et al. 1996; Devaraj and Pmons 1 997; 

Brake and Parsons 1998). Fouling reduces flow even more by blocking the mesh 

openings when the equipment is suspended in the ocean (Devaraj and Parsons 1997). In a 

farm-based nursery strategy, mesh size is important as water flow and fouling can not be 

controlled very well by the grower until the culture environment is better understood. 

The present study was initiated to evaluate farm-based nursery strategies for P. 

magellanicus. The objective of this study was to determine optimal growth and s w i v a l  

rates of scallops in a fm-based nursery on the ba i s  of initial size, stocking density, 

deployment depths, and gear type. Environmental water characteristics were monitored 

through the studies. The specific hypotheses tested were: 

(1) If growth rates of nursery-sized sea scallops cultured in suspension are influenced by 

environmental parameters (especially food density and temperature) then it is expected 

that growth rates will be Iow in the winter when quality and quantity is lowest. 

(2) If swiva l  of nursery-sized sea scailops held in suspension culture is influenced by a 

sudden decrease in environmental quality from hatchery to nursery environments then it 

is expected that survival will decline initially then stabilize thereafter. 
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(3) If growth rates of nursery-sized sea scallops held in suspension culture increase with 

increasing shell height and growth rates and survival depend on flow of water through 

equipment for food replenishment then it is expected that growth rates and survival will 

be highest in the largest initial sim class which is held in the largest mesh equipment. 

(4) If growth rates and survival of nursery-sized sea scallops held in suspension culture 

are influenced by temperature and food density, then the highest growth rates and survival 

will be at 10 m depth where slightly lower temperatures cause less fouling which will 

allow higher water flow thus higher exploitable food density due to the replenishment of 

food. 

(5) If growth rates and survival of nursery-shed sea scallops are influenced by water 

flow. then the growth and survival will differ in pearl nets and collector bags where 

structural designs (mesh size and shape) of each, thus water flow through them, is 

di fferent. 

(6) If scallops are stocked at a density where food and space are limiting then growth and 

survival of scallops at the higher density are expected to be lower than at the low density. 



2.2 Materials and Methods 

Three studies were initiated to examine factors that may influence growth rates 

and survival of sea scallops in a farm-based nursery. The fmt study, which begm in 

October 1996, examined initial shell height and mesh size with depth and seasonality. 

The other two studies, a gear type study and density study, began in October 1997. Al1 

three studies were conducted on the same study site. 

2.2.1 Study Site 

The experiments were carried out at Shell Fresh Farms Ltd., Pool's Cove, 

Newfoundland, at the head of Fortune Bay in North Bay (47'42' N, 55" 26' W; Figure 

2.1). Bottom substrate consisted of sand or gravel. Southwest winds prevailed over the 

site (D. Caines, pers. corn. ) .  There was no winter ice other than skim ice on the site. 

The north east section of the site, however, had fieshwater influence from the Bay du 

Nord River. Usable depth ranges were from 3.5 m to 24 m in the water colurnn. nie 

projects were located in Ladder Garden and were deployed on a shore to bottom long-line 

at 3 m from the surface in a depth of 14 m (Figure 2.1). Ladder Garden was sheltered 

from the southwesterly winds. The long-line was 400 m long with 360 m of work space. 



2.2.2 Initial Shell Height and Depth Shidy 

Experimen~al Design and Set-up 

This study examined four factors that affect fm-based nursery growth rates and 

survival. They were: initial size of scallops, mesh size of equipment, effects of 

seasonality, and depth of deployment. Four initial size ranges were chosen based on the 

ability to grow spat in the hatchery and availability of equipment at the hatchery. The 

size class treatments were 1.4- 1.7 mm shell height, 1.7-2.0 mm shell height, 2.0-3.0 mm 

shell height, and >3.0 mm shell height (Appendix 2.1). The mesh size corresponded to 

the size classes. The four mesh sizes of equipment that were compared were 1.2, 1 5 2 . 0  

and 3.0 mm on the diagonal (Appendix 2.1). Four replicates of the 1.2 and 2.0 mm mesh 

equipment and three replicates of the 1 .j and 3.0 mm mesh equipment were held at each 

of two depths, 5 and 10 m. These depths were within the usable depth range on the 

aquaculture site as well within food and temperature limits. There were four sarnple 

dates, about every ten weeks. 

Spat were raised at the Belleoram Sea Scallop Hatchery (BSSH), Belleoram, NF, 

from spawning batches during June 1996 at 15 O C  and fed 40 cells/pL of a mixture of 

cells. Scallop that had senled were removed from tanks by brushing or by strong water 

currents. Spat were screened on 3.0 mm and 2.0 mm V e x d  mesh and 1.2 mm (1.7 mm 

diagonal), and 1 .O mm (1.4 mm diagonal) Nitex@ mesh (Appendix 2.1 and 2.2). Thirty 

spat From each size class were measured with Vernier calipers for initiai shell height 

(distance between ventral margin and dorsal hhge; 0.1 mm accuracy). Due to preparation 
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tirne, spat were held in mesh containers at dense conditions in aerated static water tanks 

until transfer to the nursery the following day. 

Scallops were transferred to the nursery site in water. Scallop densities were 

determined volumetrically (Appendix 2.3 a, b). They were below the generally accepted 

floor coverage limits of 30% for scallops (Appendix 2.4). Collector bags of 1.2 and 2.0 

mm mesh were stuffed with I m of Netron@ tube (Appendix 2.5) and held on bread trays 

(69 cm x 57 cm x 15 cm) to prevent collapsing. Trays were deployed in stacks of four. 

Pearl nets with 1.5 mm and 3.0 mm mesh were tied in strings of three. An extension of 

rope joined two sets of pearl nets or collector bags so that each string had a treatment at 5 

and 10 m. Rocks in sacks were tied to trays at 10 m fiom below for negative buoyancy. 

Sampling Protocol 

Sampling of the treatments was every ten weeks. Fouling of gear was measured 

as were scallop shell height and recovery. Fouling was removed fiom each unit by 

washing with water and filtering ont0 a 106 Pm screen. Fouling organisms were sub- 

sampled (cl % of total quantity) and preserved in vials of 40% methanol for identification 

(South 1975). The remaining bulk was frozen for iater weighing of dry mass. Dry mass 

was determined by drying to constant mass at 80 'C for 24 hours and weighing to 0.0001 

g (Appendix 2.6). Sumival was sampled by emptying and counting al1 spat fiom each 

unit. For collector bags, total number of spat was measured volumetrically and sub- 

sarnpled by volume (-1 .O rnL) to count for live spat present (Appendix 2.6). Al1 live spat 

and empty valves were counted for pearl nets. Shell height of live (n=30) and dead 



(s10)  were measured in each unit. Scallops in 3 .O mm mesh were not sampled in July 

1997. 

Water quality at the farm-based site was monitored with a conductivity, 

temperature, depth rneter (Sea Logger CTD with additionai sensors; Model No. SBE 25- 

03) monthly. Using this device, temperature ( O C ) ,  saiinity , oxygen concentration (mg/L 

and % saturation), chlorophyll-a concentration (pg/L), optical back-scatter (OBS) or 

nirbidity (fomazin turbidity units; FTU) and irradiance (light intensity; microeinsteins) 

were measured in the water column down to a depth of 14 m. #en animals were 

sampled, temperature and salinity profiles of the water colurnn down to 14 m were 

obtained with a YS1 Model No. 30 S-C-T Meter. Characteristics of the water colwnn 

were used for comparing the two depths and the seasonality of growth rates and sumival. 

Dota A nalysis 

Growth, survival? fouling and siltation data were standardized (Appendix 2.6). For 

fouling and siltation rneasurements, it is assumed that because dl units were treated the 

same during handling that they would have lost an equal proportion of fouling and 

siltation present hence the portion that remains would still be comparable amongst the 

units. Interval growth rates refer to those growth rates between sample dates. The total 

number of scallops retrieved in the initial shell heightldepth study depended on mortality 

due to poor acclimation or predation, or loss of scallops through the mesh. Because a 

substantial portion of the scallops were lost through mesh their survivorship was 

unknown and thus can't be used to ascertain an overall survival rate per unit. Survival 
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implies the number of live scallops as a percentage of the total number of scallops 

retneved afler the treatment period while recovery implies the total number of live scallops 

afler the treatment period as a percentage of the initial number of scallops stocked per 

unit. Recovery is the best estirnate of scallops acailable to the grower based on the initial 

size and density. and the treatment used in the nursery stage. Recovery was cumulative 

from initial depioyment to date sampled. Ail percent data were arcsine-square-root 

transfonned pnor to statistical analysis (Sokal and Rohlf 1995). Fouling and siltation 

accumulations were based on unit area due to the different sizes of the pearl nets and 

collector bags. Data were analyzed using the SPSSO statistical package (Version 8.0). 

Three-way ANOVAs were performed to determine the overall potential effects of 

depth, mesh/initial size and date on variability of growth and survival. Post-hoc Tukey-B 

tests were performed to detemine significant CiifFerences among treatments. 

Environmentai data were analyzed using descriptive statistics to determine if differences 

existed between the two depths. The relationship of growth and suMvai to environmental 

factors was explored using regression and correlation analysis. 

2.2.3 Gear Type Study 

Experirne~iral Design ami Set- iip 

This study compared growth of the sarne size class of scallops in two gear types; 

3 .O mm mesh pearl nets and 3.0 mm mesh collector bags. Pearl nets (35 cm x 35 cm 



base) are the traditional gear used for growing scallops, however, the collector bags 

(onion collector; 40 cm x 80 cm) are effective gear for collecting spat in the wild. The 

collector bags were filled with 1 m of NetronB tube instead of gillnet and placed in 

ordinary bread trays. This allowed the collector bags to be supported which prevented 

crowding in corners. n i e  bread trays also protected the collector bags against direct 

fouling. The pearl nets, with their pyramidal shape, had direct exposure to water flow 

while the collector bags, which were rectangularly-shaped, were shielded fiom water flow 

by the bread trays. These two gear types were studied for their effectiveness at 

rnaximizing nursery growth of scallops. Six replicates of each treatment were used. 

Scallops were obtained from the BSSH. They had been transferred to the farm- 

based nursery in early September 1997 and were sorted on October 24. They were size 

graded to obtain scallops between 3.3 and 6.4 mm shell height. An initial sarnple (n=90) 

was arbitrarily taken from the size-graded scallops for shell height measurements. The 

scallops were then stocked into gear by volume to anain equal coverage (Appendix 2.4). 

The pearl nets were stocked at approximately 500 spathet and the collector bags at 

approximately 1200 spathag. Six pearl nets (three per string) and six collector bags (two 

per tray) were deployed on a long line at 5 m on the fm-based nursery (Ladder Garden) 

on Shell Fresh Farms Ltd., Pool's Cove, NF' on October 26, 1 997. 

Sarnpling Protocol 

The scallops were sarnpled on May 17, 1998. Scallops were emptied fiom each 

rrplicate and counted for survival. Thirty scallops fiom each replicate were also 
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measured for shell height (distance between ventral rnargin and dorsal hinge; 0.1 mm 

accuracy). Fouling was cleaned fiom equiprnent, frozen and later dned and weighed. 

Fouling was oven dried at 80°C until a constant weight was reached. 

Data Analysis 

Analyses of variances were performed on shell height, recovery and fouling data 

due to gear type. 

2.2.4 Density Study 

Experirnenral Design and Set-up 

Densi ty in collector bags was studied using two treatments; 5200 spat/collector 

bag, which was the density used by BSSH, and 2600 spatkollector bag. It was unknown 

whether 5200 spat/collector Iimited growth thus the lower density was also investigated. 

Percent floor coverage was below reported limits for stocking densities of scallops. 

Scallops deployed in early September 1997 by BSSH were obtained and re-sorted 

for this study on October 24. Scallops were size-graded between 2.0 and 3.3 mm shell 

height (Appendix 2.2). Initial shell height was measured for 90 arbitraily sarnpled 

scallops. Scallops were stocked at 2600 and 5200 spathag by volume in three replicates 

each of 2.0 mm collector bags at floor coverages of 5.02 and 10.04%, respectively, and 

deployed on October 26, 1997. 



Scallops were sampled on June 25. 1998. Scallops were emptied kom each unit 

and counted for survival. niirty scallops h m  each unit were measured for shell height 

(distance fiorn ventral margin to dorsal hinge; O. 1 mm accuracy). 

Data Analysis 

Analyses of variances were performed on shell height and recovery data to 

determine variation due to density. 



2.3 Results 

2.3.1 Initial Shell Height and Depth Study 

Growth Rates 

Initiai scailop shell heights were significantly different among size classes (One- 

way ANOVA: F = 327.523, d.f.=3, 1 16, P <0.001). Shell height increased over the 

experiment testing the effect of mesh size, depth and seasonality (Figure 2.2). Overall 

mean growth rate for scallops in this expenment was 20.15i2.06 (*S.E.) pm/d. Multiple 

ANOVA, with an unequal sample size, indicated that there were significant differences in 

growth rates due to date, depth and mesh size, which takes into account initial scallop 

size (Table 2.1). No significant interactions existed among these parameters. Growth 

rates were highest at 5 m. The highest overall interval growth rate was for the May to 

July interval which had a mean of 43.77 pmld (Figure 2.3). Al1 other growth intervals 

had statistically similar interval growth rates with the lowest being fiom November to 

March at 1 6.07 p d d .  Tukey 's-B test indicated that the 3 .O mm pearl nets had the highest 

mean interval growth rate overall at 40.79 pmfd (Figure 2.3). The lowest interval growth 

rate was for 1.2 mm collecter bags (22.79 pmld) aithough no significant differences 

existed among interval growth rates for the three srnailest mesh equipment. 



Recovery 

Final mean recovery was 57.45*0.037% for al1 treatments. Multiple ANOVA 

indicated that there were significant interactions in recovery data due to date and 

equipment (Table 2.2). Date by equipment interactions were also significant. One-way 

ANOVAs confirmed the relationships found in the MANOVA. Again, date (One-way 

ANOVA; F= 1 1.476, d.f.=3,100, P<0.00 l), and equipment (One-way ANOVA; F= 

14.322, d.f.=3,100, Pc0.001) were significant, but depth (One-way ANOVA; F=0.232, 

d.f.= 1,102, P=0.63 1) was not significant. The highest recovery was after the October to 

November interval at 75.58*0.035% (Figure 2.4). The lowest recovery was in July at 

49.86*0.018%, however, this value did not include the scallops in the 3.0 mm pearl nets. 

The 3 .O mm pearl nets had the highest recovery at 8 1.57% (Figure 2.4). The 1.5 mm 

pearl nets had the lowest recovery at 45.8 1 %. 

May recovery was highest in the 3.0 mm pearl nets (83.29%) and lowest in the 1.2 

mm collector bags (43.67%) although this was not statistically different fiorn the 1.5 mm 

pearl nets or the 2.0 mm collector bags (Figure 2.4). Equipment mesh size had a 

significant influence on the May recovery of the scallops, however, depth did not account 

for any significant variation in May recovery (Table 2.3). 

Measurements of the dead scallops were made throughout the study. Figure 2.5 

indicates that the shell heights of the dead scallops in the three smdlest size classes was 

not very different fiom theu initial shell heights. There were no significant differences 

between the means of the initial scallop shell height and dead scallop shell height in the 

May 1997 for the 1.2 mm (Independent t-test; ~ 0 . 7 9 4 ,  d.f .4 38, P=0.429), 1.5 mm 



(Independent t-test; t-1.414, d.f.=80.134, P-O. 161), or the 2. O mm (Independent t-test; 

~ 0 . 8 3 0 ,  d. f.= 128.360, P=0.408) mesh equipment. There was a significant difference 

between the initial live and final dead shell heights of the scallop in the 3.0 mm 

equipment (Independent t-test; t-6.980, d.f.=5 1.423, P<0.001). 

Water Quality 

Water temperature decreased from October until Febmary, level off until June and 

then began to nse (Table 2.4). The highest temperature, 11.1 O C ,  was recorded at 5 and 

10 m in October when the study was initiated while the lowest temperature recorded, 

1.3 O C ,  was recorded in April at 5 m (Table 2.4). Temperature was equal at both depths 

except From December to May when it was just barely higher at 10 m. 

Chlorophyll-a concentrations remained low from October until March. A high of 

4.1 pgL at 10 m was measured in Apnl which resulted in the March to May interval 

having the highest chlorophyll-a concentration (Table 2.4). Chlorophyll-a was higher at 

5 rn than 10 m except during March and April. 

Other environmental factors were measured to determine if the farm-based 

nursery was of high water quality over the study period. Dissolved oxygen concentrations 

were steady with a slight increase in the spring (Table 2.4). The lowest saturation was 

measured in June at 77 % saturation at 5 m while the highest of 97 % was aiso in June at 

10 m. Mean dissolved oxygen concentration over the study was 6.7 mglL or 90.75 % 

saturation. Dissolved oxygen was higher at 10 m in the autuma and spring, but the same 

as 5 m during the winter. Turbidity declined until spring with an overall average of 7.72 



FTU (Table 2.4) and was similar at 5 and 10 m throughout the study. Salinity was 

consistently within sea scallop tolerance range (Bergman et al. 1996). Salinity ranged 

fiom a hi& of 33.2 at 10 m in February to a low of 26.4 at 5 m in May. There was a 

slight increase over the study period (Table 2.4). Salinity was slightly greater at 10 m than 

5 m throughout the study. Light intensity peaked in March and declioed to lowest values 

in April (Table 2.4). Light intensity was consistently higher at 5 m throughout the study. 

Interval growth rates were negatively correlated with dissolved O, and turbidity 

(Table 2.5). Recovery correlated with al1 parameters except dissolved 0, (Table 2.5). 

Mucro fouling 

Macrofouling species present on each piece of equipment were identified (Table 

2.6). The early colonizers in the late autumn were bivalve spat at low densities. The sea 

star, Asterias vulgaris, which is a predator of sea scallops, was found on al1 sample dates. 

The checklists of species present indicated that biofouling occurred on al1 equiprnent 

types and was greatest on the pearl nets (Table 2.6). 

The nets having greater than 2.5 mg dry weight (dry wt.)/cd fouling were heavily 

fouled (75% coverage) with a thick algal layer, which may have senously impaired water 

flow. Fouling between 1 and 2.5 mg/cm2 corresponded to between 33% and 75% 

coverage (Table 2.7). Lesser amounts of fouling were due to light silt and juveniles of 

various species which would not impede water flow as much. 

Macrofouling for al1 gear types fiom October to July averaged 0.8 mg dry wt./cd. 

Macrofouling was significantly influenced by date, depth and equipment mesh size (Table 
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2.8). Significant interactions between factors existed, however, one-way ANOVAs 

confirmed the significance of date (One-way ANOVA: F=7.088 , d.f.=3,100, P<0.00 1 ), 

equipment (One-way ANOVA: F=8.468, d.f.=3,100, P<0.001) and depth (One-way 

ANOVA: F= 4.845, d.f.=1,102, P=0.030). The macrofouling was highest in July 1997 at 

1.94 mg dry wt./cm2 as it had been accumulating since October 1996 (Figure 2.6). 

Lowest fouling occurred in November at 0.07 mg/cm2. Highest macrofouling was 

measured in the 1.5 mm pearl nets at 2.22 mg/cm2 (Figure 2.6). The 2.0 mm collector 

bags had the least fouling overall which was statistically similar to fouling on the 3.0 mm 

peul nets and 1.2 mm collector bags (Figure 2.6). Macrofouling at 5 m was more than 

double that at 10 m and highest on the 1.5 mm and 3 .O mm equipment after deployment 

fiom October 1996 to May 1997 (Figure 2.6). 

Silt was defined as al1 particles that passed through a 106-km-mesh screen. Mean 

silt accumulation over the study was 0.92 mg dry wt./cm2. Silt accumulation was 

significantly influenced by date, depth and equipment mesh size (Table 2.9). Interactions 

between these factors were also significant, however, one-way ANOVAs confïrmed the 

significance of date (One-way ANOVA: F4.835 , d.f.=3,100, P=0.00 1 ), equipment 

(One-way ANOVA: F=25.670, d.f.=3, 1 00, P<0.00 1) and depth (One-way ANOVA: 

F=6.146, d.f.=l ,102, P=O.O 1 5). The highest overall accumulation of silt occurred by May 

1997 at a mean of 1.33 mg dry wt./cm2. The least mean accumulation was measured in 

November 1996 at 0.49 mg dry wt./cm2. Highest siltation was measured in the 1.5 mm 
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pearl nets at 1.80 mg ds, wt./cm2. The 1.2 mm and 2.0 mm collector bags had the least 

siltation. Silt accumulation at 5 m was 1.1 1 mg dry wt./cm2 which was more than the 

0.72 mg dry wt./cm2 measured at 10 m (Figure 2.7). Silt accumulation fiom October to 

May was highest on the 1.5 mm mesh pearl nets (Figure 2.7). Silt accumulation was 

higher at 5 m. 

2.3.2 Gear Type Study 

Fouling had accumulated on both the 3.0 mm pearl net and collector bag gear 

types (Figure 2.8). It was significantly higher in peul nets than collector bags (One-way 

ANOVA; F=38.675, d.f.=l,lO, P<0.001). 

Shell height of scallops in both gear types increased over the winter (Figure 2.9) 

Mean growth rate of scallops in the gear type study was 46.53 pm/d (Figure 2.10). 

Significant difierences in final shell heights were due to gear type (Two-way ANOVA, 

F=69.870, d.f.=l, 360, P<0.001) and replicates (Two-way ANOVA, F=5.364, d.f.=3,360, 

P<O.OO 1). The significant difference in replicates was due to differences found in pearl 

net replicates (Table 2.1 O), however, pearl net replicate means were greater than the 

means of the collector bags. Variation in pooled data was due to gear type (One-way 

ANOVA, F= 66.212, d.f.=l, 358, P<O.i)Ol). The 3.0 mm pearl nets had the highest 

growth rates . 

Mean percent recovery for the gear type study was 92% (Figure 2.10). Gear type 

significantly influenced recovery (One-way ANOVA; F= 0.732, d.f.4 , 1 O, P =O.412). 



2.3.3 Stoc king Density Study 

Growth occurred in scallops in the collector bags at both densities over the period 

of October 1997 to June 1998 (Figure 2.1 1). There were no significant differences in 

replicates so they were pooled (Two-way ANOVA, F=0.252, d.f.=2,180, P=0.778). 

There was no significant difference between final shell heights at the two densities (One- 

way ANOVA; F4.196, d.f.4, 178, P=0.276). Growth rates of the 2600 spat/ bag and 

5200 spathag were 2 1.3 and 23.8 prnld, respectively (Figure 2.12). 

Recovety declined to 57% over the study. Recovery for 2600 and 5200 spat/bag 

was 56.5 and 58.0%, respectively (Figure 2.12). The recovery was not significantly 

different between the two densities (One-way ANOVA; F= 0.303, d.f.=1,4, P=0.611). 



2.4 Discussion 

2.4.1 Growth Rates 

Growth rates were f o n d  to vary due to season, depth, mesh or initial size, and 

gear type. No differences were observed in growth rates due to density. The variation in 

growth rates due to season, mesh size and gear type were expected, however, the 

variation in growth rates due to depth and density were unexpected. 

Throughout this study three observations, aside fiom the ones reported in this 

chapter, were made. First, similar size spat appeared to have predictable growth rates 

from year to year which was obvious fiorn observing sirnilar size classes over two 

consecutive yean. Second, growth rates of the scallops were within the range of cultured 

nursery-sized scallops and wild scallops from other studies (Table 2.1 1). The third 

observation was that growth rates of nursery-sized scallops in Newfoundland were lower 

than those reported for similar sized sea scallops in Passamaquoddy Bay, N.B. (Parsons et 

d. 1993). These differences rnay be explained by the study period and site specific 

parameters (ie. temperature, current velocity. food quality, etc.) which may be different. 

2.4.2 Recovery 

Recovery was found to Vary due to two factors examined in this study. 

Differences in mean recovery were caused by season, and mesh or initial size, but not 

depth, gear type or density. The influence of season, and mesh or initial size was 
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expected. However, the lack of variation due to depth, gear type and density was not 

expected. 

In addition to the examined factors. important observations were made regarding 

recovery. Recovery of nursery-sized scallops was much lower than in juvenile or final 

growout strategies (Table 2.1 1), but higher than in the first production season at the 

Belleoram Sea Scallop Hatchery (IO%, pers. obs.). Small scallops are handled in larger 

quantities hence screening may be less efficient than that of lower quantities of larger 

scallops. The higher recovery than the previous production season at BSSH may be due 

to bctt-r health overall as in the first year of production scallops were in poor health due 

to poor water circulation in tanks and deployed much later in the year (P. Dabinett, pers. 

comm). Low recovery in nursery culture is comrnon because not enough is undentood 

about nursery rearing of scallops in general. An example of another scallop species with 

low recovery during nursery culture is Putinopecten yessoensis with less than 5 % 

recovery in the nursery stage (O'Foighil et al. 1990; Bourne and Hodgson 199 1). 

2.4.3 Seasonal Effects on Growth Rates and Recovery 

Noticeable changes in environmental parameters occurred throughout the study, 

although they were not beiow limiting values. Temperature and chorophyll-a 

concentrations declined fiom October to Febniary, remained low until June and began to 

rise again. This winter cycle is characteristic of Atlantic coastal areas, e.g., Mahone Bay, 

N.S., where Dadswell and Parsons (1991) studied htermediate sea scailop culture, 

although the winter temperatures in Newfoundland are a bit lower. Growth rates of the 
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scallops show a similar seasonal pattern of decrease until March followed by an increase 

over the rest of the study. This suggests that food density and temperature may have a 

positive effect on growth rates as when they are too low, little or no growth will occur. 

Loss of scallops was inevitable in the farm-based nursery. One hundred percent 

recovery was not expected because of the lack of knowledge about sea scallop nursery 

culture protocols in addition to limited records of environmental data at the nursery site. 

Percent recovery leveled off through the winter (the &op in July may be explained 

by the loss of the 3.0 mm mesh equipment which had high recovery) and the majority of 

dead scallops in May were similar to deployment size which suggests the impact of a 

deleterious factor early in the study. Poor handling, specifically size grading, may have 

resulted in the loss of scallops early in the study (Appendices 2.4 and 2.6). Time of 

transfer rnay explain the mortality event early in the study in two aspects; the ability of 

the scallops to acclimate to sudden and declining conditions; and the presence of sea 

stars, potential predators, during their natural settlement in the nursery environrnent. 

These time of transfer factors will be discussed in Chapter 3. To assess loss and mortality 

due to handling, sarnpling must be carried out shortly after deployment, however, it is 

necessary to ensure 100% of the scallops are aiive before deployment. 

Effects of Food and Temperature Changes on Growth Rates 

Nursery-sized sea scallops exhibited seasonal growth patterns. This is expected as 

growth rate of sea scallops depends on the suitability of the environrnent and the 

integrated response of physiological activities of the organisrn (MacDonald and 
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niompson 1985a,b; Hilbish 1986; Dadswell and Parsons 1992a,b; Parsons and Dadswell 

1992). Enhanced productivity reflects more favorable food supply and/or temperature 

regimes of the nanual growing environment @adswell and Parsons 199 1; Côté et al. 

1993). High growth rates in the present study corresponded to high temperature and food 

density . 

Temperature and food density have been s h o w  to influence growth in other 

pectinids including Pecten fumatus (Cropp and Hortle 1992), Patinopecten yessoensis 

(Boume and Hodgson 1991), Queen scallop Chlamys opercularis (Richardson et al. 

1982), C. islandica (Vahl 1980; Wallace and Reinsnes 1984; Thorarinsdottir 1994), 

Pecten maximus (Wilson 1987) and Adamussium colbecki (Stockton 1984). Vahi (1980) 

specifically attributed food related growth differences to particulate inorganic matter 

(PIM) content which dilutes the particulate organic matter (POM) making clearance less 

efficient. 

Other studies have found no seasonal change of growth rates of scallops which 

may be attributed to a constant anay of phytoplankton supplying metabolic needs and 

growth potential (Anderson and Naas 1993; Emerson et al. 1994). Tropical species may 

exhibit this growth pattern due to the constancy in availability of food. According to 

Kirby-Smith and Barber (1 974) and Palmer and Williams (1 980) Argopecten irradions 

c m  retain more srnall particles like microalgae when they are abundant suggesting that 

growth is possible throughout the year, even when food quality may be low. However, 

growth rings do occur in bay scallops which suggests seasonal variations hence 

extrapolations fiom laboratory situation are not always applicable to n a d  occurrences. 

The specific influence that temperature and food have on growth of sea scallops is 
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not fully understood. For instance, Kleinrnan et al. (1996) indicated the influence of 

temperature was greater than total particulate matter (TPM) on growth, however, Parrish 

et al. (1995) speculate the importance of a specific essentiai fatty acid 22:6m3. 

MacDonald and Thompson (1 985a) previously concluded that food was more important 

than temperature for sea scallop growth. Further research is needed to understand the full 

relationship between temperature and food quality and how it affects growth. 

Effeci uf Handling on Recovery 

Handling can be an important source of mortality (Ventilla 1982; Wildish et al. 

1988). Survival tends to decrease iittle after the first sarnpling interval when handling is 

the principle cause of moriality (Dadswell and Parsons 199 1 ; Parsons and Dadswell 1991 ; 

Dadswell and Parsons 1992a,b; Toro et al. 1995). Juvenile sea scallop mortality, caused 

by handling, normally ranges from 7-9% (Parsons and Dadswell 1992; Pemey 1993). 

Size grading was an avoidable area of loss of marginally sized scallops (Appendix 

2.7). Preliminary calculations fiom size grading alone indicated the possible loss of 

66.000 spat (13.7%). Slight fluctuations in the recovery indicate the variability in the 

counting rnethods of the smallest size class. Variable loss also occurred through the 1.5 

mm mesh of the pearl nets which was distorted and larger than it should have been in 

several places (pers. obs.; see aiso Section 2.4.5). Loss due to size grading can be 

avoided by ensuring that screens are not blocked by excessive numbers of scallops or by 

having a larger size differentiai between screening mesh and equipment mesh. 

Sarnpling technique may explain the high recovery of scallops in the 1.2 mm 
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collecter bags in November. Two of the four replicates from the November sample were 

analyzed by a different person which resulted in higher recovery measurements than what 

was volumetrically placed in bags (given 100% recovery in statistical analysis) and the 

recovery in the other two replicates (72.6 and 76.4%). The differences may be explained 

by the "approximate numbers" of scallops initially stocked in each bag and the 

differences in sampling technique by different individuals. Sarnples were taken prior to 

stocking to determine how much volume of spat was necessary to get the desired density 

as well because of the limited supply of scallops only one sample of actual spat volume 

was sen. Theoretically, recovery could have been >100%. Spat sampling by volume 

can be highly variable thus protocol should be consistent to be precise, but it is possible 

that other faster precise methods of electronically or volurneûically counting large 

numbers of bivalves are needed. At the commercial level this would be useful also from 

an economic perspective such that stocking densities thus m u a i  financial projections 

can be more accurate. 

2.4.4 Depth Effects on Growth Rates and Recovery 

Reduced growth rates are associated with deep water due to decreasing food 

density and temperature (Leighton 1979: MacDonald and Thompson 1985a; Young-Lai 

and Aiken 1986; Wildish et al. 1988; Claereboudt et al. 1994a; Dabinett and Clemens 

1994: Dabinett and Clemens 1997). However, similarity in environmental conditions at 

different depths can also occur (Richardson et al. 1982; Wallace and Reinsnes 1985; Côté 

et al. 1993). Wallace and Reinsnes (1 985) found the same temperature occurred at al1 

38 



depths, but gowîh in Icelandic scallops was highest at 5 m. Leighton (1979) found that 

food densities were consistent to 60 m. Few differences in environmental parameters 

measured existed between the depths in the present study due to a minimal spatial 

separation nor did parameters go below acceptable levels for scallop culture. 

The water column at Shell Fresh Farms Ltd., Pool's Cove, NF, was not stratified 

over the study between 5 and 10 m. Due to the minimal spatial separation, food density, 

temperature and salinity were similar between the depths. Light intensity, however, was 

always lower at 10 m than at 5 m which may explain the why less algal fouling was 

present at 10 m than 5 m. Only during the spring bloom were there noticable differences 

in oxygen (lower at 5 m) and chlorophyll-a (higher at 10 m) concentrations betwecn 

depths which may have been due to the depletion of nutrients near the surface i.e., 5 m. 

Growth rates of scallops varied between 5 m and 10 m despite the quantitative 

similarities in environmental conditions. Limitations in growth rates at 10 m were most 

obvious in the largest size class (Figure 2.3). Variation in growth due to depth occurs 

occasionally (Leighton 1979; Ventilla 1982; Wallace and Reinsnes 1985; MacDonald 

1 %6), but not always (Duggan 1973; Monical 1980; Richardson et al. 1982; Wallace and 

Reinsnes 1984; MacDonald and Thompson 1985; Walker et al. 1991; Cropp and Hortle 

1992; Côté et al. 1993). It depends on spatial separation of animais and site 

hydrodynamics. The potential factors in this sîudy may be higher food quality, food flux 

and/or higher exploitation of food at 5 m due to reduced flow by fouling organisms. 

Variation in recovery was not influenced by depth. Emerson and Grant (1992) 

found similar results. Mortality, however, has been inversely related to depth due to 

lower wave action (Duggan 1973; Lodeiros and Himmelman 1995) or a direct 
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relationship between depth and deterioration in food and temperature (Dadswell and 

Parsons 1991; Côté et al. 1993; Gaudet 1994). This suggests that any wave action that 

rnay have occurred at 5 m or potential detenoration in food quality at 10 m was not 

enough to cause mortality. The loss of scallops through the mesh rnay not be influenced 

by depth either. 

Others have also found fouling to cause lower survival in scallops (Duggan 1973; 

Heffeman et ai. 1988; Thorarinsdottir 199 1 ; Lodeiros and Hirnmehan 1994) unlike this 

study and one by Cropp and Hortle (1992). Fouling rnay have affected food quantity or 

quality (see Section 3.4.3). 

Effecis of Food Quality on Growth Rutes and Recovery 

Although chlorophyll-a was similar at the two depths, food quality and flux rnay 

have been lower at 10 m. Quality of food, defined as the potential nutritional value, is 

depth specific and is dependent on the relative phytoplankton composition present. Food 

flux, defined as total available food based on food concentration and water flow, rnay be 

higher near at the surface where wind, wave and tidal exposure is greatest. Chlorophyll-a 

has been found to be maintained with depth while POM increases while in other cases 

PIM increases and carbon decreases with depth (Rodhouse and Gaffney 1984; Wallace 

and Reinsnes 1984; Toro et al. 1995). Potentially higher PIM, which is heavier and 

settles out faster, at 10 m rnay have diluted food and reduced total energy available to the 

scallops causing reduced growth. This was the cause of low growth in Osnea chilensis at 

lower depths (Toro et al. 1995). Cornpetition and selective feeding by fouling organisms 
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on specific particle size ranges may alter food quality and flux (Mook 1981). Although 

seston was not analyzed in detail, the increased variety of fouling organisms at 5 rn rnay 

suggest higher food quality and flux at 5 m. Food quality (ie. species present, nutritive 

value of food, POM, PIM, etc.) at Shell Fresh Farms Ltd. needs analysis tG determine any 

differences between 5 and 10 m. 

Eflects of Fou f ing and Water Flow on Feeding and Growth Rates 

Fouling and light intensity were the ody  two environmental factors measured that 

were consistently different between depths throughout the study. Individual wavelengths 

of light penetrate to specific depths which limits the growth of light-dependent algal- 

fouling with depth. Decreases in fouling due to depth are cornmon (Leighton 1979; 

Monical 1980; Wallace and Reinsnes 1985; MacDonald and Bourne 1989; Côté et al. 

1993; Claereboudt et al. 1994a). In the present study, decreased fouling with depth was 

attributed to decreased light penetration because the majorîty of fouling was macroalgal 

species which require light for growth and survival (Table 2.4). 

Fouling, which occurs on any unprotected solid surface in the sea, is an important 

limitinp factor in suspension culture of many bivalves (Wildish et al. 1988; Wahl 1989; 

Mallet and Carver 199 1 ; Claereboudt et al. 1994a). Côté et al. (1 993) suggest that the 

effects of temperature and food may be negated by fouling. However, that would imply 

that in this study higher growth should have occuned at 10 rn where fouling was less. In 

addition to competing for the same source of food (Mook 1981; Lesser et al. 1992; Côté 

et ai. 1993), fouling can reduce water flow in both artificial and naturai situations (Côté et 



al. 1993; Claereboudt et al. 1994a; Devaraj and Parsons 1997). A reduction in water flow 

consequently decreases food flux. 

Current velocity affects feeding and thus growth of scallops (Cahalan et al. 1989; 

Wildish and Saulnier 1992). In the laboratory, sea scallop growth is limited by water 

fîow greater than 20 cmls and less than 6 cmls because they do not or cm not feed 

(Wildish and Kristmanson 1988; Kea-Howie et al. 199 1). Similar effects have been 

found in the southem bay scallop, Argopecten irradians concentricus jKirby-Smith 1972; 

Eckman et al. 1989). In flume tanks, scallop feeding rates depend on food density and 

flow steadiness and velocities, however, little research has been conducted in naturd 

settings where currents are changing al1 the time (Wildish and Kristmanson 1988; 

Wildish et al. 1992). Clearance rates adjust to ambient flow, however, filtration may be 

hindered by velocities above a relatively low threshold value (Wildish et al. 1992). Low 

water flow can become limiting due to lack of replenishment of food and filtration of the 

same water mass within pearl nets (Mook 198 1 ; Wildish and Kristrnanson 1985). Kean- 

Howie et al. (1 99 1) found that scallops grow best in 10 cm/s velocity and 20 mg 

microparticulate dietll. Wildish and Kristmanson (1 985) found that a decrease in current 

speeds from 10 to 7 cm/s results in increased growth. Such a reduction in water flow c m  

occur in scallop culture gear by a reduction in the mesh size of the enclosure or by an 

increase in the extent that the enclosure is fouled (Cole et al. 1996; Devaraj and Parsons 

1997). Highrr fouling at 5 m may have dampened the water flow to rates that allowed 

better exploitation of the food present. More investigation into the effect of dynamic flow 

in natural environrnents is necessary to con fm these speculations. 

The negative buoyancy of the equipment studied kept it well-below the surface 
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which suggested that the effects corn surface waves were minimal if at dl ,  as the nursery 

site was fairly sheltered at the head of a bay. Wave action did not have any effects on C. 

islandica either (Wallace and Reinsnes 1985). Surge effects on the purple-hinge rock 

scailop, Hinnites muliirugosus, were experienced at the surface, but became reduced at 

depth (Monical 1980). Duggan (1973) found that disturbances fiom wave action were 

reduced with depth which resulted in good growth. This suggests that wave exposure is 

important in assessing the usefulness of an area for a farm-based nursery. More data 

needs to be collected on the wave action on the fm-based nursery. 

2.4.5 Effects of Initial Size on Growth Rates and Recovery 

This study found that the largest nursery-sized sea scallops grew almost hvice as 

fast and had 33% higher recovery than smailer scallops. Growth rates were consistently 

higher in increasing size classes although they showed no significant differences in the 

three smallest size classes. Recovery was statistically similar in the three smallest size 

classes and lowest in the 1.5 mm pearl nets. 

Growth patterns found in the present study are similar to post-larval scallop 

growth patterns. In post-larval scallops, the smaller size class has lower growth rates 

whereas in juvenile scallops, the smaller size classes have higher growth rates (Parsons et 

al. 1993; Penney and Mills 1996). Dadswell and Parsons (1991) indicate that cultured sea 

scallops have increasing growth rates until they are about 16 to 18 months which may 

explain the difference between post-settied and juvenile sea scallop growth patterns. 

Similar pattems are exhibited in other species. Juvenile eastem oyster and bay scallop 
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growth rates decrease over time while the growth rates of the giant clam, Tridacna gigas, 

are low until five months after metamorphosis (Crawford et al. 1986; Rheault and Rice 

1 996). 

Having been deployed in farm-based nursery conditions different than the 

hatchery, the sea scallops did not have a chance to increase growth rates until the 

following spring and they may have suffered mortality. Low growth rates and recovery in 

the smallest size classes may have been due to size grading, mesh flaws, poor condition 

and lack of acclimation when coming from the hatchery, and size-selective predation 

(Appendix 2.7). Size grading may explain part of the loss of the scallops in the two 

smallest mesh sized equipment. An estimate was calcukted of the loss of scallops 

through rnesh due to undersize individuals in the initial sample (Appendix 2.7). This 

suggested that the 1.2 and 1.5 mm mesh gear had relatively high percentages of 

undersized spat thus was expected to incur the greatest loss. Effects of acclimation and 

predation will be discussed in Chapter 3. 

Effect of Mesh Size on Growth Rates and Recovery 

Mesh size has been found to give varying results on survival for scallops. Two 

size classes of sea scallops grown in 4.5,6 and 9 mm pearl nets resulted in high survival 

with neither mesh size nor initial size having any effect (Penney and Mills 1996). Walker 

et al. (199 1) found that scallops survive poorly in 3 mm pearl nets in cornparison to 6 and 

9 mm pearl nets, but there was greater loss through mesh of the 3 and 6 mm pearl nets. 

This was the case for the three srnallest mesh sizes in this study. The low recovery may 
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be explained by these losses. The loss may be due to inadequate sorting of smaller 

animals which would allow for a relatively larger loss through mesh, predation and 

naturd mortality . 

The 1.5 mm pearl nets were a special case as they expenenced the highest loss 

through mesh as a result of equipment construction. The greatest loss occurred in the fust 

sarnple interval. The manufachiring of these peul nets resulted in a distorted weave, 

which caused the mesh to be larger than was expected, and a large hole around the central 

cord of the pearl nets, both of which were potentiai places for loss. 

Mesh size affects growth rates by limiting the arnount of water and thus food that 

can pass through any given piece of equipment. As mentioned in Section 2.4.2, scallop 

growth is influenced by water flow due to the replenishrnent of food. Cole et al. (1996) 

found that the reduction in water flow through pearl nets was inversely related to mesh 

size. This was due to the smaller mesh having more material to block the flow. 

Cashmore et al. ( 1 998), however, found no di fferences in growth rates of wild scallops 

grown in two mesh sizes. In my study, scallops held in the largest mesh had the highest 

growth rates. 

Mesh becomes less efficient in allowing water flow when it becomes fouled 

(Devaraj and Parsons 1 997), however, there was no pattern of fouling with regard to 

mesh size in this study possibly due to the use of different types of equiprnent for the four 

mesh sizes (Figure 2.6). Reduction in flow of water by fouling becornes more limiting 

for growth within smail mesh holdings due to lower food replenishment and alteration of 

the particle size spectrum due to cornpetition for food by the fouling community (Wildish 

et al. 1988; Mallet and Carver 1991; Claereboudt et al. 1994qb). The growth rates of the 
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three smallest size classes were equal hence it rnay be that there was no difference in the 

fiow rates between the three mesh sizes. The 3 . 0 . m  mesh had larger openings that even 

when partially blocked by fouling rnay have allowed suficient replenishment of food. 

Smaller mesh also has more material to block water fiow (Cole et al. 1996). The 

limitations of small mesh emphasizes the need to transfer scallop to larger mesh gear as 

soon as possible. 

Eflecr of Siltation on Growth Rotes and Recovery 

Build up of silt rnay be a problem with fine meshes. Silt accumulation can build 

up on the smaller openings obstructing flow which is further reduced by the relatively 

larger amount of equipment material. Macroalgal fouling rnay also cause silt and fecd 

matter to accumulate (Leighton 1979). Small bay scailops and rock scallops experience 

high mortality due to silt (Duggan 1 973; Monical 1980; Rhodes et al. 198 1). On the 

north-east Coast of Newfoundland, the ratio of PIM to POM is highest during spring and 

December which coincides with rainfall and influence of silt fiom fieshwater runoff 

( P e ~ e y  and McKenzie 1996). Silt quantity is higher near bonom where survival of 

Argopecten irradians is low (Duggan 1973). Any effect of siltation rnay have been on 

the 1.5 mm mesh bag where fouling and siltation on the bag were hi&. This suggests 

that not only could silt be collected on the mesh, but food aiso, thus allowing less to pass 

through to the scallops. This would have impacts on survival as well as growth. The 3.0 

mm mesh pearl nets had extensive silt collection on the outside of the bag, however, its 

larger opening rnay have prevented the screening of food which would allow higher 



growth. 

2.4.6 Effects of Gear Type on Growth Rates and Recovery 

Lower growth rates of scallops were observed in the collector bags than in the 

pearl nets, however, recovery rates were not different in the two gear types. Gear design 

may have initially created different patterns of flow for delivenng food, but perhaps 

fouling accumulation aided in the reduction of flow rate to be more suitable for expioiting 

food. Because of the set-up, collector bags in bread tray stacks did not accumulate 

fouling or have evenly distributed flow in the sarne way as pearl nets. This may give 

pearl nets the growth advantage. 

Scallop culture in different gear types leads to different growth rates. Penney 

(1993) found higher growth rates in pearl nets than lantern nets. Parsons and Dadswell 

( 1994) found that arnong round pearl nets, square peul nets, lantem nets, super lantem 

nets and Shibetsu nets, the super lantem net offered the best shell growth. Flow rates 

may explain the differences of growth in different gear types (Brake and Panons 1998). 

Flow velocities can be stifled by gear material. In 1 x 3 mm mesh pearl nets flow 

was reduced by 25-45%, depending on arnbient extemal flow (Cole et al. 1996; Devaraj 

and Parsons 1997). This is due to the actual percent opening being small due to the 

amount of material necessary to make the small openings; the actual reduction in the 3 x 

3 mm mesh pearl nets may not have been as high as there is only half the material used to 

make the small openings. Bread trays also reduce water velocity by 75% such that water 

flow is low on the side of the tray facing the current and high on the opposite or back side 
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of the tray (Brake and Parsons 1998). This is due to the solid plastic wdl  on the sides of 

the trays with no mesh openings. No studies have been conducted on reduction of flow in 

collector bags on stacks of bread trays, however, it is expected to reduce flow even more. 

It is known then that flow reduction does occur in the gear types studied, however, 

the extent is not known as current velocity data has never been consistently collected for 

Shell Fresh F m s  Ltd.. The angle of equipment on the long line suggests that currents 

are high as strings of pearl nets are usually drawn on an angle when tide is ebbing or 

flowing. The percent flow reduction is high in the collector bags in bread trays which 

rnay cause low replenishment of food to the collector bags resulting in lower growth. The 

low flow is expected to altemate back and forth from one side of the bread tray to another 

in conjunction with the ebb and flow of the tide. This rnay reduce growth due to the 

unsteady flow or lack thereof as suggested by Wildish and Knstmanson (1988) and 

Claereboudt et al. (1994b). The peul net were exposed to the same nanual flow 

reduction and tidal periodicity, however, superior growth was exhibited. Another factor 

such as the changes in flux within equipment may have caused the differences in growth. 

The higher rate of fouling accumulation in the pearl nets may be attributed to gear 

exposure. The pearl nets are exposed to settlement of organisrns through the water 

column on the slanted tops as well as on the sides. The collector bags are only exposed to 

fouling on the surface which itself is exposed to only a thin layer of water passing through 

the bread trays. Lower exposure combined with low water flow decreases the chance of 

fouling directly on equipment. The bread trays themselves are subjected to extensive 

fouling which may in turn reduce flow and food deliverance to scallops inside the stack of 

trays. This may impact both growth and recovery rates of scallops. Andersen and Naas 
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(1 993) found fouling higher on cages than pearl nets hence credited it for the differences 

observed in growth rates. 

Fouling can alter flow patterns in and around pearl nets as well as reduce flow 

velocity through them. Devaraj and Parsons (1997) found that fouling combined with 

mesh-induced flow reduction could be as high as 75% in 1 x 3 mm pearl nets (not quite 

this high in 3 x 3 mm mesh pearl nets). The effect on flow depends on the extent of 

fouling with slight fouling having very little effect. This difference is clarified by two 

studies of natural fouling. Andenen and Naas (1993) observed significantly different 

growth under pearl nets culture in light (1000 g wet weightl unit) to heavily (4000 g wet 

weightlunit) fouled conditions. Claereboudt et al. (1 994a) observed that where pearl net 

fouling ranged from none to little the growth of scallops differed by only 4.8%. Devaraj 

and Parsons (1997) fou1 that simulated high fouling covered rnost of the pearl nets and 

caused the highest reduction in the water flow which would support the reduced growth 

found by Andersen and Naas (1993). In the present study, the growth rates may have 

been high because the fouling was more comparable to Claereboudt et al. (1 994a) with a 

maximum 15 g dry weight and thus had little effect on the growth rates of sea scallops in 

peul nets. Also, the majority of fouling was algal species so there was no cornpetition 

for food. Accumulated fouling may have also dampened the periodicity of the tidal flow. 

No measurements of flow through fouled collector bags in bread trays have been 

done. Less fouling is observed on the collector bags, but the bread trays themselves were 

fouled. The combined effects of reduced flow by the trays and collector mesh as well as 

the fouling on the tray may reduce flow such that there is inadequate replenishrnent of 

food w i t !  the collector bags. Brake and Parsons (1 998) also suggested that because 
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bread trays show hi& variation in flow rate reduction due to position in the tray, growth 

rates of scallops will depend on their position in the tray, however, this did not happen in 

this study as indicated by low standard error of shell heights (Figure 2.2). This potential 

variability may have been avoided by the shifting of the flow with the periodicity of the 

tide or spinning of bread trays hanging on a long-line. 

Other studies have made observations on the survival of scallops held in different 

gear types. Penney (1993) did not observe significant differences in survival in different 

gear types either. Handling was attributed as the cause of mortality of scallops (Penney 

1993). Parsons and Dadswell(1994) found survival lower in round and square pearl nets 

and the super lantem net compared to the lantern net and Shibetsu net. However, they 

attributed these differences to the marginaliy sized scallops falling through the mesh as 

there were no empty shells to account for any mortality. The lack of difference in percent 

recovery in this study, despite differing growth rates due to limited food in the collector 

bags, suggests that low food density had little effect on the swival/recovery. 

2.4.7 Effect of Stocking Density on Growth Rates and Recovery 

Stocking density did not influence growth or recovery rates. This suggests that 

the densities may have been below actual limiting densities of floor coverage. Floor 

coverage being detemined by the biomass of scallops that can be grown in a Mt without 

limiting space or food before the next sorting. 

Gaudet (1 994), Parsons and Dadswell(1994) and Penney (1 9%) found similar 

results in growth rates in density studies of juvenile scallops. This contrasts with severai 



studies where increasing density decreases growth rates (Duggan 1973; Monical 1980; 

Dadswell and Parsons 199 1 ; Kingzett and Boume 1991 ; Walker et ai. 199 1 ; Widman and 

Rhodes 1 99 1 ; Parsons and Dadswell 1992; Côté et al. 1993; Penney 1993). Decreased 

growth rates rnay be explained by a lack of food resources due to hi@ density and 

reduction in space leading to increased contact which may cause shell breakage or less 

feeding due to imtation and retraction of the mantle (Parsons and Dadswell 1992; Côté et 

al. 1994). Both may explain negative relationship between shell height and density. 

The similar growth rates may have been due to the stocking densities being below 

critical densities for exploitation of available food. Scallops in the high density were 

below the Japanese limits for stocking density (33% floor coverage). In addition, with 

the loss of scallops due to mortality and falling through the mesh, there was also more 

food available per scallop that remained. The initial floor coverage dropped to 2.6 and 

5.5% for each density. The final floor coverâge was 23.4 and 45.5% for each density. 

The actual initial stocking density limits could be tested by cornparhg growth rates of 

lower and higher densities to densities studied. 

Studies have observed no effects on survival for different stocking densities 

(Heffeman et al. 1988; Walker et al. 199 1 ; Parsons and Dadswell 1992; Côté et al. 1993; 

Gaudet 1994). Higher density can be a problem when other factors corne into play such 

as wave action and fouling (Duggan 1973; Ventilla 1982; Dadswell and Parsons 1991 ; 

Widman and Rhodes 199 1). Fouling influences watw flow and food supply increasingly 

as it accumulates (Duggan 1973). At high densities, wave disturbance can wash scallops 

into confïned spaces (ie. corners of pearl nets) which causes mortalities when two 

scallops clamp other scallop shells causing soft tissues to be cut with shell rnargins 
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(called "knifing" and may also occur during handling) as well as by suffocation (Duggan 

1973). High survival of Patinopecten yessoensis occurs in areas of wave action, 

however, defomed scallops are observed when densities are high (Kingzett and Bourne 

1991). The cause of increased mortality in Pecten fumatus in high densities, however, 

could not be distinguished between density or fouling (Cropp and Hortle 1992). 



2.5 Conclusions 

Different growth rates, with respect to season, mesh size, depth and gear type 

were exhibited by nursery-sized sea scallops. These findings were expected although 

growth was predicted to be higher at 10 m than 5 m. Growth rates did not differ under 

diRering stocking densities which was unexpected although original stocking densities 

were not maintained. Recovery was influenced by season and mesh size which were 

expected. It was expected that depth, gear type and density would influence recovery, 

however, they did not influence recovery. 

As mentioned in the introduction, environmental quality and husbandry decisions 

are defined by the amount they enhance scallop growth and survival, in this case 

recovery. This study suggests that in a farm-based nursery situation the protocol for 

deployment of scallops needs to take into account size class and stocking density of 

scallops, and deployment depth, type and mesh size of equipment to optimize scallop 

growth and recovery. It can be concluded that the environmental quality in the 

auturnn/winter may noi be the highest due to the decrease in temperature and food in the 

environment as reflected in the low growth rates of scallops. This suggests that timing of 

deployment of scallops and the associated factors, particularly temperature and food, that 

fluctuate over time, and hence may influence growth and recovery of nursery-sized 

scallops. Research on this subject was conducted and is discussed in Chapter 3. 



Chapter Three: 

Effect of Deployment Date and Environmental Conditions on Growth Rates and 

Recovery and Potential for Remote Set of Hatchery-reared Sea Scallops, 

Plucopecten mugellanicus, at a Farm-based Nursery 



3.1 Introduction 

To accommodate the basic requirernents of a nursery, its purpose mwt be 

considered. A nursery fosters development of young animals. For scallops, it is the 

transitional period between a well-maintained hatchery setting and an uncontrolled 

growout environment. Any nursery is expected to be moderately controlled because of 

the transition from controlled to virtually uncontrolled environments. In land-based 

nurseries, environmental factors can be controlled, however, in an ocean or fm-based 

nursery, environmental factors cannot be maintained by a grower. This lack of control 

c m  be overcome by determining the predictability of environmental factors in the 

nursery. 

Determinhg the timing of deployment at the fami-based nursery is necessary to 

optimize growth rates of hatchery-reared Patinopecten yessoensis (Bourne and Hodgson 

199 1). Spat deployed during optimal food density and temperature have higher growih 

rates and recovery. For a temperate farm-based nursery, knowing when environmental 

conditions are optimal allows control of exposure fluctuating and declining conditions. 

The window of opportunity of deployment on the fm-based nursery must be 

determined by recognizing growth and recovery rates as functions of measurable naturai 

factors such as water quality. food availability and presence of potential predators over 

time. When adequate nursery accommodations are provided, growth rates are maximal 

and the time scallops spend in the nursery decreases. Risks of mortality should be 

minimal in the nursery also. When growth and m i v a l  become limited, field 

deployment is not viable. 



Limitations on the timing of hatchery production of molluscs large enough to go 

to the farm-based nursery cm be overcome by remote set (Nosho and Chew 199 1). 

When larvae are ready to settle or are "competent" they can be shipped to distant or 

remote areas where they are piaced in tanks containhg settlement substrate. After several 

days, the settlernent substrate can be removed fiom the tanks and placed in mesh bags and 

transferred to the fm-based nursery. This procedure, or modified procedures, has been 

used for oysters, clams, scallops and mussels (Nosho and Chew 199 1 ; Neima and 

Kenchington 1997; BCSGA 1998). Remote sening decreases the time that scallops are in 

the hatchery thus increasing the number of scallops that are deployed in optimal nursery 

conditions. It also makes culture possible where infi.astructure, facilities and resources 

for a full scale hatchery do not exist. This is common practice for a bay scallop hatchery 

in Nantucket where Vex& is preferred by larvae as settlement substrate (R. Garrison, 

pers. comm.). 

The optimal fm-based nursery requirements of hatchery-reared Placopecten 

magellanicus have not been studied. Determining the optimal timing of deployment of 

sea scallops to the farm-based nursery can be narrowed based on conditions derived from 

other growth and survival studies of scallops. 

Growth rates of scallops Vary seasonally due to natural fluctuations in food 

density and temperature (Kirby-Smith and Barber 1974; Vahl 1980; Chapter 2). Growth 

rates of P. magellanicus are highest in the summer and lowest in the winter (Dadswell 

and Parsons 1992ab; Côté et al. 1993; Kleinman et a1.1996) and show no increase during 

the aunimn bloom (Emerson and Grant 1992). Sea scallops in some areas of Atlantic 

Canada are able to naturally produce two cohorts of which the summer (June to My)  
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cohort grows faster than the autumn (September to October) cohort over the entire culture 

period (Dupaul et al. 1989; Dadswell and Parsons IWîa.,b). The higher growth rates 

suggest the initiai exposure to the earlier food and longer period of warmer water is more 

favorable. 

Salinity and presence of predators impact recovery of scallops. Salinity 

concentrations below 18 cause mortality in scallops in long tem exposures (200 hours; 

Bergman et al. 1996). Sea stars are an important predator of scallops in suspended 

equipment (Dickie and Medcof 1963; Scheibling et al. 199 1 ; Dadswell and Parsons 

1 992a.b; Minchin 1992; Barbeau and Sheibling 1994a). 

Timing of deployment of nursery-sized spat on the fm-based nursery is critical 

for optimizing growth rates and recovery. The goal of this study was to find a window of 

opportunity for deployrnent of hatchery-reared sea scailops at a fm-based nursery that 

enhances growth rates and recovery and predicts availability of spat for intermediate 

growout. Based on previous research of scallops, the hypotheses for this study are: 

(1) growth will be highest in scallops deployed earliest in the surnmer (August) when 

temperame and food densities are hi&. 

(2) recovery of scallops will decline with the onset of sea star settlement. 

(3) deployment of scallops set directly on substrate and placed in pearl nets will allow 

acceptable growth and recovery. 



3.2 Materials and Methods 

3.2.1 Study Site 

Shell Fresh Famis Ltd. in Pool's Cove, NF, was the study site (see Section 2.2.1). 

Deployment of scallops was at Ladder Garden, North Bay. However, water quality was 

measured at Ladder Garden, The Run and Fox Point (Figure 2.1). 

3.2.2 Deployment Date Study 

Experimental Design and Set-up 

This study was designed to determine when the window of opportunity of 

deployment was for nursery-sized scallops at a fm-based nursery. To do this, scallops 

were deployed over consecutive treatment intervals from the time they were large enough 

to go out of the hatchery until the conditions becarne poor iate in the autumn. During the 

intervals, water samples at the nursery were analyzed weekly for temperature and food 

quality and quantity . 

This study commenced as soon as scallop spat greater than 1.4 mm in shell height 

were available fiom the Belleoram Sea Scallop Hatchery (BSSH). Scallops were 

screened between 1.4 and 2.0 mm in shell height. Initial scallop shell height was sampled 

(see Section 2.2.2). 

Scallops were deployed at 500 spat/collector in 1.2 mm collector bags held in 
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bread trays at 5 m depth. The number of replicates varied from two to four, depending on 

scallop availability. The intervals began on August 4, August 22, September 7, 

September 26 and October 26. Intervals ranged from 16 to 23 days and depended on site 

accessibility. Each interval ended when the next began and the final interval ended on 

November 8, 1997. 

Sampling Protocol and Environmental Mimonitoring 

At the end of each interval, scallops were counted for recovery and measured for 

shell heignt (n=30). Scallops were re-deployed and measured again for shell height on 

November 8, 1997 and June 24, 1998. 

Over the study, phytoplankon total particulate matter (TPM), particulate 

inorganic matter (PIM), particulate organic matter (POM), and chiorophyll-o were 

sarnpled at 5 m depth. Temperature and salinity were measured through the water 

column to a depth of 10 m. Sea star settlement was also rnonitored throughout the study. 

Each parameter was sampled weekly during the short-term intervais at Ladder Garden, 

The Run and Fox Point. 

Irnrnediately afier collection, phytoplankton sarnples were fixed (Appendix 3.1). 

Samples then sat undisturbed for at least two weeks for settling of algal particles. The top 

90% of water was siphoned off and vc!me was measured. The remaining volume, 

which contained al1 settled algal particles, was also measured. This concentrated volume 

was mixed thoroughiy and 10 mL was transferred to a 10 mL Ütemohl settling chamber 

for overnight settlement. The sample was analyzed for total number of cells and species 



present on a Zeiss Axiovert 350 microscope under phase contrat at 400X magaification. 

Cells were counted across transects until at least 300 cells were counted. The number of 

grids counted was noted in such case that the entire transect was not counted. 

Calculations were based on the number of grids counted (Appendix 3.2). 

Plankton samples were fixed and analyzed weekly (Appendices 3.1-3.2). Total 

plankton was divided into 8 major groups. Seven of these were on the basis of size while 

the final group was unidentified species. The size categories included microzooplankton 

including tintinnids and ciliates (>20 Pm in diameter), autotrophic and heterotrophic 

dinoflagellates (1 2 to 60 pm), prymnesiophytes comprising small(2 to 12 Pm in 

diameter) sphericd nanoflagellates, auto-nanoflagellates comprising spherical flagellates 

fiom 2 to 20 Pm in diameter, cryptophytes comprising small(8 to 18 Pm in length) tear- 

drop shaped biflagellates, centric diatoms (12 to 30 Pm in diameter, connected in long 

chahs), and pelagic pennate diatoms (30 Pm in length, single cells). Phytoplankton were 

categorized according to Roa (1 98 1). 

For toial particulate matter ( P M )  and chlorophyll-a samples, 15 L of water from 

the three areas of the farm were pumped fiom 5 m and pre-screened at 300 pm into 

separate 20-L buckets and taken to the hatchery. Whatman GF/C 45 mm diameter g las  

microfibre filters had been previously combusted in a muffle fumace at 500°C for 4 

hours to remove any carbon and pre-weighed. For the TPM, 4 L of water were vacuum 

filtered on 45 mm glas  fibre filters in Nalgene filtration stands. The filters were fiozen 

at -20°C until m e r  analysis could occur. The filters were oven dried at 80°C for 24 

hours. They were then weighed for dry weight. The filters were transferred to a muffle 

furnace for 4 hours at 500°C. They were weighed again for ash-free dry weight. From 



these weights TPM, PIM and POM were calculated (Appendix 3.3). 

Water was filtered for chlorophyll-a and phaeopigment and measured accordingly 

using methods of Strickland and Parsons (1968) and P h s h  et al. (1995). Calculations 

for the concentrations of chlorophyll-a and phaeopigrnent can be found in Appendix 3.4. 

Sea star settlement was monitored weekly fiom July 15 to November 22, 1997, by 

deploying a string of eight pearl nets at the three areas. Each seing of pearl nets was 

retrieved after about two weeks depending on site access. Individual pearl nets were 

washed and al1 debis greater than 250 Pm was collected and preserved in 40% methanol. 

Sarnples were anaiyzed on a dissecting microscope for numben of sea stars present. 

Temperature and salinity profiles of the three areas of the farm were measured 

weekly using a YS1 Model No. 30 S-C-T Meter. 

Data A naiysis 

Variations in growth rates and recovery were analyzed using an ANOVA while 

equdity of means was analyzed using an Independent sarnple t-test. Correlation analyses 

were also performed with growth and recovery and environmental conditions. 



3.2.3 Remote Set Study 

Experimental Design und Set-up 

This investigation was designed to give preliminary results for remote setting 

practices with the sea scallop. To do this scallops were set on substrate that was 

eventually ~ansferred in gear to the farm-based nursery. One type of substrate (6 mm 

V e x d )  and gear type (3.0 mm mesh pearl nets) were studied. 

The largest scallop larvae fiom a spawn on May 1 8, 1998, were screened and 

placed in a 6000-L tank on June 18, 1998 (4 million larvae). Thirty-two pieces of 12.5 

cm x 12.5 cm V e x d  were suspended in the tank as settiing substrate. The water 

temperature and food density were maintained at 1 5- 1 6 " C and 1 5-3 0 celldpL. Fifty 

percent of water in the tank was changed twice a week. On June 29, V e x d  pieces were 

removed from the tank. Eight pieces were randomly selected and sampled for nurnber of 

spat present and sheil height. The remaining twenty-four were placed four each in six 

pearl nets. The pearl nets were placed in tanks and taken by boat to the fm-based 

nursery. Three pearl nets were deployed and the other three were sarnpled for loss of 

scallops due to handling. 

Sampling Protocol and Environmental Monitoring 

Scallops were retrieved fiom the study site on July 3 1, 1998. V e x d  squares 

were sampled for nurnber of spat present and spat shell height. 
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Water qualit. was sampled with a Seabud CTD meter at the onset of the remote 

set smdy and when scallops were sampled for final recovery and growth rates. Plankton 

was aiso sampled weekly for this study. 

Data A naZysis 

Replicate data were analyzed for differences by ANOVA. Initial, handling and 

final shell heights and nurnben present were tested by ANOVA. 



3.3 Results 

3.3.1 Deployment Date Study 

Growth Rates 

Initial shell height replicates for al1 dates were not significantly different (P>0.01) 

except September 7 (One-way ANOVA; F=9.735, d.f.=2,87, P<0.001). This was 

because the scallops in one replicate were leftover from another experiment ana they 

were not randomly chosen for the expenment hence the data were not used for analysis. 

Final intervai shell heights were significantly different fiom initial shell heights 

(Table 3.1 : Figure 3.1 ). Final interval shell heights were significantly different due to 

deployment date (One-way ANOVA; F= 556.621, d.f.=4,445, P<0.001). By November 

8, mean shell heights for the scallops deployed on August 4 and August 22, had exceeded 

the 7.0 mm shell height required for transfer to intemediate growout. By June 24 of the 

following year, the scallops deployed on September 7 and September 26 had passed this 

shell height. The scallops deployed on October 19 were 3.3 0.13 mm in shell height by 

June 24. 

Growth rates declined over the short-term intervals (Figure 3.2). Significant 

differences were found between growth rates for the different intervals (One-way 

iWOVA; F= 95.162; d.f.+ll, P<0.00 1). Highest growth rates occurred during the first 

interval at 1 18 p d d  while the lowest growth rates occurred during the last interval at 3.3 

g d d .  The mean growth rate of spat was 43.2 &ci fiom August 4 to November 8, 1997. 
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Growth rates of scallops over the long term studies showed highest growth in the 

earliest deployment (Figure 3.3). For scallops deployed on August 4 and 22, growth rates 

were hi& until November 8. Growth rates declined over the winter to those of scallops 

deployed from September 7, 1997, to June 24, 1998, at 42.4 pmld. Scailops deployed on 

September 26 and October 19, had lower rates to November (1 1.4 and 3.3 p d d ,  

respectively) and to June (2 1.5 and 7.2 ~ d d ,  respectively). 

Recovery 

Percent recovery declined over al1 intervals (Figure 3.2). Variation in recovery 

rates was also due to depioyment interval (One-way ANOVA; F= 47.129, d.f.=4,11, 

P<0.001). Highest recovery was in sarnples deployed during the first interval while 

lowest was in the sarnples deployed on September 26. Recovery on Novernber 8 was cot 

significantly different than after the intervals (Paired t-test; t= 0.013, d.f.=14, P=0.990; 

Figure 3.3). 

Waer  Quality 

Temperature declined over the study period (Figure 3.4a). The fint interval had 

the highest temperature at 1 5.8 OC; the final interval the lowest at 7.2 C. There was no 

significant difference among the three areas of the site (One-way ANOVA; F=0.011, 

d.f.=2, 39, P=0.989). The mean weekly temperature fiom July to November was 1 1.7 O C .  

Salinity increased over the study period (Figure 3.4a). Mean weekly saluiity was 
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28.3 while the range was fiom 26.5 to 3 1.5 at Ladder Garden. Salinity was similar 

among the three areas of the site (ANOVA; F=0.500, d.f.=2, 39, P=0.610). 

Seston was analyzed for chiorophyll-a and phaeopigrnent concentration, 

particulate organic matter (POM), and phytoplankton density (celldL). Significant 

differences existed for the chlorophyll-a (One-way ANOVA; F=5.732, d.f.=2, 36, P= 

0.009), phaeopigment (One-way ANOVA; F=5.555, d.f.=2,36, P=0.008), and POM (One- 

way ANOVA; F=9.621. d.f.=2,33, P=O.OOl) among the three areas of the fam. 

Chlorophyll-a concentrations (One-way ANOVA; F=0.544, d.f.=14,24, P= 0.88 l), 

phaeopigment concentrations (One-way ANOVA; F=0.500, d.f.=14,24, P=0.91 O), and 

POM (One-way ANOVA; F=0.715, d.f. l4 ,2 l ,  P=0.737) were similar over dates. 

Particulate matter remained constant at Ladder Garden. The weekly mean was 5.6 

mg TPM/L at Ladder Garden which was the lowest of the three areas of the farm. 

Particulate organic matter was also constant at Ladder Garden with a mean of 1.9 mg 

P O M L  This was comparable to Fox Point, but lower than The Run. 

Chlorophyll-o declined slightly at Ladder Garden while phaeopigments remained 

fairly constant. Chlorophyll-a and phaeopigments averaged 2.4 and 10.1 pg/L, 

respectively, at Ladder Garden, which was higher than at Fox Point or The Run. 

There were no significant differences in the total phytoplankton density among 

sites (One-way ANOVA; F=0.895, d.f.=2.39, P=0.417), but there was a significant 

difference in total phytoplankton density arnong weeks (One-way ANOVA; F= 7.084, 

d.f.= 13,28, P<0.001; Figure 3.5). The total density peaked around the middle of August 

followed by a decline which becomes very evident when observing the mean density over 

the intervals (Figure 3.6). This was the result of auto-nanoflagellates, pelagic pennate 
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diatoms, and dinoflagellates (Figures 3.7 a and b). The species that contnbuted to the 

peak were Navicula sp. 1, Chlumydemonus sp., Ochromonas sp., Micromonas sp., 

Rhizosoleni sp., Dinophysis sp., coccolithophore sp., Prorocenirum sp., choanoflagellate 

sp., and Strobilidium minimum (Figures 3.8 a and b). Analysis of percent biovolume 

indicates no distinct pattern (Figure 3.9) although peaks in the different groups were 

obvious. Percent abundance of phytoplankton size indicated that species <5 Pm were 

continuously contributing to phytoplankton biovolume (Figure 3.10). Unidentified 

species increased over time while the abundance of particies 10-20 p m  in diameter or 

length decreased. 

Sea star settlement peaked between September 19 and October 23 (Figure 3.1 1). 

There were significant differences in sea star settlement among the three areas of the site 

(Two-way ANOVA; F=42.285, d.f.=t, 336, P<0.00 1) and over the different sampling 

dates (Two-way ANOVA; F=99.674, d. f.= 1 3 ,3  36, P<0.00 1). The highest settlement was 

at Ladder Garden. the location of the fm-based nursery with an overall average of 79 

sea stars per collector per day (ss/colVd). This was twice the settlement at Fox Point 

which averaged 39 ss/coll/d and higher than The Run where settlement averaged 62.5 

ss/coll/d. 

Most of environmental factors were highly correlated to growth and recovery rates 

(Tables 3.2 and 3.3). TPM and dinoflagellates did not correlate with growth rates. 



3 . 3 2  Remote Set Shidy 

There were significant differences between shell heights treatments (One-way 

ANOVA; F=933.5 14, d.f.=2,20, P<0.00 1). Tukey 's-B test results however, indicate that 

the initial and handling shell height are statistically similar and that both are lower than 

the final shell heights. Overall growth rate of scallops in the remote set study was 3 1.3 

gn /d  fiom June 29 to July 3 1, 1998 (Figure 3.12). 

Recovery 

Due ro the low nurnbers of sarnples, there were significant differences in number 

of scallops present during the initial, handling and final sampling of scallops (One-way 

ANOVA; F=5.375, d.f.= 2,20, P=0.014). Final recovery was 40% (Figure 3.12). More 

initial, handling and final sample counts were needed to verify the statistical significance 

of the relationships between the three sample periods. 

Water Quality 

Water temperature and food densities both rose over the deployment period 

(Figure 3.13). Temperature increased fiom 8 " C on the day of deployment to 14'C on the 

day scallops were sampled. Chlorophyll-a concentration rose from 2.7 to 3.7 pg/L over 
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the study (Figure 3.13). Phytoplankton density had declined over the spring fiom peak 

quantities in April. During the remote set trial the phytoplankton densities increased 

slightly over the June to July period (Figure 3.14). Examination of biovolume 

contribution by major groups of phytoplankton indicated that microzooplankton had a 

decreasing abundance during this period while the auto-nanoflagellates had an increasing 

abundance (Figure 3.15). Size distribution during the month of July was mainly due to 

phytoplankton less than 10 Pm in the greatest dimension (Figure 3.16). 



3.4 Discussion 

3.4.1 Growth Rates 

Growth rates exhibited variation in the present study. Growth rates of scallops 

deployed in five consecutive intervals fiom August to November were found to decline. 

This was expected according to the hypothesis investigated. Growth rates of scallops in 

remote set on V e x d  were acceptable for commercial practices. 

Other observations less pertinent to the factors studied here were made with 

respect to the growth rates in the previous and other non-related studies. First, growth 

rates in these studies of 1.4 to 1.9 mm shell height scailops were higher than in the initiai 

size-depth study (Chapter 2) which indicates higher sea scallop growth rates in the 

sumrner than the winter. Second, growth rates were lower than June-spawned wild- 

collected spat cohorts, but comparable to September-spawned wildtollected spat cohorts 

in Nova Scotia (Dadsweli and Parsons 1992a,b). This suggests that growth rates were not 

maximal in this study. However, they were better than in previous production seasons, 

are commercially acceptable, and have the potential to improve as will be discussed. 

Differences in the mean interval growth rates may be explained by many factors. 

The most important may being temperature and food availability as well as changes in 

these factors fiom the hatchery to the fm-based nursery. 



3.4.2 Recovery Rates 

Recovery is important in maintaining reliable numbers of scallops at time of sale 

to growen. Remote set practices rnay utilize less time and resources in a hatchery, 

however, may have the potential to produce more transferrable scallops to the nursery 

than practices that grow scallops to a larger size before transfer. For this reason, lower 

recovery of remote set scallops rnay be more acceptable than nursery culture of larger 

scallops depending on the financial obligations involved. The deployment date study 

indicated that variations in recovery were due to deployment time. The decline over time 

in recovery was expected. Unfortunately, the lowest recovery rates could have a 

tremendous impact on a hatchery operation. Recovery of scallops from the remote set 

study was acceptable, however, initiai settlement was low for commercial practices. An 

improvement in initial numbers of scallops set on remote set equipment is necessary 

before variation in remote set recovery can be assessed. 

Observations of recovery with respect to the other previous nursery studies 

indicate some findings not relevant to the factors examined here. First, final recovery is 

higher in these studies than sirnilar sized scallops in the initial size-depth study (Chapter 

2). Second, recovery was higher in scallops deployed in August than those deployed in 

September, October or in June-July (remote set study). These findings suggest that 

summer deployments have fewer impediments to survival. Third, recovery of bay 

scallops in similar practices in Nantucket have recovery of approxirnately 70% (R. 

Garrison, pers. corn.) ,  and recovery of remote set Japanese scallops is higher than when 

spat are hatchery reared to a larger size before transfer to the ocean (Bourne and Hodgson 
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1991). Studies with wild collected sea scallop spat report collected numbers, but not 

usually an initial and final recovery (Cliche and Guiguère 1994; Parsons et al. 1996). 

Although the rnajority of rernote set data is for scallop species with different ecology, the 

higher recovery for these species suggests that there may be oppominity for improved 

recovery using remote set practices with the sea scallop. 

3.4.3 Effects of Deployment Date on Grorvth Rates and Recovery 

Temperature, food availability. and sea star settlement exhibited obvious changes 

throughout the deployment study. In studies of the sea scallop, temperature and food 

have been the main predictors of growth (Dadswell and Parsons 199 1 ; Côté et al. 1993). 

Sea stars are the main predator of scallops (Dadswell 1989; Barbeau and Scheibling 

1994a). Changes in these parameters may best explain the variation in growth and 

recovery of the scallops over the different deployment intervals. 

Temperature and food availability declined frorn August to November while sea 

star settlement increased during the deployment date study. The temperature and food 

availability increased from June to July in the remote set study. These results are similar 

with those of Parrish et al. (1995) at South Broad Cove? NF, and Penney and MacKenzie 

(1996) in Bonavista Bay and Notre Dame Bay, NF. respectively. Variations in 

temperature and food availability during the deployment date and remote set study were 

similar to those found in Conception Bay, NF, and Bedford Basin, N.S. (Mayzaud et al. 

1989; Navarro and Thompson 1995). 

A negative correlation of salinity with growth and recovery rates of scallops in the 
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deployment study may have been a coincidence as the natural range of tolerance for 

juvenile sea scallops to salinity is 18 and greater (Bergman et al. 1996) which is lower 

than the salinity during the present study. The increase in salinity over the study penod is 

representative of the decrease runoff and the increased upwelling that occurs in the 

autumn. Salinity was adequate for scallops in the remote set study also. 

Effect of Temperature on Growth Rates and Recovery 

Several metabolic processes of scallops are temperature-dependent thos influence 

growth rates. Christophersen ( 1997) found that Pecten marimzrs spat deployed when 

temperature was >lOaC exhibited up to four fold increase in survival compared to 

scallops deployed at temperatures <1OCC. Metabolic rates in Pecrenfirmarus deciine with 

decreasing temperature (Cropp and Hortle 1992). Respiration rates in sea scallops 

decrease with declining temperature (Shumway et al. 1988). Clearance rates are 

correlated with ambient temperature in sea scallops as well as in the eastem oyster, 

Crassostrea virginica, and the bay scallop. Argopecten irradiuns (MacDonald and 

Thompson 1986; Rheault and Rice 1996). 

Decreases in metabolic processes due to declining temperature may explain why 

reduced growth rates were observed in scallops deployed on different dates in this study. 

Mean temperatures for the five consecutive deployment intervals were 14.73 " C, 1 3 3 7  O C ,  

1 1.28"C, 1 1 .X O C ,  and 7.90°C. Each group of scallops deployed rnay have exhibited 

rnetabolic rates consistent with the ambient temperatures which in turn resulted in lower 

respiration and feeding rates during each interval. This rnay have been reflected in 
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determined by the type of food particles or species present, not particle flux or quantity 

(Cranford and Grant 1990; Grant 1996). Sea scallop diet quality is based on several 

parameters including C:N ratio and presence of specific organic components including 

the essential fatty acids (FA), docosahexaenoic acid (DHA; 22:603) and 

eicosapentaenoic acid (EPA; 20503) for membrane fluidity (EMght et al. 1986; Grant 

and Cranford 1991 ; Parrish et al. 1995; Penney and McKenzie 1996). 

Sea scallop growth and diet are related. This relationship is based on food 

availability and quality. Scallops do not necessarily grow when and where food densities 

are high which is a similar behavior as in the tellinid bivalve Macoma balthica 

(MacDonald and T'hompson 1986; Beukema and Cadée 199 1 ; Pmish  et al. 1995). 

Dietary quality, defined as the inversed inorganic content, is the best predictor of 

absorption (Cranford 1995). When inorganics increase, dietary quality is reduced which 

causes an exponential decrease in absorption efficiency of POM, particulate organic 

carbon (POC) and particulate nitrogen (PN: Cranford 1995). This causes sea scallops to 

maintain clearance rates, but decrease soning efficiency due to energy requirements 

which are different from i M .  edulis which under similar conditions wouid increase gut 

fullness and absorption efficiency (Newell et al. 1 989; MacDonald and Ward 1994). 

Carbon and nitrogen requirements of sea scallops. which affect somatic and gonadal 

growth. are detemined by temporal changes in food quality (Grant and Cranford 1991). 

Living phytoplankton also have higher C:N ratios than detritus thus making it a better 

quality diet (Grant and Cranford 199 1 : Penney and McKenzie 1996). Certain 

phytoplankton species tend to dominate in the gut of sea scallop, and thus are assurned to 

contribute to energy intake of sea scallops (Shumway et al. 1987). Fatty acid profiles are 
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good for determining egg, larval and somatic tissue conditions which would suggest their 

importance in the health of bivalves (Napolitano et al. 1992; Farias et al. 1998). Other 

bivalves inc luding Ostrea edulis and Crassostrea gigas exhibit the best growth when fed 

high dietary quantities of 22:6~3,20:5w3, and carbohydrate and low protein, however, 

little work has been done on the nutritional composition of sea scal!op diets (Enright et al. 

1986; Thompson and Harrison 1992). 

Within different phytoplankton groups variability in biochemistry exists ( E ~ g h t  

et al. 1986; Volkman et al. 1989; Viso and Marty 1993). Specific biochemical assays 

were not perfonned on the scallops or phytoplankton for this study. However, deductions 

were made on the biochemical composition (and subsequent infiuence on yowth and 

recovery of scallops) for plankton groups present at the nursery site from other studies. 

Further studies should be perfonned to determine the validity of the following 

speculations. 

Nitzschiu s p., Navicuia sp.. Skeletonema costatum, Prorocentrum sp., Dinophysis 

sp., and Thalassiosira sp. are six species that Shumway et al. (1987) found in adult sea 

scallop gut that were found in the water column during July to November of this study. 

Shumway et al. (1 987) considered that many smaller fiagellated species were present, but 

had been digested faster hence specific presence could not be established. Of the species 

present in Shurnway et al. (1987) and present in this study, Prorocentrum sp. (30 km in 

diameter) and Dinophysis sp. (44 pm in diameter), which are asswned to contribute to the 

energy intake of sea scallops (Shumway et al. 19871, showed decreasing abundance from 

August to November in this study. .Vavicula sp. 1 (14 ,um in length), which was the most 

abundant species in the scallop gut in Shumway et al. (1987), also exhibited such a 
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decrease. This suggests that sea scallops deployed in the earliest of the consecutive 

intervals may have been exposed to diets with a higher measure of energy thus resulting 

in more energy being used for growth. 

Another group exhibiting peak abundance in August was the Cryptophytes. This 

group of phytoplankton is high in 22:603 and 20:5w3, which are essentiai for membrane 

fluidity in bivalves (Enright et al. 1986; Volkman et al. 1989; Napolitano et al. 1992; 

Viso and Marty 1993; J. Hall, pers. comm.). Cryptophytes are preferred by sea scallops 

in mixed species diets and also correlate with sea scailop growth (Shumway et al. 1985; 

Parrish et al. 1995). High densities of autotrophic nano-flagellates rich in 22:6w3, 

including cryptophytes, occur during pre-spawning periods for sea scallops thus may 

indicate the importance of this fatty acid io the development of eggs (Penney and 

McKenzie 1996). Mayzaud et al. (1 989) found that the dominance of small flagellates in 

Bedford Basin as the summer progressed (early August) coincided with peaks in protein, 

carbohydrate and lipids especially the fatty acids, 22:603,2O:h3 and 1 8:503. Healthy 

phytoplankton populations are associated with essential polyunsaturated fatty acids 

(PUFA) which are important for proper development (Mayzaud et al. 1989). 

Phytoplankton populations in Conception Bay, M., also exhibit dominance of small 

phytoplankton with high lipids during August (Navarro and Thompson 1995). Higher 

growth in scallops deployed when cryptophytes were more abundant, specifically in 

August and early September, was not unexpected. 

Recovery of scallops over the different deployment dates correlated with the 

various densities of food available at the fm-based nursery. It is likely that scallops 

were able to survive during the lower food densities uoless they stopped feeding 
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altogether. We know, however, that scallops did feed as growth occurred, but not in al1 

scallops, and some scallops even died. This may suggests that although ail scallops were 

feeding some rnay have been unable to fùlfill basal metabolic requirements fiom tood 

they were eating thus causing them to perish or not grow at dl. This will be discussed 

later in this chapter. 

Predation Efects on Growth Rates and Recovery 

There was a high negative correlation between recovery and sea star settlement 

dwing the short-term intervals. Increasing sea star settlement coupled with declining sea 

scallop recovery was expected (Dadswell and Parsons 1492a,b; Barbeau and Sheibling 

1994a; Gaudet 1994). Successful predation may be due to the similar size of the settling 

sea s t v s  and scallops as well as debilitation caused by the temperature changes between 

hatchery and nursery environments (Dickie 1958; Barbeau and Scheibling 1994a). 

Because of their smdl size, al1 scallops may have been equally wlnerable to 

predation. Small scallops. although attempted less ofien are more vulnerable to sea star 

predation due to their lack of escape mechanisms (Barbeau and Sheibling 1994b). O'Neill 

et al (1983) found that smaller sea stars were more efficient predators of smdl mussels. 

In the 1.4-2.0 mm scallops in the present study, it is expected a swim response would 

occur when faced with predatory attack, however, this is only speculation based on 

persona1 observation. Although sea star settlement coincided with declining growth rates 

there was no effect on growth as there was no difference in size of empty shells compared 

to the size of live scallops @ers. obs.). Further research is needed to determine the 
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response nursery -sized scallops have to predation as well as the size most susceptible to 

sea star predation. 

Dickie (1958) observed a lack of mobility of scallops for about a month when 

they were exposed to drops of 4-7" C in ambient temperature which he speculated may be 

detrimentai if predators are unaffected. Temperature debilitation may have coincided 

with highest mortality of scallops in the deployrnent study which was during the penod of 

peak sea star settlement on the culture gear. High mortality may have resulted fiom sea 

star predation on scallops that were unable to escape due to the physiological inhibition 

caused by the deployment in colder water. Sea star predation was not likely a factor in 

the remote set study as sea stars were settling in September during the previous year. 

Deductions can be made from these findings regarding recovery in the initial-size 

depth study (Chapter 2) and the importance of timing of deployment. The size-related 

predation and decreased sea star predation as temperature drops <5 O C  may explain why 

recovery was higher in larger scallops as they were less vulnerable to predation as well as 

why predation leveled off over the winter because temperature became debilitating to sea 

stars. Predation by bottom-dwelling sea stars has been avoided by using suspension 

culture, however, sea stars can settle on and penetrate suspended equipment in late 

surnmer to early auturnn (Dadswell and Parsons 1991 ; Gaudet 1994). This emphasizes 

the importance of timing in deployment of nursery-sized scallops due to the vulnerabiiity 

cf scallops to sea star predation (Dadswell 1 989; Dadswell and Parsons 199 1). 



Importance of Acclimation on Growth Rates and Recovery 

Deployment of scallops is complicated by the differences in food and temperature 

between the hatc hery and the nursery. Al1 scallops at the hatchery had been held at 1 5 OC 

and fed a mixed diet of culhired algae, however, each group was deployed at lower 

temperatures and food densities. Scallops should have been able to succeed in the 

nursery as they are able to live within -2 to 18°C and control absorption efficiency to 

acclimate to diet quaiity (MacDonald and Ward 1994). However, sudden changes in 

temperature and food densities, such as those between hatchery and nursery 

environrnents. may decrease growth rates and recovery due to inhibition of responses 

which occurs when they can not acclimatize to the changes (Thompson 1984; Cranford 

and Grant 1991 ; Côté et al. 1993). Detachment from substrate during temperature shock 

may cause loss through mesh or crowding in corners which can also reduce recovery 

(Bourne et al. 1991). 

Acclimation of bivalves has been studied to a lirnited extent. Christophersen 

(1 997) found that Pecten rnmimus spat deployed after temperature acclimation had better 

growth and survival than non-acclimated spat. Widdows and Bayne (1971) examined 

oxygen consumption, filtration rate and assimilation efficiency in the blue musse1 Mytilus 

edulis with respect to acclimation. They found that mussels transferred fiom a 10°C 

environment to a 5 "C environment take 14 days to completely acclimate oxygen 

consumption, filtration rates and assimilation efiïciency to those of the 10 O C  exposure. 

They found that during the initial acclimation the energy equilibrium becomes 

imbalanced and to re-establish it energy reserves are mobilized and utilized to balance the 
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energy. Hall (pers. comm.) found that it takes 15 to 2 1 days to acclimate sea scallops 

fiom 15 to 5 OC. During this period of acclirnation, lipid profiles are adjusted such that 

unsaturated fatty acids, particularly 20: 5 0 3 ,  become more abundant in the membranes. 

The increase in time necessary to acclimate as indicated by the differences in these 

studies may be due to greater differences in the temperatures or species requirements. 

Observations made in this sîudy support the increase in time necessary to 

acclimate when temperature diEerences are increased. Temperature differentials fiom the 

hatchery (1 5 OC) to the nursery over these five intervals increased progressively by 

0.27 OC, 1.43 OC, 3.72 O C ,  3.77"C, and 7.1 OC. Growth rates in corresponding intervals 

were consistently lower suggesting that more time was needed to acclimate. 

The purpose of acclimation is not completely understood, however, it appean to 

relate to maintenance of physiological functioning at the cellular level. Several aspects of 

metabolism at the cellular level may be affected, however, one aspect that relates to the 

importance of diet quality is the maintenance of the phospholipid membranes. 

Ultimately, the alteration of lipids, which are the structural elements at the cellular level, 

occurs in response to temperature changes, however, the process is not well understood 

(Hazel 1988; Hazel 1995). This restructuring is necessary because specific fatty acids are 

necessary in lower temperatures to maintain membrane fluidity. Lower density 

unsaturated fatty acids have a greater degree of expansion at lower physiological 

temperatures thus do not solidifi as is the case for higher density saturated fatty acids 

which have a lower degree of expansion at lower temperatures (Lands and Davis 1983). 

Because temperature modifies the phase of membrane Iipids which in tum affects the rate 

of movement of molecules through ce11 membranes, it is expected that processes occur 



within the membrane during temperature changes to maintain adequate functioning. 

Temperature controlled lipid profiles in ce11 membranes of scallops have been 

found. Napolitino et al. (1992) found that it is adjustments to compensate for temperature 

differences which determine lipid profiles rather than actual seston biochemistry. Seston 

is important in supplying adequate specific fatty acids present when acclimation occurs. 

Lipid profiles are used as indicators of nutritional and physiological condition in 

marine animals (Martinez 199 1 ; Napolitino et al. 1992). Differences exist in lipid 

profiles of sea scailops at deep or cold sites cornpared to shallow or warm sites. Scallops 

in colder environrnents have higher 22:603 in egg phospholipids and 24-methylene- 

cholesterol in the adductor muscle than scallops in warmer environments (Napolitano et 

al. 1992). Bivalves held in colder temperatures also exhibit higher concentrations of 

30:503 in their cellular membranes (J. Hall, pers. cornm.). Napolitano et al. (1992) 

observed this in egg phospholipids also, but not to a significant degree. 

This suggests that in the present study scallops deployed earlier and later than 

August, when phytoplankton nch in 22503  are low in abundance, may take longer to 

adjust to the temperature because they cannot access the organic compounds they need 

from their diet. ï h e  scallops deployed with little temperature difference and a high 

quality diet may have been able to acclimate as the temperature decreased because they 

had access to essential nutrients in theù diet. 

Sea scallops may require reserves also i.e., in times of food depletion, however, in 

the hatchery food quality may not have provided the adequate reserves necessary to face a 

changing environment. At the time of transfer, the phytoplankton species that are high in 

22:603 and 20503, fatty acids presumed to be essential for acclirnation, also declined in 
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abundance d u h g  this period. This has implications for scallops newly introduced to this 

different environment. Scallops that were deployed early were exposed to little 

temperature difierence and high quality food for gronth and maintenance. The scallops 

deployed on al1 consecutive intervals were exposed to consistently lower temperature and 

food quantity and quality which would explain consistently lower interval growth rates. 

The remote set scallops were deployed at low, but increasing tzmperature and food 

quality. This may have impacted physiological condition which was reflected in poor 

recovery and lower growth. As weli, the improved growth after longer exposure for the 

remote set scallops deployed in July, supports the idea that environmental quality is 

highest in August for nursery culture of sea scallops. 

The need for specific dietary components when exposed to a new environment of 

lower temperature supports the importance of timing of deployment of scallops. In this 

study, scallops that were deployed earlier than August in another study, exhibited a faster 

acclimation as indicated by the much higher growth rates of 156 ~ m / d  as sarnpled at the 

end of September which was even higher than those scallops that had gone out in August 

(C. Couturier, per. comm.). The scailops deployed later in August and September were 

introduced to a gradually decreasing temperatures and food densities thus adjusted their 

membranes although slowly, and were not able to get growth rates much over 40 p d d  

over the winter. The scallops deployed in late September and October did acclimate, but 

poorly as indicated by their lower winter growth rates as compared to those of the 

scallops deployed earlier. This suggests that deployrnent until mid-September ailows 

scailops to acclimate and have acceptable winter growth. Scallops deployed later require 

more time to acclimate thus are not able to attain acceptable winter growth rates to allow 
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h e m  to reach intermediate size by following June. Chnstophersen (1997) found that P. 

mmimus spat that were temperature acclimated for 1 and 3 weeks before deployment in 

sub-optimal farm-based nursery conditions exhibited no difference in s w i v a i  which 

suggests that more than just acclimation to temperature is required. If ovewintering 

scallops survive, it may not be until the presence of fiesh carbon and nitrogen and high 

temperatures in late spring that hi& growth rates are stimulated (Shumway et al. 1987). 

Physiological shock may have contributed to increased mortality of scailops. If 

the scallops were not able to attain the organic compounds from their diet or reserves for 

their cells to function properly they may have become stressed to the point of poor 

hinction. This stressed state may increase natural mortality or increased vulnerability to 

predators as mentioned earlier. When exposed to sudden changes in temperature 

marginally-sized, e.g., remote set-size, scallops also may debyss and fa11 out of 

equipment (Boume and Hodgson 1991). This indicates the importance of determining 

the necessary biochemical composition of diet in the hatchery as well as in the f m -  

based nursery. 

The need for acclimation is obvious. Gradua1 exposure to lower temperatures 

combined with a diet rich in essential fatty acids may improve growth rates and recovery 

of scallops transferred to a fami-based nursery during sub-optimal conditions. 



3.5 Conclusions 

Growth rates and recovery of nursery sized-scallops were influenced by time of 

deployment at a fm-based nursery during a penod that spanned fiom early summer to 

late autumn. This was expected. Growth rates and recovery of remote set spat on V e x d  

were acceptable also as expected. 

Highest growth rates and recovery of nursery-sized scallops were observed during 

August and early September when the nursery site was charactenzed by high food 

densities and temperature and when sea star settlement was low. Remote set scallops 

deployed in late June were also able to increase growth rates over the summer even 

though initial growth rates were low. However, scallops deployed in September and 

October had low recovery as well as low growth rates until the following spring or later. 

The ability of nursery-sized scalIops to grow and survive may be related to the 

differences between hatchery and farm-based nursery environrnents and whether food 

quality provided at the hatchery is adequate in providing the reserves required to meet the 

physiological requirements in acclimating to the new environment. There is a need to 

determine the nutritional requirements of remote set and nursery-sized scallops. As well 

research is needed to develop acclimation protocols by way of developing a hatchery diet 

rich in essential fatty acids, and gradually introducing scallops to a changing 

environment. Improvements in protocol are necessary to increase the settlement densities 

of remote set scallops on V e x d  before it is used as a commercial practice. 



Cbapter Four: 

Toxicity of Ammon ia to Sea Scallop, Pfacopecten magellanicuF, S pat 



4.1 Introduction 

Culture of aquatic organisms in closed systems, including hatcheries, requires 

continuous monitoring of water quality. Many water quality parameten are closely 

related thus when one becomes problematic, ofien others are afTected. This can create 

deleterious effects to the animals being cultured. Of interest in this study are the effects 

of arnmonia on sea scallop spat reared under hatchery temperature and pH conditions. 

Ammonia is a nitrogenous compound that is present in very low concentrations in 

the ocean (Carpenter and Capone 1 983). In this aqueous form, total ammonia nitrogen 

(TAN) consists mainiy of ionized ammonium, NH,' (94-98%), and very little is in the 

un-ionized fonn, MI, (UAN; 2.6%; Carpenter and Capone 1983). Despite its low 

concentration, the UAN is toxic due to its permeability across cellular membranes. 

ïhe arnount of UAN in the water depends on the arnount of TAN as well as the 

temperature and pH (and salinity, to a lesser extent). Emerson et al. (1975) determined 

the percent UAN of TAN at O to 30°C and at pH 6.0 to 10. Percent ionization decreases 

as temperature and pH increase. Using temperature and pH values and methods by 

Widdows (1 985) to measure TAN concentrations, the percent UAN can be calculated. 

In closed culture systems ammonia may be derived from animai wastes and 

bacterial breakdown of food. Scheller (1 997) found dying populations of clams produce 

arnmonia as well as bacterial breakdown, which suggests that mortality events are point 

sources of ammonia also. Ammonia is the main nitrogenous waste product of sea 

scallops, however, excretion rates are low such that in culture settings no obvious effects 

of toxicity occur within a short period of exposure (Strickland 1993). Excretion 



combined with high food density and regular mortality of at least a small portion of a tank 

population suggest that these sources of ammonia under hi& density situations could 

potentially create problems especially if tolerance is unknown. 

Exposure to ammonia at toxic concentrations cm cause serious physiological 

damage. Amrnonia affects behavior, feeding ability and oxygen consumption thus growth 

of aquatic organisms (Rasmussen and Korsgaard 1996; Harris et al. 1998). In lobsters, 

ammonia tolerance increases with age due to a reduction in osmoregulation (Young-Lai et 

al. 199 1). It is not known how age affects ammonia tolerance in sea scallops. 

Lethal concentrations required to kill fifty percent of the exposed population 

(LC,,) have been detennined for several species over acute exposures of 96 hours as 

defined by Epifanio and Srna (1975). They are useful to know when holding animals in a 

situation in which ammonia concentration may increase. 

Culture of sea scallops in a hatchery situation may require holding animais in 

batches of water for three to four day periods. The purpose of this study was to detemine 

what the lethal arnrnonia concentrations to scallop spat are under normal hatchery 

conditions for a four-day exposure period. The hypotheses of this study were: 

(1) For the ammonia concentrations tested, after 96 hours exposure, if ammonia is toxic 

to scallops, then a higher mortality will occur with increasing dose. 

(2) For the two size classes tested, if ammonia toxicity decreases with age, then higher 

mortality will occur in the small (younger) spat than the larger (older) spat at the sarne 

ammonia concentration. 



(3) For the ammonia concentrations tested. if increases in ammonia concentration cause 

decreases in shellfish filtration rates, then scallops fed while exposed to increasing 

concentrations of ammonia will exhibit a decrease in filtration. 



4.2 Material and Methods 

4.2.1 Study Site 

Experiments were conducted at the Belleoram Sea Scallop Hatchery on the south 

coast of Nedoundland. 

4.2.2 Experimental Design and Set-up 

This study was designed to determine the lethal concentrations that kill 50% 

(LC,,) of a given population of two size classes of scallops. This was accomplished by 

holding each size class of scallops in ammonia treatments for 96-hours after which 

survival was assessed. The effect of arnmonia on filtration of food by the smaller 

scallops was determined by adding the same initial amount of food to each amrnonia 

treatrnent. A control bucket with no amrnonia was used for both size classes as well as a 

control bucket with food only to determine senlement rates of algae. 

Large scallop spat (1 .O-2.0 mm shell height) were studied in the au- of 1997. 

Small scallop spat (0.5-1 .O mm shell height) were studied in June 1998. A dissecting 

microscope was used for selection of live animals and measurement of shell height. 

Mean shell size for the small and large size classes were 640 and 1440 Pm, respectively. 

Twenty and 100 scallops were used for treaûnents in the large and small size classes, 

respectively . 

A standard ammonia solution of 0.5 g TANfL was made using reagent grade 
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ammonium chloride (NH,Cl) and diluted to attain ammonia concenbations as needed 

(Appendix 4.1). The ammonia treatments for the large scallops were 0,9, 18,77 and 36 

mg TAN/L. For the smaller scallops the ammonia concentrations studied were 0,6.75, 

13 .5,20.25 and 27 mg TANL. For molar concentrations see also Appendix 4.1. 

Treatments were camed out in 5-L buckets which were filled with four liters of the 

appropriate ammonia concentration. Buckets were placed in a water bath to maintain the 

temperature at 1 5 O C .  Scallops were placed in each bucket. Four replicates per treatrnent 

were used for large scallops while three replicates were used for small scallops. 

In the experiment that scallops were fed, phytoplankton concentration was 

initially 40 cells/pL. Buckets were aerated in the fed scallop treatments, but not in the 

unfed treatments due to access to airlines. 

Hatchery tanks were also sampled for ammonia concentrations to determine the 

risk for ammonia toxicity in the hatchery. Procedures followed those of Widdows (1 985). 

4.2.3 Sampling Protocoi 

Water was checked daily for food densities, temperature and pH. Food densities 

were rneasured using a Coulter MultisizerII MISZERI 1. Filtration rates were calculated 

based on decreases in food density (Appendix 4.2). 

After 96 hours exposure, each replicate was analyzed for the number of scallops 

alive. Death was defined as lack of response to mechanical stimulation (gentle tapping on 

valve with probe) or gaping valves with no or loosely attached viscera. Live scallops 

were transferred to clean filtered seawater bath and monitored daily for another 48 to 96 
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hours to detemine swival. Survival was calculated as a percentage of live scallop 

remaining after treating with total initial number. 

Concentrations of mg TANn in hatchery tanks were sampled in 1997 and 1998. 

Acnial ammonia concentrations were determined using methods by Solarzano (1 969) in 

1997 and 1998 on Bausch and Lomb Spectronic 20 and Pharmacia Biotech Ultraspec 

1 O00 UVAnvisible Spectrophotorneter, respectively . 

4.2.4 Data Analysis 

Data were analyzed using the SPSS statistical package. For each size class a one- 

way ANOVA was performed on survival data to determine variation due to the ammonia 

treatments. Survival data were analyzed using Probit analysis which calculated the 96-h 

LC,, value. Lethal concentrations were reported as mg UANn whenever possible 

because it is more usefùl than TAN due its sensitivity to changes in temperature and pH 

which can fluctuate in a hatchery situation . Percent swival was arcsine-square-root- 

transformed before a one-way ANOVA was performed to determine differences among 

concentrations. For the small size class, a one-way ANOVA was performed on the 

filtration rates to determine variation due to ammonia concentrations. 



1.3 Results 

Swival  was significantly different among arnmonia concentrations in the large 

scallops (Figure 4.1 ; One-way ANOVA; F=l%OO 1, d.f.4, 15, P<0.001) and the small 

scallops (Figure 4.1; One-way ANOVA; F=54.988, d.f.4, 10, P<0.001). The 96-h LC,, 

for the large scallops was 20.7 mg TANK. The 96-h LC,, for the srnall scallops was 1 1.8 

mg T A N L  Temperature was maintained between 12.9 and 15.8"C over the study. 

Treatment pH was maintained between 8.02 and 8.18. The calculated LC,, values for un- 

ionized amrnonia were 0.5 1 and 0.29 mgL for the large and small scallops, respectively. 

In the smail scallop treatments where food was present, as expected no significant 

differences in initial food density occurred (One-way ANOVA; F=0.5 16, d.f.=5, 12, 

P=0.760). Food densities were significantly different due to ammonia concentration 

(Two-way ANOVA; F=6.238, d.f.=5,90, P<O.OOl) and time of sample (Two-way 

ANOVA; F=3.567, d.f.=4,90, P=0.011; Figure 4.2). Filtration rates, based on corrected 

food densities, declined with increasing arnrnonia concentration (Figure 4.3). Ideally a 

minimum decrease of 15% in ce11 count is needed to ensure accurate filtration rates, 

however, due to the low numbers of scallops in the relatively large volume of water, the 

decline in ce11 count was low. Filtration rates may therefore not be confident. The 

scallops with no ammonia filtered between 0.10 and 0.20 mLManimai. Al1 scallops 

exposed to ammonia had initial filtration rates around 0.05 mL/h/animai. The filtration 

rates of scallops exposed to 6.75 mg TANL dropped in the last 24 hours. Scallops 

exposed to 13.5 mg TANL maintained their filtration rates throughout. Filtration rates of 

the scallops exposed to 27 mg and 20.25 TANL were reduced from around 0.05 
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dmlanimal to zero between 24 and 72 hours after initial exposure. Filtration rates were 

also significantly different due to ammonia concentration (Figure 4.3; Two-way ANOVA; 

F=3.944, d.f.=4,60, P=0.009), but not time of sample (Figure 4.3; Two-way ANOVA; 

F=2.402, d.f.=3,60, P=0.082). Significant differences in food densities in the survival 

baths existed due to the arnmonia concentration to which scallops had been previously 

exposed (Two-way ANOVA; Fz53.563, d. f .475 ,  P<0.001) and time (Two-way 

ANOVA; F=22.42 1, d.f.4, 75, P<O.OO 1 ; Figure 4.4). Filtration rates of scallops in the 

sunival bath were not significantly different due to ammonia concentration scallops had 

previously been exposed to (Two-way ANOVA; F=2.818, d.f.=3,48, P=0.055) or time 

(Two-way ANOVA; F=2.403, d.f.=3,48, P=0.086; Figure 4.5). 

The measured arnrnonia concentrations in the fed scallop treatment were similar 

to the desired concentrations of arnmonia (5.9 114.3 1 mg TANIL, 13.89 10.6378 mg 

TANIL, 21.1 1 k0.76 mg TAN/' and 28.37 k1.27 mg TANL). 

Ammonia was detected in hatchery tanks (Table 4.1). Highest concentrations 

were found in the broodstock tanks (0.1 16 mg UANIL). High concentrations in the larval 

holding units were in the tanks with setting trays (0.03 mg UAN/L) and the buckets in 

which the scallops were held when tanks were being cleaned (0.047 mg UANIL). 



4.4 Discussion 

4.4.1 Swiva l  f i e r  Ammonia Exposure 

Amnonia was found to affect adversely nursery-sized sea scallops. As was 

expected, mortality increased with increased ammonia concentration. Mortality was also 

higher in the smaller scallops than the larger scallops at the sarne concentration. This was 

expected and agrees with other studies. Declining filtration rates with increaîing 

ammonia concentration were also expected. 

Ammonia is toxic to sea scallop spat. The small and large spat held at l4.2"C and 

pH 8 have LC,,s of 11.8 and 20.4 mg T A N L  When converted to mg UANIL these 

levels are similar to un-ionized ammonia tolerance of other bivalves. Sea scallop spat 

(0.5 -2 mm shell height) at 14°C and pH 8.0 have 96-h LC,, between 0.29 and 0.5 1 mg 

U A N L  This was higher than M. mercenaria juveniles, but similar to C. virginica 

juveniles and A. irradiam Iarval stages (Table 4.2). The LC,, of sea scallop spat was 

higher than for sea scallop juveniles (Table 4.2). Tolerance may relate to how well 

aquatic organisrns c m  avoid exposure to the aqueous environment. Sea scallops follow 

the trend of other bivalves (clams and oysters) in having a lower tolerance to un-ionized 

ammonia than crustaceans and higher tolerance than echinoderm embryos (Table 4.2). 

Differences may be due to experimental design, however, there appears to be a biological 

trend. Scallops cannot close their valves tightly thus may have a higher tolerance. 

C rustaceans have little control thus need an even higher tolerance to un-ionized amrnonia. 



4.4.2 Short-tenn Effects of Ammonia 

Mortality is obviously the most detrimental effect that amrnonia exposure can 

have on sea scallops. Osmoregulation rnay be the physiological process that fails during 

ammonia exposure and leads to mortality. The American lobster, Homurus americanus, 

shows reduced osmoreguiation in post-larval stages than in adults which may be due to 

interference with transport mechanisms for sodium across ce11 membranes (Young-Lai et 

al. 199 1). The fleshy prawn Penaeus chinensis exhibits an increase in TAN and decrease 

in protein nitrogen in hemolymph duruig exposure to 10 mg TANL (Chen et al. 1993). 

This may be an attempt to balance osmoregulation which is dysfunctioning because of the 

arnmonia exposure. Blood chemistry was not studied in this experiment, however, the 

production of mucus and closure of valves indicated that the sea scallops were attempting 

to reduce exposure due to the effect on its osmoregulation. 

Less detrimental effects have been caused by ammonia exposure. Behavior is 

affècted by ammonia concentration. Erratic and fast swimrning occurs in Scophthlalmus 

rnmimus when exposed to 1 1.74 mg TANK (Rasmussen and Korsgaard 1996). Reduced 

activity was observed in juvenile sea bass Dicentrarchus labrax at concentrations of >5O 

mg TANL (Tudor et al. 1994). Abraham et al. (1 996) found that juvenile sea scallops 

became less responsive to stimuli as exposure time to amrnonia increased. Similar 

observations of increased gaping, increasingly poor mantle attachrnent, reduced response 

and increased mucous production with increasing concentration were made with the sea 

scallop spat in this study (Table 4.3). Scallops exposed to the highea concentration were 

found dead with their valves tightly shut, mandes retracted and intact. These scallops 
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appear to be avoiding exposure to the toxic concentrations while scailops in lower 

concentrations appear to have produced mucus to reduce exposure. Response to 

mechanical stimulation seems variable with increasing concentration while excess 

activity was nonexistent. The behavior of sea scallops was affected by ammonia 

exposure. 

4.4.3 Age-related Effects 

Increased tolerance to arnmonia with size was found between the two size classes 

of scallop spat snidied here. This contrasts with the much lower tolerance that Abraham 

et al. (1996) found in juvenile sea scallops, but agrees with the trends found for other 

aquatics organisms including Amencan oysters, bay scallops, the fieshwater mussel. 

American lobsten and leader shrimp (Epifanio and Sma 1975; Chen et al. 1990; 

Young-Lai et al. 199 1 ; Lin 1992; Scheller 1997). Decreased tolerance with age occurs in 

LM. mercenaria (Epifanio and Sma 1975). Differences in experirnental design may 

explain the high ammonia tolerance of spat in this study in cornparison to the lower 

tolerance in juvenile sea scallop (Abraham et al. 1996). The set-up in this study used 

15 O C  water, as well, one of the treatments in this study was fed and aerated, which may 

have intluenced boundary conditions around scallops ie. ammonia concentrations where 

there was no aeration. Water also was not changed until the end of the 96 hours bioassay 

in these experiments. The lack of replenishment of water and aeration may have caused 

increased levels of arnmonia near scallops which would mean that the actual LC,,s may 

have been higher than the calcuiated LC,,s. Abraham et al. (1996) held scallops at 4 and 



1 O°C, used aeration, did not add food to treatments and changed ammonia treatment 

water daily to keep ammonia concentrations constant. Also the number of scallops w d  

in treatments differed among sizes studied here and by Abraham et al. (1996). These 

experimental differences may explain why juvenile had higher tolerance than the spat. 

4.4.4. Effects of Ammonia on Filtration Rates 

Food consumption of the mal1 scallops decreased with amrnonia concentration 

and time. Filtration rates were highest in the control bucket of scallops with food and 

without ammonia. The decrease in filtration rates in the last 24 houn may have been due 

to increased particle loading fiom decomposition or bacterial presence. Because the 

concentrations were so lethal to the scallops the feeding may have been reduced due to 

rnortality and not feeding behavior of scallops. The increase in abundance of food size 

particles and the corresponding increase in negative filtration rates was Iikely due to 

mucus production of dying scallops, decomposition of dead scallops or increased 

bactena. 

4.4.5 Long-term Effect of Ammonia Exposure 

Arnrnonia concentrations in the hatchery rearing tanks are approximately 5% of 

the 96-hour LC,, for UAN. For short-tenn exposure this is not a problem, however, for 

long-term rearing of spat until they reach 1.5 -3.0 mm shell height, this could be a 

problem. 



Ammonia tolerance not only affects sunlval, but in low concentrations affects 

feeding and thus growth. This was evident fiom the low filtration rates of the scdlops 

exposed to 6.75 mg TANA,. Their filtration rate was 2550% that of the unexposed 

scallops. This has implications for long term exposure of scallops to low concentrations 

of arnmonia. 

Several studies have investigated effects of long-term chronic exposure to lower 

concentrations of ammonia. Growth of juvenile turbot Scophthalmus maximus is af5ected 

by 20 day exposure to concentrations of 0.108 UANR. (Rasmussen and Korsgaard 1996). 

Greenlip abalone Haliotus laevigata exhibits reduced growth when exposed to 

concentrations of 0.054-0.188 mg U A N 5  for 58 days (Hams et al. 1998). Bay scallop 

larvae also show reduced growth after 12 days when exposed to 4.04 mg TAN& (Lin 

1992). Concentrations >O. 1 10 mg UANL reduce feeding of H. laevigatu and for S. 

marimus reduction in feeding begins at about 0.1 17 mg U M .  A concentration of 7.2 

mg TANR. reduces feeding in C. virginica and M. mercenaria (Epifanio and Sma 1975). 

Food utilization is also reduced when exposure to low amrnonia occurs in S. mmimus 

(Rasmussen and Korsgaard 1996). The long-term exposure to low concentrations may 

not appear obvious due to lack of instantaneous mortaiity events. however, the prolonged 

period of reduced feeding creates reduced growth and may stress animals. 



4.5 Conclusions 

Low concentrations of ammonia are toxic to sea scallop spat. Spat exhibited 

consistently detenorating behavior from the n o m  between trials, including decreasing 

filtration rates and response, and increased mucus production, when exposed to 

increasing ammonia concentrations with 96-h LC,, values of 1 1.8 and 20.4 mg TANR. 

for 0.5 -1 .O mm shell height and 1 .O - 2.0 mm shell height scailops, respectively. These 

concentrations were 10-20 times higher than ammonia concentrations measured in 

hatchery rearing tanks which suggests that there would be no adverse affects over short- 

term exposure (Figure 4.1). Long term, or chronic, exposure to concentrations up to 5 mg 

TAN& however, may have an effect on the scallops as suggested by the filtration rates 

rneasured at 6.75 mg TANK. This indicates the need for investigation of chronic 

exposure to low dosage to determine what effects, if any, may be imposed upon scallops 

reared in hi& density situations. 



Chapter Five: 

Growth Rates of Ses Scallop, Placopecten magellanicus, Spat Reared in 

Flow-through Tanks 



S. 1 Introduction 

Flow-through tanks and raceways are cornmonly used in the nursery culture of 

bivalves (dePauw 198 1). They are a convenient transitional phase fiom the controlled 

hatchery to the uncertain farm environment for ongrowing to intermediate s ix .  Flow- 

through systems act as n a d  seawater columns, but allow the operator to access 

animals, control water quality, choose substrate, eliminate weather and avoid predatoe 

(Rhodes et al. 198 1). They deliver natural phytoplankton to cultured organisms to 

enhances growth and survival of bivalves. This study was designed to assess the 

feasibility of culturing nursery-sized scallops in a flow-through system at the Belleoram 

Sea Scallop Hatchery. 

Cornpared to other indoor nursery rearing systems, flow-through systems offer the 

best growth and survival. Bourne and Hodgson (1991) found Patinopecten yessoensis 

grew better and survival was four times higher in fiow-through tanks than in re- 

circulation tanks. Rhodes et al. (1981) found raceway growth rates of Argopecten 

irradiaru almost as high as open ocean pens, but much better than re-circulation tanks. 

Food availability and quality are the most important factors to consider in land- 

based nursery culture (Claus et al. 1983). Spat require increased amounts of different 

quality food than larvae (Claus et al. 1983; Young-Lai and Aiken 1986). The trend is to 

feed spat partially or solely on nahual phytoplankton (Coutteau and Sorgeloos 1991). 

Natural food supply, which consists of a complex mixture of organic and 

inorganic particles, is dificult to mimic in the laboratory situation and requires upkeep 

(dePauw 198 1 ; MacDonald and Ward 1994). Growth of bivalves, however, is enhanced 
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when fed enriched natural production (Riva and Lelong 198 1) and when cultured diet is 

supplemented by natural phytoplankton (O'Foighil et al. 1990). 

Scallops have a preference for the matenal on which they settie. Naidu et al. 

(1 98 1) found that Placopecten magellanicuî prefers gillnet to flat polyethylene strips for 

settlement. Tremblay (1988) reported that sea scallops set equaily on both tank surface 

and filaments. Pearce and Bourget (1996) fond  a preference for polyester filter-wool to 

nylon monofilament, polyester Astroturf, acrylic plastic, and adult sea scallop shells. 

Mesh bottom containers were used in the pilot scallop hatchery while solid fiberglass 

trays are now used. Spat settlement on these two substrata have not previously been 

compared. 

Culture of sea scallops in static (non-flow through) water tanks and fed cultured 

algae takes at least 40 d q s  (ai 30 pm/d) afier settlement to reach a size at which they are 

transferred to a fatm-based nursery. Flow-through culture may reduce this time. The 

purpose of this study was to determine the potential of flow-through nursery culture and 

the suitability of substrate for growing spat to a size to nursery-site. The hypotheses of 

this study were: 

(1) Growth rates of scallop spat in a fiow-through system will be higher than a non-flow- 

through system. 

(2) Growth rates of scallop spat in flow-through system will be highest on mesh trays 

compared with other substrates. 



5.2 Materials and Methods 

5.2.1 Study Site 

This snidy was camed out at the Belleoram Sea Scallop Hatchery (BSSH), 

Belleoram, on the south Coast of Newfoundland. 

5.2.2 Experimental Design and Set-up 

This study was designed to determine the potential growth rates of scallops grown 

in a flow-through system. To do this scallops of the same size class were placed in flow- 

through tanks and growth was monitored periodically. The effect of tray type was also 

examined by placing the scallops on trays suspended in the tanks. 

Scallops were obtained from BSSH on September 1 1, 1997. Size-grade was 750 

to 1000 pm shell height. Initial shell height was measured for thirty scallops. 

Four tray treatments were studied. Trays were made of 30 cm diameter PVC pipe 

about 5 cm high with one of four bottom types: smooth solid fibreglass trays (control), 

rough fibreglass trays, 290 ,um (diagonal) Nitex@ mesh or 500 Pm (diagonal) Nitex@ 

mesh. The smooth solid trays were considered the control because it was the sarne type 

of tray that is routinely used in the spat rearîng tanks at BSSH. Three replicates of each 

tray type were studied. Six trays were tied together in stacks and suspended fiom a 

crossbar at the top of the tanks. Two cylindrical200-L fibergiass tanks (1 .O m high x 0.5 

m intemal diameter) were used. Two tray types went in each tank with 5000 scallops per 
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tray initially . 

Water flow into the tanks was gravity-fed fiom a header-tank. htake water was 

purnped fiom 32 m depth, screened using a 20 Pm filter bag, collected in a 20-L header- 

tank and adjusted to flow at 1 L/s into experimental tanks. Food was delivered to tanks 

daily as needed to maintain densities above 20 cells/pL. 

5.2.3 Sarnpling Protocol 

Water temperature and food densities were measured daily. Food density was 

rneasured using a Coulter Counter 2F. Particulate matter was measured weekly 

(Appendix 3.3). Shell height of scallops on each tray type was also measured weekly. 

5.2.4 Data Analysis 

Data were analyzed using the SPSS statistical package for ANOVAs to determine 

the variation in shell height due to date, tray type and replicate. Paired T-test was used to 

determine equality of means for temperature, % POM and food densities in the hvo tanks. 



5.3 Results 

5.3.1 Shell Heights 

There were no significant differences in the shell heights of scallops used in the 

different tray types (Two-way ANOVA. F4.043, d.f.=3,360, P=0.374) or replicates 

(Two-way ANOVA, F=0.899, d.f.=2, 360, P=0.408). Mean initial shell height was 

92B12 km. 

Shell growth occurred in ail treatrnents (Figure 5.1). Shell heights did not Vary 

due to replicate (Three-way ANOVA; F=0.013, d.f.=2,1800, P=0.987). Significant 

differences in pooled replicate shell height were due to tray type (Two-way ANOVA; 

F=3.971, d.f.=3, 1800, P=0.008) and sample date (Two-way ANOVA; F47.427, d.f.= 4, 

1800, P~0.001). Largest mean final shell height (1 1 15*19 pm) was for the 500 Fm 

rnesh. Smallest mean final shell height (1022I23 pm) was for the solid smooth trays. In 

al1 treatments, loss of larger spat in the wash water at sampling may have caused the 

reduction in shell heights. 

Scallop growth rates on the four tray types were low at 3.45 pm/d (solid rough)! 

3.79 pm/d (290 pm mesh), 4.79 pm/d (solid smooth) and 6.65 pm/d (500 pm mesh). 

5.3.2 Water Quality 

Ambient sea water temperanire ranged fiom 3.0 to 1 1.2"C. Warming effects in 

the hatchery raised the tank temperatures slightly. Mean temperature for broodstock 
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tanks No. 5 and No. 6 were 1 1.3 and 1 1.1 O C  (Figure 5.2). No significant differences in 

temperature were found between tanks (Paired t-test; F1.863, d.f.=2 1, P=0.076). 

Mean food densities for two flow-through tanks were 34.8 (k5.9) and 28.4 (i4.1) 

cellslL (Figure 5.3). No significant differences were found between food densities 

(Paired t-test; t4.698, d.f.=2 1, P=O.lO4) or POM (Paired t-test; H . 3  18, d.f.=S, P=0.245) 

in the two tanks. Mean percent POM was 68% for both tanks (Figure 5.3) while mean 

food for the hvo tanks was 36 for tank 5 and 42 for tank 6. There were no significant 

differences between TPM (Paired t-test; ~ 2 . 1 1 9 ,  d.f.=j, P=0.088) or PIM (Paired t-test; 

t=0.826, d.f.=5. P=0.446). The pH in both tanks was also statistically similar (Paired t- 

test; t= 1 S78,  d.f.4, P=O. 130). 

The statistical similarities between the water quality parameten in the two tanks 

as well as the fact that the tank designs were identical rnakes the possibilities of 

pseudoreplication, or tank effect, minimal. 



5.4 Discussion 

5.4.1 Growth Rates 

Growth rates of scallops were influenced by substrate type. This was expected. 

Growth rates of scallops in the flow-through tanks were, however, not enhanced 

compared to scallops in the non-flow-through water tanks. This was unexpected. This 

may indicate that the cultured food quality was not adequate. 

5.4.2 Effect of Substrate Type on Growth Rates 

Despite the low growth rates, there was variation due to the tray substrate type. 

Growth rates were highest in the tank with the 500 prn mesh. This may have been due to 

its micro-environment (continuous flow of water) providing replenishment of food and 

better removal of fecal wastes. Under steady flow conditions sea scallop growth is higher 

than in fluctuating flow (Wildish and Kristmanson 1988). As well, at low currents, 

scallops are limited by the seston depletion effect (Wildish and Knstmanson 1985). 

5.4.3 Flow-through Protocol 

Growth rates were low and comparable to those of sea scallops deployed on the 

fm in late September and October for the deployment date study (Chapter 3) whose 

growth may have been hindered due to lack of acclirnation to the new environment. 

108 



Scallops in this experiment were also not acclimated to the flow-through tank temperature 

conditions. Despite the presence of both naniral and cultured food, scallops did not show 

enhanced growth. 'This indicates that regardless of the presence of high quaiity food, 

conditioning to more than food is important. Rodhouse et ai. (198 1) found that in an 

onshore nursery using enriched naturai phytoplankton, bivalve growth was limited by low 

temperature. Claus et al. (1983) also found that Osirea edulir, Crassostrea gigas and 

Venerupis sernidecussata exhibited poor growth under ambient flow-through conditions 

when cultured food was supplemented, but when transferred to heated conditions, growth 

rates and swiva l  improved. This indicates the importance of temperature also. Flow- 

through systems may be more usehl when both temperature and food quality are higher. 

Food quality is one of the main reasons why exposure to natural diets prior to 

deployment in the ocean is a common nursery protocol. Bay scallops gradually exposed 

to partially filtered seawater screened to 25 Pm, 50 pm and then 100 pm before transfer 

to the ocean at 2 mm shell height grew and survived better than scallops fed only cultured 

diets (R. Garrison, pers. comm.). Japanese scallop spat are reared in outdoor culture 

tanks using the natural phytopiankton (Couturier 1990). O'Foighil et al. (1990) found 

that when fed cultured diets Japanese scailops experience a mortality event 4-6 weeks 

afier metamorphosis possibly due to insufficient nutrition as growth remained poor 

despite additional cultured food. When fed natural phytoplankton, however, growth rates 

increased. Because of the superior growth many bivalves are fed partially or exclusively 

naturai phytoplankton afier they reach the nursery stage (Coutteau and Sorgeloos 1992). 



5.5 Conclusions 

Growth rates are enhanced by using 500 pm mesh instead of solid smooth or 

rough fiberglass trays or 290 Pm mesh trays. This may be due to the enhanced flow of 

water thus continuous replenishment of food and removal of fecal wastes to the micro- 

environment of the scallop. 

Poor growth rates were observed in the flow-through system in operation during 

September and October. Like any nursery culture approach, however, a flow-through 

system offen less control to the grower. The lack of control over water temperature was 

manifested in low growth rates of scallops. Because this was a preliminary investigation 

into the use of flow-through systems, there is much room for improvement. The general 

protocol implication that this study supports is that intake temperature and diet are 

important. Future research of nursery culture of sea scallops in a flow-through system is 

necessary to develop efficient protocols. 



Cbapter Six: 

Implications for Hatchery Management 



6.1 Introduction 

The energetic basis of bivalve aquaculture is to convert primary production into 

bivalve tissue with a net result of growth, however, this is poorly undentood (Grant 

1996). Understanding the importance of food is necessary to predict growth of bivalves 

under culture conditions for controlling size, density and mortality of animals, as well as 

developing economic projections and having stability in the industry (Grant 1996). This 

also applies equally to the selection of sites for growout or nursery culture strategies of 

sea scallops to an intermediate culture size of 7 mm. 

Research was performed fiom 1996 to 1998 to determine which conditions were 

better for growth and survival of nursery-sized scailops. The majority of factors studied 

were related to the food delivered to the scallops hence provided us with a better 

understanding of the importance of food in nursery culture. The findings of these studies 

concludes with a list of recomrnendations for the Belleoram Sea Scallop Hatchery to 

consider as ways of improving growth rates and recovery of nursery-sized scallops. 



6.2 Recommendations for Improving Nursery Culture of Sei  Scallops 

6.2.1 Initial Mesh/Depth/Gear TypefDensity Studies 

1) Scallops should be transferred when they are large enough ie. 1.4 mm shell height as 

there were no benefits to growth rates or recovery until shell height was >3.0 mm and 

earlier deployment may ensure optimal nursery conditions. 

2) Size grading of scallops ~ 3 . 0  mm shell height needs to be irnproved to overcome loss 

of marginally-sized scallops through mesh. 

3) 1.5 mm mesh pearl nets are not recomrnended for deploying nursery-sized scallops 

due to flaws in the mesh. Collector bags thus are the only current option for deployment 

of scallops c3.0 mm shell height, however, due to impediments of flow in the bread tray- 

collector bag set-up, it is advised thai design of the bread tray be altered to allow flow or 

when scallops reach 3.0 mm they be transferred to pearl nets where flow is more suitable. 

4) Deploy any nursery-sized scallops at 5 m rather than 10 m for enhanced growth. 

Deployrnent at greater depths should be investigated for a variety of nursery-sized 

scallops earlier than October to determine the potential for culture. 

5) Deploy scallops >3.0 mm shell height in peul nets rather than collector bags for 

enhanced growth and recovery. 



6) Deploy scallops 2.0-3.0 mm shell height at 5200 spathag rather than 2600 spatfbag as 

there was no benefit to growth or recovery at 2600 spathag thus more production is 

gained per unit of equipment at the higher density. 

6.2.2 Deployment Date and Remote Set Study 

1) Deployrnent of nursery-sized scallops should occur during July, August and early 

September to attain maximal growth rates and recovery of scallops. This is due to the 

provisions of the natural environments to help scallops overcome the change in 

environrnent fiom the hatchery to the fm-based nursery. With respect to deploying 

scallops, the hatchery should monitor the nursery environment routinely to determine, 

temperature and food availability as well as settlement of the sea star, the main predator 

of suspended sea scallops, so as to better predict when deployment will offer high growth 

and recovery. This should allow the hatchery to better estimate the effect of spatial 

variability of their product and determine both time of availability as well as numbers for 

the growers. This may have implications for the hatchery operating its own nursery site 

rather than one at a local scallop f m .  

3) To improve the growth rates and recovery of scallops deployed after early September 

(thus in essence to widen the window of opportunity for deployment) the hatchery needs 

to develop a diet that is high in essential fatty acids so that scallops c m  store adequate 

reserves so that they are able to physiologically adjust to the nursery environrnent. As 

well, developing a protocol for gradual exposure of scallops to the nursery environment 
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temperatures and food levels may aid scallops in being more resilient when transferred to 

the actual nursery environment such as a flow-through system. 

3) Deployment of scallops through remote set requires the improvement of sea scallop 

settlement on V e x d  or some other substrate. This may be improved by the use of a 

downwelling system during settlement as more scallops are concentrated per area of 

settlement. Deployment of remote set scallops would allow deployment of more 

spawned batches of scallops due to the faster turnover of tanks (approximately 40 days) 

compared to growing scailops to a larger size (80 days). The hatchery should consider 

deploying at least part of their seasonal production using remote set practices to also 

widen the window of deployment earlier in the year in combination with practices of 

using a higher quality diet. 

6.2.3 Toxicity of Arnmonia to Sea Scallop Spat 

1) Lethai concentrations of amrnonia are not found in the hatchery rearing tanks for post- 

larval scallopso however, because sub-lethal concentrations did cause reduced filtration 

rates, an investigation should be carried out with respect to chronic exposure to low 

concentrations of amrnonia to assess the risk of mortality or long-term effects on scallops. 



6.2.4 Flow-through Culture of Nursery-Sized Sea Scailops 

1 )  If any flow-through culture is performed, trays should be 500 prn mesh rather than 

solid or smaller mesh trays. 

7) Flow-through should be investigated at surface waters where temperature is higher and 

available food is more diverse, and during wanner months, i.e., July, August and early 

Septernber, to detemine the possibilities of using flow-through as a transitional phase 

from the hatchery to the fami-based nursery. 



6.3 Conclusions 

Based on the fidings of the sea scallop nursery research and the subsequent 

recomrnendations, the Belleoram Sea Scallop Hatchery should have a better 

understanding of the requirements of the nursery environment. By improving their 

current practices and implementing new protocol, the length of tirne for scallops in the 

nursery stage should be decreased and the total production should be increased thus 

fulfilling the goals of a typical nursery culture practice. 
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Tables 



Table 2.1 : ANOVA of interval growth rates of scallops in a fann-based nursery at Shell 
Fresh Fanns Ltd., Pool's Cove, NF, fiom October 1996 to July 1997, on the basis of date, 
depth and mesh size. 

Source Type 111 Sum of df Mean Square F Sig. 

Corrected Model 22491.333 29 
Intercept 80066.732 1 

Date 13887.542 3 
Equi pment 8640.926 3 

Depth 1359.512 1 
Date * Mesh Size 896.423 8 

Date Depth 814.539 3 
Mesh Site * Depth 60 1.750 3 

Date * Mesh Size * Depth 797.666 8 
Error 8079.305 74 
Total 102368.127 1 04 

Corrected Total 30570.638 1 03 
a R Squared = .736 (Adjusted R Squared = ,632) 



Table 2.2: ANOVA of transformed percent recovery of scallops grown at a farm-based 
nursery at Shell Fresh Famis Ltd., Pool's Cove, NF, fiom October 1996 to July 1997, on 
the basis of date, depth, and mesh size factors. 
-- - - 

Source Type III Sum df Mean Square F Sig. i 

Corrected Mode1 2.168 29 7.477 x 1W2 7.190 .O00 1 
Intercept 66.908 1 66.908 6434.332 .O00 ! fi 

.478 3 .159 Date 15.314 .O00 1 
Mesh Size 

Depth 
Date * Mesh Size 

Date * Depth 
Mesh Size * Depth 

Date * Mesh Size * Depth 
Error 
To ta1 

Corrected Total 
a R Squared = .738 (Adjusted R Squared = .635) 

Table 2.3: ANOVA of transformed percent recovery of scallops deployed fiom October 
1996 to May 1997, at Shell Fresh Farms Ltd., Pool's Cove, NF, on the basis of mesh size 
and depth factors. 

Source Type III Sum of df Mean F Sig. 
Squares Square 

Corrected Mode1 .456 7 6.511x102 4.178 .O06 
Intercept 17.275 1 17.275 1108.345 .O00 ' 

Mesh Size .43 8 3 .146 9.362 .O00 1 

Depth 7.907 x 103 1 7.907 x IO3 .507 .485 [ 
1 

Mesh Size Depth 9.365 x IO3 3 3.122x103 .200 .895 : 
Error .3 12 20 1 . 5 5 9 ~  102 l 

Total 18.1 10 28 
27 Corrected Total .767 l 

a R SqWed = .594 (Adj usted R Squared = ,452) 





Table 2.5: Pearson correlation coefficients (r) of water quality pürarneters with interval growth rates and recovery of spat 
grown at Shell Fresh Farms Ltd., Pool's Cove, NF, from October 9, 1996, to July 3, 1997. 

Salinity C hlorophy Il- 
a 

Aa!L 
.O62 

DO, l W.) 

' 
Turbidity 
( formazin 

turbidity units) 
-.22 1 

Light intensity 
(microeinsteins) 

Interval 
growth rates 

Pearson 
Correlation 

- - 

Sig. 
( 1  -tailed) 

N 
Transfonned 

recovery 
rates 

Pearson 
Correlat ion 

Sig. 
(1 -tailed) 
N I Or) 
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Table 2.7: Total dry weight of fouling organisms and description of fouling on top and bottom of 1.5 and 
pearl nets and 1.2 and 2.0 mm collector bags held at Shell Fresh Farrns, Ltd., Pool's Cove, NF, fiom October 
1996 to July* 1997. (*3.0 mm mesh fouling was from October 1996 to May 1997) 

Mesh Size Depth Fouling mass 
(mm) (m) (mg/cm2) Top coverage Bottom coveraye 
1.2 5 1.89 slight algae light silt and clams 
1.2 5 O. 93 slight algae light silt and clams 
1.2 5 0.47 sparse algae, clams and worm tubes moderate silt 

inoderate silt and algae, clams and worm tubes 
light silt, clams, algae 
light silt, clams, algae 

light silt, worm tubes and clams 
light silt, worm tubes and clams 

ai gae 
algae 
algae 

slight algae 
light fouling and silt 

light fouling 
light silt, algae, worm tubes and clams 

light silt, worm tubes and clams 

light silt, clams and worm tubes 
light silt and clams 
light silt and clams 
light silt and clams 
light silt and clams 
light silt and clams 
light silt and clams 
light silt and clams 
light silt and clams 
light silt and clams 
light silt and clams 

light silt 
light silt and clams 

2 5 O. 18 light silt, worm tubes, clams, algae and bryozoan light silt, clams and wom tubes 
2 5 0.71 light silt, algae, clams, worm tubes light silt and clams 
2 I O  O. 30 light silt, clams and worm tubes light silt and clams 
2 10 O. 14 light silt, few clams, worm tubes light silt 
2 10 0.15 light silt, clams and worm tubes light silt 
2 10 0.14 light silt, clams and worm tubes light silt 



Table 2.7: (cont.) Total dry weight of fouling oganisiiis and description of fouling on top and bottom of 1.5 and 
3 .O mm pearl nets and 1.2 and 2.0 mm collector bags held at Shell Fresh Farms, Ltd., Pool's Cove, NF, from October 
1996 to July* 1997. ('3 .O mm mesh fouling was fiom October 1996 to May 1997) 

Mesh Size Depth Fouling mass 
(mm) (m) (rng/crn2) Top coverage Bot tom coverage 
3 5 4.49 algae and lots of tiny invertebrates light silt and clams 
3 5 1.67 algae light silt and clams 
3 5 1.61 algae light silt and clams 
3 1 O 0.49 heavy silt light silt and clams 
3 1 O 0.40 heavy silt- few algae and clams light silt and clams 
3 10 O. 28 heavy silt light silt and clams 



Table 2.8: ANOVA of rnacrofouling accumulation on fm-based nursery equipment at 
Shell Fresh Farms Ltd., Pool's Cove, NF, fiom October 1996 to July 1997, due to date, 
depth and mesh size factors. 

Source Tvpe III Sum of Sauares df Mean Square F Sin. 
Corrected Mode1 265.46 1 29 9,154 9.633 .O00 

Intercept 85.93 9 1 85.939 90.438 .O00 
Date 75.490 3 25.163 26.481 .O00 

Mesh size 68.197 3 22.732 23.922 ,000 
Depth 20.080 1 20.080 21.13 1 .O00 

Date * Mesh Size 70.4Ç4 8 8.8 12 9.273 .O00 
Date * Depth 16.158 3 5.386 5.668 .O01 

Mesh Size * Depth 20.743 3 6.914 7.276 .O00 
Date * Mesh Size *Depth 17.1 14 8 2.139 2.251 .O33 

Error 70.3 19 74 .950 
Total 400.575 1 04 

Corrected Total 335.779 1 03 
a R Squared = ,791 (Adjusted R Squared = .709) 

Table 2.9: ANOVA of silt accumulation on fàrm-based nursery equipment at Shell Fresh 
Farms Ltd., Pool's Cove, NF, fiom October 1996 to July 1997, due to date, depth and 
mesh size factors. 

1 Source T v ~ e  III Sum of Squares df Mean Sauare F Sig. 
Corrected Mode1 62.496 29 2.155 31.142 .O00 

Intercept 102.222 1 102.222 1477.2 .O00 
Date 11.140 3 3.713 53.659 .O00 

Mesh size 36.55 1 3 12.184 176.06 -000 
Depth 5.734 1 5.734 82.856 ,000 

Date * Mesh Size 4.71 1 8 .5 89 8.510 .O00 
Date * Depth 1.278 3 ,426 6.154 .O01 

Mesh Size * Depth 4.596 3 1 .532 22.139 .O00 
Date * Mesh Size *Depth 2.25 1 8 .28 1 4.067 ,000 

Error 5.121 74 6.920 x 10'' 
To ta1 155.740 1 04 

L Corrected Total 67.6 1 7 1 03 
a R Squared = .924 (Adjusted R Squared = ,895) 



Table 2.10: a) Tukey-B test results for shell height replicates of scallops held in pearl nets 
held at Shell Fresh Farms Ltd., Pool's Cove, NF, from October 1997 to May 1998. 

Replicate N Subset 
1 2 3 L 

1 1 .O0 60 15.1735 1 
Means for groups in homogeneous subsets are displayed. Based on Type III Sum of 
Squares The error term is Mean Square (Error) = 9.260. 
a Uses Harmonic Mean Sample Size = 60.000. 
b Alpha = .05. 

b) T~-ikry-B test results for shell height replicates of scallops held in collector bags at 
Shell Fresh Farms Ltd., Pool's Cove, NF, from October 1997 to May 1998. 

r - N Subset 1 

4.00 30 1 1.6827 
6.00 30 1 1.7720 
5 .O0 30 12.3257 
3 .O0 30 12.5730 
2.00 30 13.1837 
1 .O0 30 13.7410 

Means for groups in homogeneous subsets are displayed. Based on Type III Sum of 
Squares The error term is Mean Square (Error) = 9.452. 
a Uses Harmonic Mean Sample Size = 30.000. 
b Alpha = .O5 
c Equipment = 1.00 





Table 3.1 : Independent t-test results between initial and final sliort-term interval shell heights for the five different 
deployment intervals at Shell Fresh Farms Ltd., Pool's Cove, NF, beginning in August 1997. (D indicates deployment 
interval). 

1 Levene's Test t-test for Equality of Means 1 
for 

Equality of 
-- 

Equal F Sig. t d f Sig. Mean Std. Error 95% Confidence Interw 
variance (2-tai led) Di fference Di fference of the Difference 

l 

DI assumed 5 1.869 
not assumed 

D2 assurned 83.884 
not assumed 

D3 assumed 48.580 
not assumed 

D4 assumed 34.819 
not assumed 

D5 assumed 2.267 
not assumed 











Table 4.3: Behavior of scallop spat ( 1  .O- 2.0 mm shell height) aFier 96-hour exposure to different total ammonia nitrogen 
(TAN) concentrations. Response includes the retracting of mantles and closing of valves. Similar behavior was observed in 
scallop spat (0.5 to 1 .O mm shell height) over the amnionia concentration range O to 27 mg TAN/L. 

1 Arnmonia concentration 
(mg TANIL) 

Trial 1-4 

Gaping, most with tentacles fully (some partially) extended; immediate response; some 
swimming, moving with foot or clapping valves. 

Gaping, most with tentacles pûrtially or not extended; none to immediate response; few 
moving; few swimming. 

Majority gaping with mantle retracted andor irregularly attached or gone or not gaping 
at all; few with tentacle pürtially extended; none to immediate response; mucous 

production, in some cases extensive. 

Majority gaping with mantle retracted and/or irregularly attached or gone; none with 
tentacles extended; none to irnmediate response; mucous production, in some cases 

extensive. 

36 Few gaping, most closed with rnantle retracted; none with tentacles extended; majority 
had no response; mucous production in a few. 
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Figure 1. 1 : Life cycle of the scallop (adapted from Bourne et al. 1989). 



m Tonnage 
-+- Vaiue 

Figure 1.2: Production and value of cultured sea scallops in 
Newfoundland from 1985 to 1997 (Source: Department of Fisheries 
and Oceans Statistics Board 1999). 
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Figure 2.1 : Location of Shell Fresh Farms Ltd., Pool's Cove. NF, showing 
the three main areas of the farm; The Run (TR), Fox Point (FP) and 
Ladder Garden (LG). Ladder Garden is the site of the farm-based nursery. 
(adapted fiom Department of Environment and Lands 1993) 



NOTE TO USERS 

Page(s) not included in the original manuscript and are 
unavailable from the author or university. The manuscript 

was microfilmed as received. 

This reproduction is the best copy available. 



Mesh size (mm) 
Figure 2.2: Mean shell height (*S.E.) of hatchery-reared scailop spat grown in four 
mesh sizes at two depths at Shell Fresh Fams Ltd., Pool's Cove, NF, starting on a) 
October 9, 1996 (n=30 for ail mesh sires) and as sampled on b) November 25, 1996, 
c) March 1, 1997 (* n=90), d) May 1 ,  1997, and e) July 3, 1997 (**n=O). Common 
letter denotes no significant difference among shell heights for equipments on each 
sample date (Tukey's-B test). 

160 



Mesh size (mm) 
Figure 2.3: Mean interval growth rates (*S.E) of scallops held in four mesh sizes at 
two depths over four time intervals at Shell Fresh F m  Ltd., Pool's Cove, NF, 
from a) October 9 to November 25, 1996, b) November 25, 1996 to March 1, 
1997 (*n=3), c) March 1 to May 1 ,  1997, and d) May 1 to July 3, 1997 (**n=O). 
Cornmon letters denote no signiiicant differences among recovery for mesh sizes 
on each sarnple date (Tukey's-B test). 



Mesh size (mm) 
Figure 2.4: Mean recovery ( S . E . )  of scdops deployed on October 9, 1996, in 
four mesh sizes at two depths at Shell Fresh Farms Ltd., Pooi's Cove, NF, as 
sampled on a) November 25, 1996, b) March 1, 1997 (*n=3), c) May 1 ,  1997, and 
d) July 3, 1997 (* *n=O). Cornmon letters denotes no sigruficant difEerence among 
recovery for each mesh size on each sample date (Tukey's-B test). 



Mesh size (mm) 

Figure 2.5: Mean initial (live) and final (live and dead) shell heights (k S.E.) of 
scallops held in 1 -2 and 2.0 mm mesh collecter bags and 1.5 and 3 -0 mm pearl nets 
on a farm-based nursery at Sheil Fresh Farms Ltd., Pool's Cove, W, fiom October 
9, 1996 to May 1, 1997. 



1.5 2 
(n=3) (n=4) 

Mesh size (mm) 

Figure 2.6: Mean macrofouling accumulation (*S.E.) on four mesh sizes of equiprnent 
suspended at two depths on October 9, 1996, at Shell Fresh Farms Ltd., Pool's Cove, 
NF, as sampled on a) November 25, 1996, b) March 1 ,  1997 (*n=3), c) May 1,  1997, 
and d) July 3, 1997 (**n=O). Cornmon letter deontes no sigmficant difference among 
macrofouling on mesh sizes for each sample date (Tukey's-B test) 

164 



1.2 1.5 2 
(n=4) (n=3) (n=4) 

Mesh size (mm) 

Figure 2.7: Mean silt accumulation (*S.E.) on four mesh sizes of equipment 
suspended at two depths on October 9, 1996, at Shell Fresh Farms Ltd., Pool's Cove, 
NF, as sampled on a) November 25, 1996, b) March 1, 1997 (*n=3), c) May 1 ,  1997, 
and July 3, 1997 (**n=O). Common letter denotes no significant dserence among silt 
accumulation on mesh sizes for each sample date (Tukey's-B test). 



Collector bag Pearl Net 

Gear type 

Figure 2.8: Mean macrofouling accumulation (k S.E.) on 3.0 mm mesh gear 
held at Shell Fresh Farrns Ltd., Pool's Cove, NF, from October 1997 to May 
1998 (n=3). 
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Figure 2.9: Mean initial and final shell heights (A S.E.) of scallops grown in 
3.0 mm gear at Shell Fresh Farms Ltd., Pool's Cove, NF, fiom October 1997 
to May 1998 (n=90). 
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Figure 2.10: Mean growth rates and recovery (* S.E.) of scallops grown 
in 3.0 mm gear at Shell Fresh Farms Ltd., Pool's Cove, NF, fiom 
October 1997 to May 1998 (n=3). 



3 Final Initial / 

Density (spatf coilector) 

Figure 2.1 1 : Mean initial and final shell heights (* S.E.; n=3 0) of scallops in 
2.0 mm collecter bags grown at two densities at Shell Fresh Famis Ltd., 
Pool's Cove, NF, from October 1997 to June 1998. 



Figure 2.12: Mean growth rates and recovery (* S.E.) of scallops in 2.0 mm 
collecter bags at two densities grown at Shell Fresh Fanns Ltd., Pool's Cove, 
NF, fiom October 1997 to June 1998 (n=3). 



04-Aug 22-Aug 07-Sep 26-Sep 19-Oct* 

Start date of deployment intervals 

Figure 3.1 : Mean sheil height (* S.E.) of scallops at the end of deployment 
over five consecutive two week intervals in 1997, and on November 8, 1997, 
and June 24, 1998, at Shell Fresh Farms Ltd., Pool's Cove, NF. The start date 
of an interval was the end date of the previous short-term interval. Common 
letter denotes no significant difference among mean shell heights for each 
sample penod (Tukey's B test). [*long-terni equals short-term shell height for 
this date] 



04-Aug 22-Aug 07-Sep 26-Sep 19-Oct 

Start date of deployment interval 

Figure 3 -2: Mean growth rates and recovery (* S.E.) of scallops over 
consecutive deployment intervals at Shell Fresh Farms Ltd., Pool's Cove, NF. 
The start date of an internai is the end date of the previous interval. Comrnon 
letter denotes no significant difference in growth rates or recovery rates among 
intervals (Tukey's B test). 
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Figure 3 -3: Mean growth rates and recovery (* S.E.) of scailops deployed 
at a farm-based nursery at SheU Fresh Farms Ltd., Pool's Cove, NF, on 
five dates in 1997 and sampled on November 8, 1997, and June 24, 1998. 
Common letter denotes no significant dinerence in growth rates or 
recovery rates among intervals (Tukey's B test). 
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Figure 3.4: Water quality at Shell Fresh Farms Ltd., Pool's Cove, NF, £tom July 
15 to November 22, 1997. a) Temperature and salinity (* S.E.; n=3), b) seston, 
c) chlorophyll and phaeopigments at 5 m. (TPM-total partinilate matter; POM- 
particdate organic matter; LG-Ladder Garden; FP- Fox Point; TR- The Run) 
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Figure 3.5: Total plankton densities at three areas of Shell Fresh 
Fams Ltd., Pool's Cove, NF, fiom July 15 to November 22, 1997. 

190 210 230 250 270 290 3 10 330 
Day of year 

Figure 3.6: Mean density (* S.E.) of total plankton density over 
five intervals of scallop deployment on a farrn-based nursery at 
Shell Fresh F m  Ltd., Pool's Cove, NF (n=3). Intervals began on 
August 4 (day 2 16) and ended on November 8, 1997 (day 3 12). 
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Figure 3.7: Mean density of a) four dominant and b) three less dominant groups 
of major plankton at Shetl Fresh Farms Ltd., Pool's Cove, NF, fiom July 15 to 
November 22, 1997. 
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Figure 3.8: Mean density of a) dominant and b) less dominant plankton 
species that showed a declining trend over intervals of scallop deployment at 
a fm-based nursery at Shell Fresh Farms Ltd., Pool's Cove, NF, from July 
15 to November 22, 1997. 
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Figure 3.9: Biovolume frequency of different plankton groups at 
5 m at Shell Fresh Farms Ltd., Pool's Cove, NF, fiom July 15 to 
November 8, 1997. Microzooplankton: ciliates, tintinnids and 
choanoflagellates. Centric diatoms: long chained species. 
Pennate diatoms: single-celled species. Auto-nanoflagellates: al1 
2 to 20 pm flagellates. Dinoflagellates: autotrophic and 
heterotrophic species. 
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Figure 3.10: Particle site fiequency distribution of plankton at Ladder Garden, 
Shell Fresh F a m  Ltd., Pool's Cove, NF, over five consecutive deployment 
intervals of scallops at a farm-based nursery. 
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Figure 3.1 1 : Mean sea star settlement (k S.E.) at three areas of Shell Fresh Farms 
Ltd., Pool's Cove, NF, fiom July 15 to November 22, 1997 ( ~ 8 ) .  
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Figure 3.12: Mean shell height and number (A S.E.) of scallops set on 6 mm 
V e x d  before and &er traasfer and afker deployrnent at a fann-based nursery at 
SheU Fresh Farm, Pool's Cove, NF, fiom June 29 to July 3 1, 1998. Common 
letter denotes no signifiant ciifference arnong shell heights or number of scallops 
present for the sample times (Tukey's B test). 
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Figure 3.13 : Temperature, salinity and chlorophyll-a levels at Ladder Garden, 
Shell Fresh Farms Ltd., Pool's Cove, NF, fiom Iuly 7 to August 28, 1998. 
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Figure 3.14: Total phytoplankton density at 5 m at Ladder Garden, Shell Fresh 
Farms Ltd., Pool's Cove, NF, fiom April29 to Juiy 2 1, 1998. 
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Figure 3.15: Biovolume contributions of different groups of plankton 
at 5 m depth at Shell Fresh Farms Ltd., Pool's Cove, NF, fiom April 
29 to July 2 1, 1998. Microzooplankton: ciliates, tintinnids and 
choanoflagellates. Centric diatoms: long chained species. Pennate 
diatoms: single-celled species. Auto-nanoflagellates: al1 2 to 20 pm 
flagellates. Dinoflagellates: autotrophic and heterotrophic species. 
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Figure 3.16: Particle size fiequency distribution of plankton at Sheii Fresh 
Farms Ltd., Pool's Cove, NF, from April29 to July 21, 1998. 



Total ammonia concentration (m&) 

Figure 4.1 : Mean percent s u ~ v a l ( *  S.E.) of two size classes of scallops 
exposed to five concentrations of total ammonia (n=3) for a 96-hour period. 
Common letter denotes no significant difference in s u ~ v d  arnong the 
different ammonia concentrations (Tukey's B test). 



55  
+ Control 

50 -- & O  mgTANn 
+ 6.75 mg TANL 

45 -- 4- 13.5 mg TANL * 20.25 mg TANL 
40 ' 

30 -- A n 
Q 

Figure 4.2: Mean densities of cultured phytoplankton (* S.E.) over a 96-hour 
penod in five total amrnonia nitrogen concentrations (mg TANIL). 

ïinne (h) 
Figure 4.3: Mean fütration rate of scaiiop spat (640 pm shell height) held in five 
arnrnonia nitrogen concentrations (mg TAN/L) for a 96-hour period. [Tukey's B 
test: Filtration for different concentrations (20.25=27= 13.5=6.75) < 
( 13.75=6.75=0); Filtration rates over time (48=72=24=0)] 



The (hl 
Figure 4.4: Mean concentration of phytoplankton (* S.E.) in recovery 
baths of scallops hzld in different total ammonia nitrogen concentrations 
(mg TANIL). 

Thle (hl 
Figure 4.5 : Mean filtration rates of scailops held in recovery bath after 
96-hour exposure to four concentrations of total ammonia nitrogen 
(mg T m ) .  The highest concentration of 27 mg TANn killed ail 
scailops hence a recovery bath was not necessary. 
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Figure 5.1 : Mean sheil height (k S.E.) of scailops grown in a flow-through tank on four 
tray types (n=90). Common letter denotes no significant difference among shell heights 
for different dates (Tukey's B test). 



1 -+ Food level-Tank 5 -c Food level-Tank 6 1 
+ Food leve l -Me + % POM-Tank 6 

200 + % POM-Intake 
1 O0 

180 95 
160 90 
140 

h 

85 8 
120 
1 O0 

80 r 
75 2 

80 70 
60 65 
40 60 
20 55 
O 50 

Figure 5.2: Total (cultured + natural) and natural food densities and percent 
particulate organic matter (POM) in flow-through tanks. (Tank No. 6 had 
Solid Srnooth, 290 pm trays and Tank No. 5 had Solid Rough1500 Fm trays) 

Figure 5.3 : Daily water temperature in flow-through tanks and intake line. Both 
experiments ran for 28 days (Solid Rough/ 500 pm was started four days later 
than Solid Smoothl290 pm). 



Appendices 



Appendix 1 . 1  : Classification of the sea scallop (Bnisca and Bmca 1990; Waller 199 1). 

Kingdom Animalia 

Phylum Mollusca 

Class Bivalvia 

SubClass Pteriomorphia or Lamellibranchia 

Superorder Filibranchia or Pteriomorphia 

Superfamily Pectinacea 

Family Pectinidae 

Supragenera Palliolum 

Genus and Species Placopecten magellanicus (Gmelin, 1 79 1 ) 



Appendix 2.1 : Mesh sizes of equipment and the dimensions of the mesh used for size 
grading. 

- 

desh Type 
.O mm pearl net 

Average 
.5 mm pearl net 

!.O mm collector bag 1.30 
lSO 1.70 ( 1.30 

Average 
.2 mm collecter bag 

Length (mm) 
2 -40 
2.30 
2.30 
2.3 3 
1.20 
1.20 

1.20 
1 .O0 
1.10 
1.20 

- - 

Average 
3.0 mm Vexas 

Average 
2.0 mm Vexar 

Width (mm) 
1.10 
1.30 
1.20 
1.20 
0.40 
0.40 

Average 

Diagonal (mm) 
2.64 
2 .O4 
2.59 
2.62 
1.26 
1.26 

0.43 
0.60 
0.70 
0.80 

- 

1.60 
2.20 
2.10 
2.10 
2.13 
1.80 
1.70 

1.28 
1.17 
1.30 
1.44 

1.60 
1.70 

1.30 
1.80 
1.90 
2.00 
1.90 
1.10 
1.10 

- --- 

2.06 
3 .O0 
3.20 
2.80 
3 .O0 
1.80 
2.00 

1.10 
1.10 

1.90 
1.90 



Appendix 2.2: Size differential between scallop shell height after screening and 
maximum mesh dimension (diagonal). 

1 Holding unit 1 Mesh Size ( Pre-Screen 1 ~ i z e  differentiall Size Differential 1 
I (mm) (mm) I (mm) YO I 

1 Average* 1 0.2 12.38 1 
* not including 2.0 mm Collector bag 

3 .O mm Pearl Net 
1.5 mm Pearl Net 
2.0 mm Collector Bag 
1.2 mm Collector Bag 

The size diflerential is the difference between the maximum dimension of the pre- 

screen mesh and the mesh the scallops will be held in on the farm-based nursery. Because 

, 

2.8 
1.5 
2 
1.2 

there was no difference between the 2.0 mm mesh and its pre-screen mesh dimensions, 

there was no size differential. Based on the average percent size differential of 12.38% for 

3 
1.7 
2 
1.4 

the other three holding units, the 2.0 mm mesh should have had a maximum mesh 

dimension of 2.24 mm mesh to retain 100% of its scallops. The similarities in pre-screen 

0.2 
0.2 
O 

0.2 

and holding mesh sizes allows for marginally sized scallops to fa11 through equipment. In 

7.14 
13.33 
0.00 
16.67 

the case of the 2.0 mm collector bags, any scallop less than 2.2 mm may have fallen 

through. that is if the mean size differential is actually adequate enough and size grading 

methods are eficient. 





Appendix 2.4: Floor coverage cf scallops in the four equipment types based on size and 

1 Equiprnent type 

i 1.5 mm pearl net 

1.2 mm collector 
bag 

2.0 mm collector 

1 3.0 - net 

3 .O mm collector 

2.0 mm coilector 

- - 

Scailop area 
(mm2) 

Mean SH 
(mm) 

1.75 

3.94 

1.43 

Y0 
Coverage 

2.88 

7.94 

3.22 

12.07 

Density 
(spatlunit) 

1463 

799 

6040 

Area (mm2)/ 
unit 

122,500 

132,500 

3 20,000 



Appendix 2.5: Length and weight of Netron used in collector bags. 

Sarnple Length (cm) Mass (g) 

1 88.50 34.96 
2 91.60 34.48 
3 89.30 34.56 

Average 89.80 34.67 



Appendix 2.6: Sample calculations for measurements made throughout the study. 

a) Fouling and siltation calculations: 

Weigh numbered aluminum dish and record. 

To obtain dry weight, oven dry at 80°C, for 24 hours or until constant weight. 

Weigh the Jriined dish plus fouling. 

Fouling weight (g) = p i s h  weight + fouling (g)]-Dish weight (g) 

Exampie: 

Sample: Bottom 1.5 mm Pearl net on string at 10 m on July 3 

Dish weight (g) = 2,6130 Dried [Dish weight + fouling (g)] = 5.2558 g 

Fouling weight (g) = 5.2558 g -2.6 130 g = 2.6428 g or 2642.8 mg 

Pre-weigh an ash-fiee glas fibre filter. Filter a sub-sample known volume from the water 

used to wash the silt from the equiprnent. Weigh an aluminurn dish. Place filter in dish 

and in oven at 80°C for 24 hours or until constant weight. 

Siltation = [Dish wt + filter wt +silt wt (g)]- [dish wt + filter wt(g)] x Total volume ILI 
subsample volume (L) 

Sample: Bottom 1.5 mm Pearl net on string at 10 m on July 3 

Volume of water = 0.05 L of 15.5 L Filter weight (g) = 0.0889 g 

Dish weight (g) = 1.0145 g Dish weight + filter +silt (g) = 1.1 135 g 

Total Silt (g) = (1.1135 - 1.0145- 0.0889) x 15.510.05 = 3.131 g or 3131 mg 



Standardization of siltation and fouling (for comparing collector bags and pearl nets): 

Silt or fouling m@crn2 = Total dry weieht (siltation or foulirg in mg) 
total surface area (top and bonom; in cm') 

Based on previous exampie: 

Fouling mg/cm2 = 2642.8 mg/2450 cm2 = 1 .O8 mg/cm2. 

Siltation mg/ cm& 3 13 1 mg12450 cm' = 1.27 rnglcm'. 

b) Growth rates of scallops 

Growth rates are dependent on an initial and final S, over a known time period. 

Growth rate (pm/d) = Mean F b l  S , w  Initialuml 
Number of days 

Sample growth rate calculation: 

For scallops grown in 1.5 mm pearl net at 10 m. 

Growth rate (pm/d) = 72 1 0 Pm- 1 753 ym = 20.4 pm/d 
267 d 

C) Recovery calculations 

Recovery rates are dependent on an initiai and final numben of live scailops in 

equipment An actual total count was taken for the scallops in pearl nets, however, 

because the density in the collector bags was higher total spat volume was measured. 
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This was sub-sampled for nurnber dive. This value was then used to backtalculate the 

mean final total spat live. 

Percent recovery (%) = LOO x Mean Final Total Live Scalloy 
Mean Initial Count Scallops 

Sample percent recovery (%) calculation: 

For scallops grown in 1.5 mm pearl net* at 10 m. 

Percent recovery (%) = 100 x 787 scallops = 53.8% 
1463 scallops 

*total number of scallops were counted in the pearl nets 



Appendix 2.7: Estimatcd counts and loss in nursery units according to estiniated % undersized spat loaded into each unit. 

# 

Shell Height 
(mm) 
>3.0 
2.0-2.9 
1.7- 1.9 
1.4- 1.6 

1 

# this does not account for the lack of a size differential (Appendix 1.2) 
* afler loss through mesh has occurred 
**for total number of  replicates in experiment (n=24 for 1.2 and 3.0 mm pearl nets; n=32 and 30 for 1.2 and 2.0 mm collecter 
bag, respective1 y) 

Stock Density 
(spat/ unit) 

799 
7368 
1463 
6040 

Estimated loss* * 

1272 
1 5726 
1 0534 

38,656 
66.188 

# undersized 
per unit 

53 
49 1 
439 
1208 

Estimated 
% undersize 

6.67 
6.67' 

30 
20 

Expected # 
in eacli unit* 

746 
6877 
1 024 
4832 

Total 



Appendix 3.1 : Fixation of phytoplankton samples with Lugol's iodine. 

Lugoi's lodine: 10 g KI (Potassium Iodide) 

20 rnL water 

5 g I2 (Iodine) 

50 mL water 

5 g NaCzH,0*3Hz0 (Sodium acetate trihydrate) 

L x  the ingredients in the order given and stir it well to dissolve the iodine chips. 

Store the solution in a Nalgene bottle. 

Filter 1 L of sea water with 290 grn mesh. For fixing the sea water sarnples, add 

10 mL Lugol's Iodine (about 1 % of the 1 L seawater) and 10 mL 37% formaldehyde 

(about 1 % of I L sea water). 



Appendix 3.2: Calculation for phytoplankton densities. 

Before phytoplankton density calculations can be made measurements of total 

area of 10 rnL settling charnber and grid on the Zeiss Axiovert 35 (West Germany) 

microscope eyepiece lens were made. (diameter of the settling chamber = 25390 pm) 

Area of settling chamber = ~(0.5 x d)' where d= diameter. 

Dimensions of the grid were determined using eyepiece unit equivalents to 

micrometers. At 40X, 20 epu = 25 Pm, and grid length and width is 200 v u  or 250 Pm. 

Grid Area = length x width 

Phytoplankton density is calculated as follows: 

Sample Count (cells) x Total Sett-ea @mL) x Concentrated + Wash Vol- 
Imli) 

# of & x area ofond f-um') Count V o l u m e 1  ml.) 
Total Volume (mL) 

where total settling area = 506308575 

concentrated + wash volume = volume left after decanting and any rinse water 

# of g r i d s  grids which phytoplankton were counted in 

count volume = volume of cmcentrated sample in which algae were counted 



total volume = decanted volume + concentrated volume 

Sample phytoplankton density calculation for Ladder Garden total count on September 7, 

303 cells x 506308575 um' x A 
Total Phytoplankton D e n s i p  27 x 6250Oud 10 ml, 

1.006 L 

Sample count may be either a total, species, genus or other group count. 



Appendix 3.3: Calculation of total particuiate and organic and inorganic matter in a sea 
water sarnple. 

Pre-weigh an ash-fiee g l a s  fibre filter. Filter a known volume of sea water. 

Wei& an aluminum dish. Place filter in dish and in oven at 80°C for 24 hours or until 

constant weight. 

TPM = [Dish wt + filter wt +TPM (dl- [dish wt + filter wt!d 
Sample volume (L) 

Transfer the filter to a mufle oven for 24 hours at 500°C to remove POM. Weigh again. 

~t +(TPM-POM) PIM = JDish wt + tilter sh w? + filter w t u  
Sample volume (L) 

POM = TPM - PIM 

Sample: August 4, 1997, Ladder Garden 

Volume of water = 4 L Filter weight (g) = 0.089 1 g 

Dish weight (g) = 1 .O009 g Dish weight + filter +TPM (g)= 1.1 128 g 



Appendix 3.4: Calculation of chlorophyll-a and phaeopigments in seawater samples. 

Calibration equations Chlorophyll-ci (&L) = 0.0425 ((1.7701)(&- FJ) 

Phaeopigment (pg/L) = 0.0425 ((1.770 1) ((2.303 x Fa-F,))) 

where F, and F, are readings fiom the fluororneter before and after HCl have been added 

to the prepared sample. These equations must be multiplied by the appropriate dilution 

factors to determine the sea water concentrations of chlorophyll-a and phaeopigments. 

Sample calculations: September 7, 1997- original sample size was 4-L. The filter was 

dissolved in 7.2 rnL of 90% acetone which was fiirther diluted by 10 to get the 

fluorometric readings. 

C hlorophyll-a (&L) = 0.0425 ((1.770 1)(4.00-2.26)) x 1 O -7.2 x 4 

=0.727 pgfL 

Phaeopigment (pg/L) = 0.0425 ((1.7701) ((2.303 x 2.26)-4.00))) x 10 -7.2 x 4 

~0.504 pg/L 



Appendix 4.1 : Preparation of ammonia concentrations to be tested for amrnonia toxicity. 

Ammonium chloride (NH,Cl) was the standard reagent for attaining NH,, the following 

assumptions are made based on the molecular weight of NH4Cl: 

NH,Cl (g) NH,Cl (mg) NH, (g) NH, (mg) moles (M) micromoles (HM) 
53.5 53500 18 18000 1 1000000 
5.3 5 5350 1.8 1800 O. 1 100000 
0.535 535 O. 18 180 0.0 1 1 O000 
0.0535 53.5 0.01 8 18' 0.00 1 1000 

*The values to be tested fa11 within this range 
Test levels for larger scallops (1.2-2.0 mm) 

0.107 1 07 0 .O3 6 36 0.0020 2000 
0.08025 80.25 0.027 27 0.00 15 1500 
0.0535 53.5 0.0 18 18 0.00 IO 1 O00 
0.02675 26.75 0.009 9 0.0005 500 

Test levels for smaller scallops (0.5-1.0 mm) 
0.08025 80.25 0.027 27 0.00 1 5 1500 
0.0601 87 60.187 0.02025 20.25 0.001 125 1125 
0.040 125 40.125 0.0135 13.5 0,000750 750 
0.020063 20.063 0.00675 6.75 0.000375 375 

For large scallops, 3L of 0.18 g NH,/L were diluted in FSW to make these test 

solutions: 0.8 L (0.18 g NH3/L)/4L =0.036 g NH,/L=36 mg NH3/L 

0.6 L (0.18g NH3/L)/4L =0.027 g NH,/L =27 mg NH,/L 

0.7 L (0.18 g NH3/L)/7L=0.0 18 g NH,/L =18 mg NH,/L 

2.0 L (0.0 18 g NH3/L)/4L=0.009 g NH,/L = 9 mg NH,/L 

For smaller scallops, the mass of NH,CL needed to make 4L of each solution was 

measured using a precision balance and added to FSW (see table for quantities for 1 L). 
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+Bausch and Lomb S ectronic 20 
+ Pharmacia Biotech 6i traspec 1000 

Ammonia concentration (mg/L) 

Appendk 4.2 : Standard curve for ammonia absorbante on a Bausch 
and Lomb Spectronic 20 (1997) and Pharmacia Biotech Ultraspec 
1 O00 (1 998). Regression line equations for the new and old 
spectrophotorneter are Y=1.39 x ~o'~x+ 9.57 1 x 104 (n=6) and 
Y=1.778 x ~ o - ~ x  + 4.697 x lo4(n=7). 



Appendix 4.3: Calculation of filtration rates of scailops based on food densities 

(Coughlan 1969). 

Feeding chambers were 5-L buckets of 4-L of food at an food density of 

approximately 40 cellslL. One hundred scallops were present in each container. Food 

density was measured daily. A control bucket was used to compare the gravitational 

settling of food particles. Filtration rates (mL/h/animal) were based on the following 

equation: 

F = (Volume of w a t e r u  x ln CJCJ - (Volume of water x ln CJC,') 
T b  (hours) Time homis) 

Nurnber of scallops per tank 

where Co = initial particle concentration, Co' = initial concentration in control charnber 

C, = final particle concentration and C,' = finai concentration in control chamber 

Sarnple Calculation: Scallops in O mg TAN/L from 24-48 hours. 

F = 14000 mL) x In 330712724) - [4000u x ln 366 1 /3855) 
24 hours 34 hours 

100 scallops 




