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ABSTRACT 

Bourne, N., C. A. Hodgson and J. N. 6. Why3e. 1989. A manual for scallop culture in 
British Columbia. Can. Tech. Rep. Fish. Aquat. Scl. 1694: 21 5 p. 

Scallops are highly prized seafood. In 1986 world landings were about 
500,000 t (tomes) and over haif this production was from culture or enhancement 
operations. Scallop resources in British Columbia are too small to support a large 
sustained fishery and development of a sizable industry will have to rely on culture 
operations. En 1981, a program was initiated to investigate the feasibility of scallop culture 
in British Columbia with major focus on production of large numbers of juveniles in 
hatcheries. Work was primarily on two species, the exotic Japanese scallop, Patinopecten 
yessoensis and the native rock scallop, Crassadoma giqantea. 

Scallop cuFture has received considerable Interest in British Columbia, partly 
because bf results of this program. This publication describes results of some of the work 
in the program and is intended as a manua! for scallop culture for the industry. Details 
describing the biology of scallops, design and location of hatcheries, operations of 
hatcheries and nurseries and initial stages of growout work are provided. 

Key words: Scallop, Patino~ecten vessoensis, Crassadoma gigantea, culture, hatchery, 
nursery, growout 



Bourne, M., C. A. Hodgson and 4. N. C. Whyte. 1989. A manual for scallop culture in 
British Columbia. Can. Tech. Rep. Fish. Aquat. Sci. 1694: 215 p. 

Les pbtoncles sont un frult de mer tr4s recherche. En 1986, les 
dhbarquernents mondiaux ont atteint environ 500,000 tonnes mbtriques, dont plus de la 
rnoiti4 provieni: des op6rations de culture ou de mise en valeur. Les ressources en 
pbtoncles de la Colornbie-Britannfque sont trop r4duites pour permettre une peche 
soutenue de grande envergure; c'est pourquoi, la creation d'une industrie d'une bonne taille 
doit passer par les operations de culture. En 1981, un programme a kt4 mis sur pied pour 
ktudier la faisabilitb de la culture des p6tonclss en Colornbie-Britannique en mettant l'accent 
principal strr la production en grands nombres de juvkniles dans des hcloseries. Les 
travaux ont port6 principalement sur deux esphces, le petoncle japonais, Patinopecten 
yessoensis, qui est une esphce exotiqrae, et le p8toncle de roches, Crassadoma qinantea, 
qui est une esphce indighe. 

La culture des p6toncles a suscitb considbrablement d'intbret en Colombie- 
Britannique, en partie h cause des r4sultats de ce programme. La prbsente publication 
decrit les rbsultats d'une partie du travail rkafisb dans le cadre de ce programme et elle se 

> 

veut un manuel sur la culture des pbtoncles destinb A I'industrie. On y trouve des dbtails 
sur la biolegie des p&oncles, la conception et le choix de I'ernplacement des Bcloseries, 
sur les opbrations des 6closeries et des nurseries et sur les premiers stades de l'affinage. 

Mots-cles: pbtoncle, Patinopecten yessoensis, Crassadoma sigantea, culture, Bcloserie, 
nurserie, aff inage 
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Figure 1, Four species o f  scallops t h a t  occur in B r i t i s h  
Col umbi a waters and have been harvested 
commercially. a) weathervane, Patinopecten 
caurinus, b)  rock, Crassadoma qiqantea, c )  
spiny,  Chlamrs has ta ta ,  and d )  p i n k ,  Chl amys 
rubida. Valves on t h e  left are t h e  upper l e f t  
va lves ,  those on the r i g h t  are the lower r i gh t  
val ves. 
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Figure 3. 

Location o f  main weathervane scallop beds in 
B r i t i s h  Columbia coastal waters. 

Inner surface o f  right valve o f  a Japanese 
scal l a p  showing p a r t s  of t h e  shel  1 and their 
relationship to anterior, posterior, dorsal and 
ventral regions . 
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Figure 5. Fert i 1 i zat  i on and f i r s t  cl eavage o f  a scal 1 op 
egg 
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L i f e  history  o f  a scallop.  

Japanese scall op 1 arvae at d i f f e r e n t  stages o f  
development. a) 5 days old, 119 urn shell length 
b)  8 days, 144 urn c) 20 days, 225 urn d)  mature 
larva,  22 days, 265 urn. 

Figure  8. Rock scallop larvae a t  different stages o f  
development. a)  6 days, 121 urn shell length b)  
14 days, 153 urn c) mature larva,  19 days, 215 
urn. 

Figure 9 ,  Rock scallop post-larva or spat ,  3 days af te r  
metamorphosis. 223 urn shell l ength .  
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Japanese scaf 1 op spat ,  4-5 mrn she7 1 height. 

Weat hervane scall op shel l s showing 1 ocat  i on o f  
annual winter growth checks. 

Figure 1 2 .  Adul t  Japanese scallops, 9-IQ crn shell height. 
These animals  are F1 generation cultured a t  t h e  
P a c i f i c  Biological S t a t i o n .  

Figure 13. Theoretical growth curve o f  typical a l g a l  
culture showing lag, exponential and stationary 
stages. 
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and four sal init ies  (Bourne and Hodgson, i n  
prep. 1. 
S u r v i v a l  of  embryos o f  rack  scal 1 ops , Crassadoma 
siqantea, a t  three temperatures and four 
sal i n i t  i es (Bourne and Hodgson , i n  prep, ) . 
Method used to siphon 1 arval tanks. Outf low 
from siphon empties onto screen submerged in 
water  trough. 

Growth o f  Japanese scal lop larvae, Patinoaecten 
yessoensis, when cultured a t  15°C and fed 
different diets .  TX, Tahi t ian Isochrvsis, ARC 
Chaetoceros calcitrans, 3H, T h a l a s s i o s i r a  
psuedonana, (Bourne and Hodgson, i n  prep.). 

Growth o f  Japanese scal 1 op 1 arvae, Pat i nopecten 
yessoensis, a t  three temperatures at 29 ppt  
salinity (Bourne and Hodgson, i n  prep.), 

Growth o f  Japanese scal l op 1 arvae, Pat i nopecten 
yessoensis, raised a t  four s a l i n i t i e s  a t  15°C 
(Bourne and Hodgson i n  prep.). 

Growth of rock scal 1 op 1 arvae, Crassadoma 
qisantea, a t  three temperatures a t  29 p p t  
salinity (Bourne and Hadgson !n prep.).  

Average growth curves o f  Japanese and rock 
s c a l l o p  larvae reared a t  t h e  P a c i f i c  Biological  
Station. 

Screening larvae. Larvae are rinsed through a 
ser ies  o f  screens stacked i n  descending mesh 
size,  

Growth and survival o f  Japanese scallop 7 arvae, 
Patinoaecten ~essoensis, and rock scallop 
larvae, Crassadoma sisantea,  cultured w i t h  and 
without a n t i b i o t i c s  (Bourne and Hodgson, i n  

E * 
"Raft ing" o f  mature larvae. Larvae clump 
together in mucous strands when concentrated in 
a small volume o f  water. 

Artificial f ib rous cultch mater ia l ,  kinran, i n  
setting tank.  
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Diagram o f  a nursery system suppl ied with 
surface sea water. 

Spat bag containing kinran and attached scallop 
spat .  

Juvenile Japanese scallops, I0 mm shell height. 

Juvenfle Japanese scallops emptied f r o m  spat  
bag. 

Apparatus for collecting and sort ing j u v e n i l e  
scallops from spat  bags. Spat are washed from 
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Diagram o f  a submerged 1 ongl ine system used for ' 
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Qi agram o f  a mu1 t i  pl e 1 ongl i ne system. 

Pearl and lantern nets for  suspended culture o f  
scall ops .  

Diagram o f  location en r i g h t  valve o f  Japanese 
scallop where hole should be dri 1 1  ed f o r  ear 
hangi ng cul ture. 

Scallops attached t o  rope by a-ge-pin for ear 
hanging culture. 

Japanese scal 1 eps packed in to  styrofoam 
container for shipment. 

Three exampl es of heav i l y  foul ed scal l ep cvl ture 
nets. 
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1, INTRODUCTION 

World scallop resources support large and valuable industries; in 
1986, landings t o t a l l e d  509,955 t (tonnes) whole weight (Anon 1988). One 
species,  t h e  Japanese scallop, Patinopecten yessoensis, accounted f o r  49% o f  
t h e  1 andi ngs, and the A t 1  an t ic  sea scallop, Pl acopecten maqell an i  cus, 
accounted for another 25.5%. Over 50% o f  t h e  1986 world product ion resulted 
from culture or enhancement and a considerable literature has accumulated on 
the subject  (Hodgson et a1 1988). 

Thirteen species o f  scallops occur i n  British Columbia waters but  
most are small or rare (Table 1 )  (Bernard 1983, Bourne 1988). Four species 
are e i t h e r  large enough or occur i n  s u f f i c i e n t  abundance t o  e l i c i t  enquiries 
about the establishment o f  commercial f i s h e r i e s .  The four species are:- 
weathervane, Patinopecten caurinus; rock ,  Crassadoma sjqantea; pink, Chlamys 
rubida; and spiny, Chlamvs has ta ta  (Figure 1). 

Weathervane scal 1 ops are 1 arge, up to 250 rnm she1 1 height .  A 
small commercial f ishery exists for this species i n  Alaska and Oregon (Bourne 
i n  press) .  There are  two small populations i n  B r i t i s h  Columbia, one i n  t h e  
Gulf Islands area o f  t h e  southern Strait o f  Georgia and the other in Dixon 
Entrance o f f  t h e  north coas t  o f  t h e  Queen Charlotte Islands (Figure 2). Small 
local populations have been reported from a few other locat ions along t h e  
c o a s t  . Brj ti s h Col umbi a popul a t  i ons o f  weathervane scal 1 ops a r e  too small to 
suppor t  a sustained f ishery.  

Rock scallops become large and massive and are usually found 
firmly cemented to r o c k  surfaces. T h e i r  distribution is sporadic  with 
abundance low in any one locality, al though they are general ly more abundant 
on t h e  o u t e r  coast than i n  the Strait  o f  Georgia, They do not lend themselves 
to a dragging-type f ishery  b u t  attempts have been made t o  harvest them by 
diving, A t  present i n  B r i t i s h  Columbia, they can be harvested only i n  t h e  
recreational fishery and catch i s  regulated by a daily catch  1 i m i  t .  

Pink and spi ny scal 1 ops are smal I , r a r e l y  1 arger than 80 mm s he1 l 
he igh t ,  and occur i n  small beds scat tered  throughout B r i t i s h  Columbia waters, 
A small f ishery began for  both species i n  1981, with the highest landing of 66 
t occurring in 1987 {Table 2)  , Fishing is by diving or towing small drags.  
It i s  unlikely t h a t  annual landings o f  these species will exceed 500 t. 

Scallop resources in B r i t i s h  Columbia are insufficient to support 
a large susta inab le  commercial fishery. The development o f  a significant 
scal 1 op industry i n  t h e  Province (annual l andi ngs o f  5,000 t or more) must 
rely on cu1 ture techno1 ogy. Considerable interest exi sts i n  scal 1 op cul ture  
i n  B r i t i s h  Columbia because of strong markets and the success o f  scallop 
cul tu re  i n  Japan (Taguchi 1978, Vent i 11 a 1982). 

In 1981, a program was initiated a t  t h e  Pacific Biological Station 
to  i n v e s t i g a t e  t h e  feasibility o f  scallop culture in B r i t i s h  Columbia. This 
program i s  jointly sponsored by t h e  Federal Department of F i s h e r i e s  and 
Oceans, Biolagical Sciences Branch, P a c i f i c  Biological Station and the B r i t i s h  



T a b l e  I .  Species o f  scallops reported f r o m  B r i t i s h  Columbia coastal waters 
( a f t e r  Bernard 1983) , 

Chl amys hasta ta  
Chlamys rub ida  
Crassadoma sisantea 
Patinopecten caurinus 
Chlamys a l b i d a  
Chlamys behrinsiana 
C h l  amys j o rdan  i 
Cyc lopec ten  arqenteus 
Cycl opecten car1 o t t e n s i  s 
Cycl opecten squami formi s 
Cycl opecten knudseni 
Del  ectopecten rand01 ph i  
De lec topec ten  vancouverensis 

spf ny scal Top 
p ink  scallop 
rock scall op 
weathervane scal 1 op 



Table 2. Landings i n  tonnes (whole weight) and valve i n  dollars o f  commercial 
scallop landings i n  B r i t i s h  Columbia, 1982-1987. Landings a r e  spiny and p i n k  
scallops except where noted, 

Year Landed Weight Landed Value 

* Includes 1.4 t and 0 . 3  t o f  weathervane scallops i n  1984 and 1985 
respectively. 





F i g u r e  1. Four species o f  s c a l l o p s  t h a t  occur i n  B r i t i s h  Columbia w a t e r s  and 
have been harvested cemrnercially. a )  weathervane, Pat inopecten caurinus, b )  
rock,  Crassadoma sisantea,  c)  sp iny ,  Chlamys h a s t a t a ,  and d)  p ink ,  Chlamvs 
rubida .  Valves on t h e  l e f t  are t h e  upper l e f t  va lves ,  those on t h e  r i g h t  are 
t he  lower r i g h t  v a l v e s .  





C O L U M B I A  

O C E A N  

F i g u r e  2. Location o f  main weathervane scallop beds i n  B r i t i s h  Col umbia coastal 
w a t e r s .  





Columbia M in is t ry  of  Agriculture and F i s h e r i e s  (originally support was f r o m  
t h e  Ministry o f  Environment). 

T h i s  publ icat ion  summarizes much o f  the work done in t h i s  program, 
which has focused mainly on developing hatchery and nursery technology t o  
produce quantities o f  juveni les (seed) f o r  growout operations. The collection 
o f  na tu ra l  sets o f  juven i le  scallops and i n i t i a l  growout work also i s  
descri bed. 

The publ i c a t i o n  was compiled as a working manual for scallop 
culture i n  B r i t i s h  Columbia. References are provided so tha t  add5 t iona l  
in format ion can be obtained. Each section i s  a complete u n i t  so t h a t  t h e  user 
can study a particular topic ,  e,g. holding l a r v a e ,  w i t h o u t  having t o  read the 
e n t i r e  publ i c a t i o n .  T h i s  has led t o  some unavoidable repe t j  t i o n .  Several 
s c i e n t i f i c  terms have been used in t h e  manual. A glossary has been provided 
for a quick explanation o f  these terms, 



2. BIOLOGY 

Some knowledge of the biology o f  s c a l l o p s  i s  necessary t o  
understand seal 1 op cul ture  technology and t o  a s s i s t  in solving problems. The 
following i s  a general descr ip t ion  o f  the b i o l o g y  o f  species used i n  
experimental cu l ture  work a t  t h e  P a c i f i c  B i o l o g i c a l  Station.  

2.1 External Anatomy 

Anatomical orientations used to describe f i s h  and mammals are used 
a1 so in describing scall ops (Figure 3 ) ,  The hinge area is the dorsal region 
o f  the  animal and the region of the shell  opposite the hinge is the ventral 
margin. The mouth i s  l o c a t e d  an te r io r ly .  There i s  a r i g h t  and left valve. 
The four native species mentioned above lie naturally on the lower right 
valve. V a l v e  height i s  the s t r a i g h t  l Sne distance measured vertically from 
the hinge to the ventral shell margin; v a l v e  length i s  the s t ra ight  l i n e  
distance from the anterior t o  the posterior shell  margins. Valve shape i s  
v a r i a b l e .  The t o p  left v a l v e  of weathervane and rock scallops i s  f l a t  and t h e  
lower r i g h t  v a l v e  i s  convex or  cupped. Bath valves o f  pink and spiny scallops 
are convex. The exterior surface varies with species; it can be smooth, have 
smooth ridges or have r i b s  t h a t  may be smooth or studded w i t h  spines. 

The valves are joined by a 1 igament along the dorsal margins at 
t h e  hinge. On t h e  i n t e r i o r  surface there is a p i t  i n  t h e  c e n t r e  o f  the  hinge 
containing a dark e l a s t i c  pad,  the  resilium. The resilium and the hinge 
spring t h e  valves open when the adductor muscle rel axes. 

There are two protrusions at t h e  hinge called auricles (sometimes 
called ears or wings) that  give the animal a long hinge l i n e ,  On the lower 
r i g h t  v a l v e  there is an indentation in the anterior auricle called t h e  byssal 
notch.  Auricles on the  upper l e f t  v a l v e  may be o f  equal size as i n  
weathervane scall ops or unequal a s  i n  rack, pink and spiny scall ops. 

The interior surface is smooth and usually white, a l though there 
i s  a deep purple colour near the hinge in rock scallops. Near the  centre o f  
t h e  v a l v e  the circular muscle attachment scar i s  visible, About one t h i r d  o f  
t he  way i n  f rom the edge o f  the  v a l v e  there  i s  a s h a l l o w  i n d i s t i n c t  groove,  
t h e  pallial 1 ine, that marks t h e  attachment of the mantle (Figure 3 ) .  

2.2 Internal Anatomy 

If the upper valve i s  carefully removed, the s o f t  inner parts are 
seen. 



ill 
.c 
@ 





2 , z . l  Mantle 

A t h i n ,  a lmost  t ransparent  sheet of t i s s u e  w i t h  a thickened margin 
envelopes the body. This i s  t h e  l e f t  h a l f  o f  t h e  mantle, t h e  r i g h t  h a l f  i s  
aga ins t  t h e  r i g h t  va l ve .  Both mantle ha lves  are  at tached t o  the shell f r o m  
t h e  hinge v e n t r a l  t o  the p a l l i a l  l i n e  but  f r e e  a t  t h e i r  edges. 

The thickened edge o f  t h e  mantle i s  pigmented and has t h r e e  f o l d s .  
Numerous eyes occur on t h e  middle f o l d  and func t ion  t o  d e t e c t  shadows o r  
movement. A row o f  t e n t a c l e s ,  some o f  which are quite long,  i s  a l s o  present  
on the midd le  fo ld .  These a r e  p r i m a r i l y  f e e l i n g  ar t a c t i l e  organs. The i nne r  
f o l d  has a row of s h o r t  t e n t a c l e s  which a r e  ma in l y  chernoreceptors, Th is  f o l d  
forms t h e  v e l a r  fo ld,  sometimes called t he  "hanging c u r t a i n " ,  which i s  t he  
v i s i b l e  part of t h e  mant le when the scallop i s  i n  the normal r e s t i n g  s ta te .  

The mantle has s e v e r a l  f unc t i ons ;  i t  secretes the s h e l l ,  a s s i s t s  
i n  r e s p i r a t i o n ,  has h i g h l y  developed sense organs, c o n t r o l s  the i n f l o w  and 
out f low o f  water,  and c o n t r o l s  movement when the  animal swims. 

2.2.2 Adductor Muscle 

Removal o f  the l e f t  h a l f  o f  t he  mantle shows the c e n t r a l l y  l oca ted  
l a rge ,  white, c i r c u l a r  adductor muscle (Figure 4 ) .  The l a r g e  a n t e r i o r  p o r t i o n  
i s  t h e  "quick muscle" and contracts t o  snap t h e  va l ves  shut when t h e  animal i s  
disturbed o r  when i t  i s  swimming. The smaller p o s t e r i o r  p a r t  known as t h e  
"ca tch  muscle" holds the  valves i n  p o s i t i o n  when they have been c losed or 
p a r t l y  c losed by the  qu ick  muscle. 

2.2.3 G i l l s  

C i r c l i n g  par t  o f  the muscle i s  a p a i r  o f  crescent-shaped g i l l s .  
The g i l l s  are composed o f  four demibranchs, two on each side of t h e  body, 
Along w i t h  t h e  mantle, they  are used f o r  r e s p i r a t i o n  and are  important i n  
feed ing .  

2.2.4 Uroqen i ta l  Svstem 

The gonad i s  a conspicuous organ lying i n  a s e m i - c i r c l e  around t h e  
v e n t r a l  and anterior p a r t  o f  t h e  adductor muscle. The f o u r  s c a l l o p  species 
discussed here are dioecious,  i e . ,  t h e  sexes are separate, a l though 
hermaphrodi t ic  i n d i v i d u a l s  may occur (Hennick 1971; Jacobsen 1977). Unless 
t h e  gonad i s  completely empty o f  sex cells, the sexes are e a s i l y  
d i s t i ngu i shed ;  t h e  female ganad i s  orange-red t o  red i n  colour and t h e  male i s  
creamy white.  

Two kidneys 1 i e  f l a t t e n e d  aga ins t  the a n t e r i o r  part o f  t h e  
adductar muscle (F igure  4 ) .  They are  smal l ,  t h i n ,  brown s a c - l i k e  bodies. The 
kidneys empty through l a r g e  s l i t s  i n t o  the mantle chamber. Eggs o r  sperm from 
t h e  gonads are extruded through duc ts  i n t o  t h e  lumen o f  t h e  k idney and then 
i n t o  t h e  mant le  chamber. 









2 . 2 . 5  Foot  

A t  t h e  an te r io r  end o f  the  gonad i s  the small, whi te-col  oured 
foot .  I n  l a r v a l  and juvenile stages i t  i s  used fo r  locomotion but  in the  
adul t  i t  i s  rudimentary and has l i t t l e  function. Half way along the f o o t  i s  
t h e  opening from t h e  byssal gland through which the animal secretes a thread- 
l i k e ,  e l a s t i c  substance ca l led  "byssus" by which i t  can a t t a c h  i t s e l f  t o  a 
substrate.  Some species,  such as pink and spiny scal lops ,  a t t a c h  themselves 
t o  a subst ra te  by byssus throughout t h e i r  l i f e  b u t  i n  others,  such as 
weathervane sca l lops ,  t h e  a b i l i t y  i s  lost in o lde r  animals. 

2.2.6  Diqestive System 

Between the f o o t  and hinge are t h e  1 eaf-1 i ke 1 abi a1 pal ps (F igure  
4 ) .  These surround t h e  mouth and d i r e c t  food col lected by t h e  gills i n to  t h e  
mouth. A shor t  oesophagus leads from t h e  mouth t o  the  stomach which i s  
en t i r e ly  surrounded by t h e  diges t ive  diverticulum, a dark mass o f  t i s s u e  
between t h e  adductor muscle and hinge. The stomach can be seen i f  the 
d i g e s t i v e  diverticulum i s  gently teased away. The i n t e s t i ne  l e a d s  o u t  of t h e  
stomach, loops through t h e  gonad, back around the  adductor muscle t o  form t h e  
rectum, which goes through the pericardium and ven t r ic le  and hooks back to end 
i n  the  anus. 

Lying par t ly  in the stomach and par t ly  in the  s e c t i o n  o f  i n t e s t i n e  
which en te rs  the  gonad i s  the crystalline s ty l e .  I t  is  amber coloured, 
t ranslucent ,  and rod-shaped, and i s  e a s i l y  seen i f  t h e  stomach or f r o n t  par t  
o f  t h e  intestine i s  cut. The c r y s t a l l i n e  s t y l e  churns food i n  t he  stomach and 
re leases  an enzyme which a s s i s t s  i n  digestion.  I f  scal lops  are held o u t  o f  
water for a few hours the  c r y s t a l l i n e  s t y l e  becomes much reduced o r  
disappears, but i s  reconstructed quickly when t h e  animal i s  replaced i n  the  
water. 

Scallops have a simple c i rcu la to ry  system. The h e a r t  1 Ses i n  a 
t ransparent  sac, t h e  pericardium, c lose  t a  t h e  adductor muscle (Figure 4 ) .  I t  
consists o f  t w o  irregular-shaped auricles and a ven t r ic le  which i s  transversed 
by the rectum. An an te r io r  and poster ior  aor ta  lead from t h e  ventricle and 
carry blood t o  a l l  p a r t s  o f  the  body. The venous system i s  a vague s e r i e s  o f  
thin-walled sinuses through which blood returns t o  t h e  heart .  

2,Z.g Nervous System 

The nervous system i s  d i f f i c u l t  t o  observe w i t h o u t  special  
preparation. Essent ia l ly  i t  cons i s t s  o f  th ree  pairs o f  ganglia with 
connectives (cerebral , pedal and vi sceral gang1 i a ) .  



2.3 Life Hjstorv 

The following is a general description o f  the l i f e  h i s t o r y  o f  
scal lops and d i  f ferences between species are noted where appropri ate, 

2.3.1 Gonadal Development and Ssawninq 

As w l t h  most  b i v a l v e s ,  sexual m a t u r i t y  i s  a mat ter  of s i z e  r a t h e r  
than age (Quay1 e and Bourne 1972). Weathervane scall ops are sexual ly mature 
at about 70 rnm shel l height,  pink and spiny scallops at a shell height of  35 
mm shel  1  h e i g h t  (Bourne, In press). Rock scall ops are  sexually mature when 
they are 70 rnm shell h e i g h t  (MacDonald and Bourne, In press). 

The mechanj sms t h a t  initf ate the production of eggs and sperm 
(gametogenesis) and trigger spawning in the natural environment ark poorly 
understood, but temperature i s  undoubtedly important. The p e r i o d  of natural 
spawning differs f o r  species and geographic location.  In t h e  G u l f  Islands 
area, weathervane sca7 1 ops begin t o  develop gametes in 1 a t e  fa1  1 . By early 
Apri 1 t h e  gonads are full and gonaducts are obvious.  Spawning occurs from 
late April t o  mid-June (MacDonald and Bourne 19871, Spawning is protracted 
and t h e  animals are intermittent spawners, releasing eggs or sperm over an 
extended period of time. Gonads w i t h o u t  gametes are not observed until July. 

Off Oregon, the spawning season o f  weathervane scallops extends 
from January through June ( R o b i n s o n  and Breese 1984). In Alaska gonadal 
development occurs from October to May and a single s p a w n i n g  occurs from early 
June until mid-July (Hennick 1970). Rock scallops spawn over an extended 
p e r i o d  from October t o  January i n  southern California (Jacobsen 1977) and from 
June to August in Puget Sound (Lauren 1982). In British Columbia it i s  
b e l i e v e d  rock scallops spawn from June to October (MacDonald and Bourne, i n  
press) .  Initial observations indicate that spiny s c a l l o p s  spawn from August 
to October and pink scallaps from January to March in southern British 
Columbia  (Bourne and Harbo 1987). 

Beth eggs and sperm are expel led through t w o  ducts i n t o  the kidney 
where they pass i n t o  the  lumen and are expelled i n t o  the mantle cavity through 
t h e  openings i n  the kidney. Sperm i s  released in a steady stream through t h e  
exhalant opening o f  t h e  mantle. Eggs are also emitted i n  this fashion and 
periodical ly females clap their valves and expel eggs f r o m  t h e  ventral p o r t i o n  
of t h e  mantle cav i ty .  This may be done t o  clear  eggs lodged on the gills. 

After spawning, gonads o f  weathervane scall ops are clear and 
colourless and i t  is not p o s s i b l e  t o  sex animals visually, The gonads remain 
i n  t h e  resting stage until gametogenesis i s  again initiated in t h e  late fall. 
In rack, p ink  and spiny scallops the gonads never appear to empty completely 
and i t  i s  possible to sex anim-a1 s by gonad col our throughout t h e  year, 

2.3.2 Embryonic and Larval Develo~ment 

F e r t i  1 i z a t i o n  o f  eggs occurs i n  the water outs ide  o f  t h e  a d u l t s ,  



after they have been released. A t  fertilization, the egg undergoes meiotic 
d i v i s i o n  to reduce the number o f  chromosomes t o  a haploid number before t h e  
male and female pronuclei can fuse to farm the zygote (Figure 5).  Two pol ar 
bodies are released during meiotic division. A t  least one polar body i s  
v i s i b l e  and, once apparent, ind icates  that t h e  egg i s  successfully f e r t i l i z e d .  
Eggs are heavier than water  and sink t o  the bottom. Cell d i v i s i o n  begins and 
within 30 minutes t h e  egg has divided i n t o  the  two cell  stage, called f irs t  
division. As w i t h  all mollusc species, a p o l a r  lobe i s  formed during f i r s t  
d i v i s i o n  (Figure 5 ) .  O f t e n ,  a zygote appears as though i t  has d i v i d e d  i n t o  
three  instead o f  two cells. T h i s  process i s  normal and eventual ly  t h e  lobe  
joins w i t h  one o f  t h e  r e s u l t i n g  c e l l s ,  causing one cell to be s l i g h t l y  larger 
than t h e  a t h e r .  

The time o f  embryonic and larval development i s  temperature and 
species s p e c i f i c ,  Within 24 hours,  the fertilized egg has  passed through t h e  
m u l t i - c e l l e d  blas tu la  and gastrula stages, and w i t h i n  36 hours has developed 
fnto a m o t i l e  trochophore. The trochophore i s  somewhat oval i n  shape, about 
60-80 urn (micrometre) in size, and has a row o f  c i l i a  around the middle and a 
long a p i c a l  flagellum. W i t h i n  72 hours, t h e  embryo develops i n t o  a larva. 

The early larval stage i s  sametimes r e f e r r e d  t o  as the  straight 
hinge,  " D " ,  o r  Prodissoconch 1 stage (F igures  6 ,  7, and 8). The larva has two 
valves, a complete digestive system and a velum, an organ pecul tar to 
molluscan larvae. The velum i s  c i l i a t e d  along i t s  outer margin and enables 
t h e  larva t o  swim, b u t  only well enough to maintain i t se l f  i n  the  water  
column. When the 1 arva swims through the water column, the velum collects 
unicellular phytopl ankton upon which t h e  1 arva feeds. 

Larvae continue t o  s w i m  and feed i n  the water  and develop into 
urnboned or Prodissoconch I I  larvae (Figures 7 and 8). This stage lasts about 
3 weeks a t  which t i m e  they  are mature. Site a t  maturity is species specific. 

When the l a r v a  nears matu r i t y ,  a well developed foot ,  a pair of 
eyespots,  and g i l l  rudiments become evident. Between per iods  o f  swimming, t he  
l a rva  settles and crawls on a substrate by use o f  i t s  foot. When a s u i t a b l e  
substrate i s  found, the larva secretes a byssus from t h e  byssal gland t o  serve 
as a temporary holdfast. The 1 arva i s  now ready t o  metamorphose. 

Metamorphosis i s  a c r i t i c a l  t ime i n  t h e  development of bivalve 
l a r v a e  and considerable m o r t a l i t i e s  can occur at t h i s  time. A t  metamorphosis 
l a r v a e  undergo major anatomical  changes. The animal changes f r o m  a p e l a g i c  to 
a benthic existence (Figure 9)+ Larva l  organs such as t h e  velum and a n t e r i o r  
adductor muscle are lost .  Further, t h e  s o f t  p a r t s  o f  t h e  body undergo an 
anter ior  rotation. T h i s  results i n  t h e  f o o t  s h i f t i n g  from a posterior t o  an 
anterior position (Hodgson and Burke 1988). During metamorphosis, the animals 
l i ve on food reserves accumulated dur ing  the 1 arval period, The gi 11 s develop 
and serve as feeding organs about two weeks after metamorphosis, The animal 
i s now a juven i 1 e, or s p a t ,  and continues t o  grow and develop unt i 1 it reaches 
t h e  a d u l t  stage (Figure 10). 
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Figure 5. Fertilization and f i r s t  cleavage o f  a scallop egg. 
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Figure  6. L i f e  history o f  a scallop. 









Figure 8. Rock scallop larvae a t  different stages o f  development. a )  6 days, 
121  urn shell length b)  14 days, 153 urn c )  mature l a r v a ,  19 days, 215 urn. 





Figure 9 .  Rock scallop p o s t - 1  a r v a  or spat ,  3 days a f t e r  metamorphosis. 223 urn 
shell l e n g t h ,  





Figure 10. Japanese scal lop s p a t ,  4 - 5  mm shell he ight .  





2.4 Feedinq 

Seal lops, 1 i ke most other bivalves, are filter feeders. The 
ctenidia or gills are  well developed and serve as feeding and respiratory 
organs. The ctenidia are  covered w i t h  cilia, t iny vibrating hairlike 
structures whose concerted beat produces a water current. When resting 
normally on the bottom there are two openings between the edges o f  the mantle, 
one at the anterior end, which is the i n h a l a n t  opening, and one at the 
posterior end, the exhalant opening. Water i s  drawn through the i n h a l a n t  
opening into the mantle chamber, through the gills, and out the exhalant 
opening. The gills collect any plankton (minute plants and animals, 2-70 urn 
i n  size) and bind it in mucous. Strands of food- ]  aden mucous are  passed 
vertically and then anteriorly by means o f  ciliary action along special  
grooves en the  g i l l s  to  t h e  labial palps, which assist in directing the food 
masses i n t o  the mouth. Scallops can exercise some selection o f  t h e i r  food and 
periodically the pa lps  reject small masses o f  food, called "pseudo-faeces". 
Pseudo- faeces periodical l y are  expel 1 ed from t h e  rnantl e cav i ty  by v i  01 e n t  
valve clapping . 

The best types of  food are  not known. Also,  the value o f  fine 
p a r t i c l e s  of non-living organic material ( d e t r i t u s )  and associated bacter ia  
may be important as food .  

2.5 Growth 

Growth of b i v a l v e s  i s  measured in several ways, including increase 
i n  shell size, increase i n  weight o f  s o f t  body parts, o r  a combination o f  the 
two. Generally, increases i n  shell height or length are used a s  a measure o f  
growth. Growth generally is rapid during spring and summer when abundant food 
i s  present and water temperatures are warmer b u t  decreases and virtually 
ceases in winter ,  forming annual checks {Figure I1 1. However, these winter 
growth checks must not  be confused w i th  o t h e r  checks Said down during other 
t imes  o f  the year, for  example, checks caused by spawning or periods o f  
stress. Mast species o f  scallops can be aged by counting annual growth checks 
and growth rates can be estimated by measuring t h e  distance between annual 
r ings.  Rock scallops cannot be aged i n  this manner since the rings are 
obliterated as the shell becomes massive. 

Another method o f  aging scallops i s  to count annual r i n g s  t h a t  are 
1 aid down on the r e s i l  ium (MacDonald and Bourne, in press) .  A1 though 
individual scallops can be aged by this method, growth rates cannot be 
calculated. 

Growth v a r i e s  with geographic area. In southern B r i t i s h  Columbia, 
growth of weathervane scallops i s  f a s t e r  in inshore areas than i n  of fshore  
areas [MacDonal d and Bourne 19871, It requi res about three years far  
weathervane sca l lops  t o  a t t a i n  a shell height o f  PO0 mm i n  inshore w a t e r s  and 
about f i v e  years i n  offshore waters. Growth of weathervane scallops of f  
Oregon was similar to  t h a t  i n  t h e  offshore area o f  British Columbia but growth 





F i g u r e  11. Weathervane scal 1 op she1 1 s showing 1 o c a t  ion o f  annual  winter growth 
checks. 





i n  Alaska i s  similar to t h a t  in the inshore area of British Columbia. 
Weat hervane scal 1 ops are 1 ong 1 i ved and individual s o f  28 years have been 
reported (Hennick 1973) .  

Rock scallops grown i n  suspended cul ture  in Cal j forni a a t t a i n e d  a 
shell  height o f  120 rnm i n  two years (Leighton 1979). In grow-out trials at 
the northern end o f  the Strait o f  Georgia in British Columbia, t h e  1 argest 
individual grown i n  suspended culture measured 90-100 mm i n  three years, mean 
80 mrn (MacDonal d and Bourne, i n press) . Rock scal 1 ops o f  27 years o f  age have 
been recorded i n Br S t i sh Col umbi a .  

Pink and spiny scallops are slow growing. Spiny scallops attain a 
shell height o f  75 mm i n  f i v e  years, pjnk scallops a shell height of 60 mm i n  
about s i x  years (Bourne and Harbo 1987). P i  nk and spiny scall ops rarely 1 ive 
past s i x  years. 

2.6 Behaviour 

Under normal  conditions species of scallops described here lie on 
the bot tom on their right valve; pink  and spiny scallops are  often attached to 
t h e  substrate by byssus. The t w o  valves are separated 10-15 mm a t  the ventral 
margins with t h e  outer fo lds  o f  the mantle meeting between t h e  two valves. 
The tentacles are extended and the eyes can be seen easily. If the scallop i s  
disturbed t h e  mantle and tentacles are quickly withdrawn and the valves are 
snapped shut .  When disturbed, the animal frequently spins in its place and 
faces in a different  direction. 

One interesting feature unique to scallops i s  t h e i r  ability to 
s w i m ,  Even juvenile rock rcalleps, up t o  30 mm shell height, can s w i m .  
Swimming results f rom a yet action. The animal opens its valves and takes in 
water. The v a l v e s  and t h e  mantle then are closed, and water i s  forced out 
through the inhalant and exhalant openings. The scallop i s  propelled forward 
(ventral margin first) and t h e  process is repeated. Frequently, particularly 
i f  the  scallop i s  disturbed or when taking off initially, i t  moves backward 
(hinge first) by fo rc ing  water out  through t h e  mantle at the ventral edge. 
Swimming i s  probably used mainly to avoid predators. Distances covered during 
individual swims are short, up to 10 meters. 

2.7 Predators 

Little i s  known about predators o f  scallops. Plankton feeders 
probably consume 1 arge q u a n t i t i e s  o f  1 arvae. Small weathervane scal l ops, 30- 
40 mrn she1 1 height, have been found in t h e  stomachs o f  flounders f r o m  the G u l f  
Is1 ands area i n  southern Bri t i  sh Columbia. Crabs may be s e r i o u s  scal 1 op 
predators in some situations. Juvenile and adult scallops can be preyed upon 
by several  species of crabs, including t h e  graceful crab, Cancer sracilis, 
Dungeness crabs, C. masister, and red rock crabs, C. productus. Seastars, 



particularly the sun star, Rvcno~edia helianthoides and t h e  mottled star,  
Evasteri  as troschel 1 i i , are abundant in s u b t i d a l  areas and are undoubtedly 
important predators o f  stall eps. 

Shell boring worms, Pol vdora, burrow i n  the she1 1 and weaken i t  
and t h i  s may cause mortal i t ies (MacOonal d and Bourne 1987) . The bori  ng 
sponge, Cl i ona sp., may a1 so cause mortal i t  i es. 

I t  i s  not known i f  epidemic diseases cause mass mortalities but  
they may be important a t  t imes .  



3 .  CULTURE 

Considerable interest in scallop culture e x i s t s  in Bri ti sh 
Columbia because of strong markets and the success of scallop culture i n  other 
p a r t s  o f  the world. Scal lop resources in British Columbia are too smal I to 
support a 1 arge sustainable commercial fishery. If a significant scal lop 
industry is to develop i n  B r i t i s h  Columbia (annual landings o f  10,000 t o r  
more), it w i l l  have to rely on culture operatlons. 

In any culture operation, a primary requisite i s  an abundant, 
reliable and inexpensive supply o f  seed (juveniles). 1n.bivalve culture, seed 
can be obtained from t w o  sources; col 1 ection of natural sets o r  f rom 
hatcheries. 

3.1 Natural Sets 

In most bivalve culture operations throughout the world seed i s  
obtained from natural sets (Quayle 1988b). Seed can be gathered from areas o f  
abundance or col lectors can be p l  aced out to gather metamorphosing 1 arvae as 
they settle from t h e  plankton. 

Collecting mature or settling larvae f r o m  the plankton is used to 
o b t a i n  juvenile scallaps for commercial and experimental culture operations in 
Japan, New Zealand, Australia and the U.K. (Ventilla 1982, Bull 1986, Cropp 
1987, Paul 1987). Areas used t o  collect seed are monitored for oceanographic 
parameters such as water temperature, sal ini ty and current. Gonadal 
devel opment o f  adult scallops i s  fol 1 owed to determine time of spawning . When 
spawning occurs, larval development i s  monitored by plankton sampling, 
Approximately two weeks before t h e  larvae metamorphose, collectors are set 
out, The standard type o f  collector i s  the "Japanese collector", a mesh bag 
about the s i z e  of an onion bag, 80 by 40 cm, wi th  a mesh s i r e  of about 3.0 mm, 
Collecting material ( c u l t c h ) ,  consisting of old gill net, monofilament, or 
other f i b r o u s  material is placed inside t h e  bag. At settlement, scallop 
larvae s w i m  through t h e  mesh o f  t h e  collectors and settle on the cultch. They 
remain attached to the cu l t ch  by byssus until they are  about 10 mm shell 
height ,  at which t ime  they drop o f f  and are retained i n  t h e  bags. The bags 
are harvested,  the juvenile scallops removed and placed into intermediate 
culture. 

The advantage of natural sets i s  cost. It is cheaper to collect 
juveniles from natural sets than to raise them in hatcheries.  However, 
collecting natural sets has disadvantages. Recruitment may be erratic or so 
low t h a t  c o n s j s t e n t  and successful annual s e t s  may not be obtained. 

Attempts have been made to collect natural sets o f  juvenile 
scallops i n  British Columbia. 



3.1,1 Weathervane Scal lops 

Three attempts were made t o  call  ec t  juveni 1 e weathervane scal I ops 
f rom 1981-1983 i n  Trincomali Channel i n  the Gulf Islands area o f  southern 
B r i t i s h  Columbia. I n  the f i r s t  year, f o u r  lines w i t h  a total of 125 
collectors were suspended 1-2 m off  the bottom on horizontal longlines. I n  
the second year, three horizontal bottom 1 ines and two vertical l ines with 
collectors at 2.5 m intervals were suspended. In the t h i r d  year, one 
horizontal l ine and t w o  vertical lines w i t h  collectors a t  1 . 0  m intervals were 
put  out at two  localities i n  Trincomali Channel. In the  first year (1981), 
ten juvenile weathervane scallops were collected. In t h e  second year, one 
juvenile was collected, and in the final year no animals were collected. I n  
1982 and 1983 there were heavy sets o f  the crab, Cancer oresonensis, up to  50 
per collector. These would have eaten any juveni le b i v a l v e s  t h a t  settled in 
t h e  bags. 

Experience indicates i t  i s  unlikely there are any areas in B r i t i s h  
Cel umbia where sufficient quantities of juveni le  weathervane scal 1 ops can be 
collected to support culture operations. 

3 . 1 , 2  Rock Scallops 

Some success has been achieved collecting juveni le  rock scallops 
from natural sets. They are f requent ly  caught on oyster strings in British 
Columbia when hanging culture methods are used. In scallop seed collecting 
operations i n Bark1 ey Sound, reasonabl e numbers o f  juveni 1 e rock scal l ops were 
found in collectors along with juvenile pink and spiny scalleps. I t  was 
est imated t h a t  25% of  the scallops collected were rock scallops (6. Lindsey, 
Pers. Comm.), Further research i s  required to determine i f  there are natural 
breeding areas o f  rock scallops i n  British Columbia t h a t  could be used f o r  a 
consistent seed supply f o r  a I arge commercial rock scall op cul ture opera t i  on. 
I t  may be too costly t o  separate rock scal lop juveniles from the other scallop 
spec i es . 

3 . 1 . 3  Pink and S ~ i n v  Scallops 

Pink and spiny scallops can be collected i n  quantity from natural 
sets ,  up t o  2,000 j u v e n i l e s  per collector (H. Miller, Pers. Comm.}. However, 
these species probably are too small and too slow growing to support 
economical culture operat  i ons . 

3 . 2  Production of Juveniles i n  Hatcheries 

The alternatfve t o  obta in ing  a supply of juveni le  b i v a l v e s  from 
natural sets i s  t o  produce them in hatcheries.  The lack o f  consistent natural 
sets o f  scallops i n  8 r i t i s h  Columbia indicated a requjrement to  i n v e s t i g a t e  
the feas  i b i  1 i t y  o f  devel opi ng a hatchery system. 



Comerc i  a1 hatcheri es t h a t  produce several species o f  b i va l ves  are 
we l l  established and can be o f  var ious  s ize ,  depending on in tended levels o f  
p roduct ion .  A b i v a l v e  ha tchery  inc ludes  f a c i l i t i e s  t o  c o n d i t i o n  and spawn 
adu l ts ,  and t o  r a i s e  and s e t  l a rvae .  An extension of  t h e  hatchery i s  t h e  
nursery  where recently metamorphosed larvae (spat)  can be raised t o  j u v e n i l e s  
(about 10 mm shell height for  scal lops) .  An i n t e g r a l  part o f  any b i v a l v e  
hatchery is an algal  culture f a c i l  i t y  where food f o r  la rvae,  j u v e n i l e s  and 
a d u l t s  i s  raised. 

Techniques t o  breed b iva lves  i n  l a b o r a t o r i e s  were es tab l i shed  many 
years ago b u t  i t  Ss o n l y  i n  the last 25 years t h a t  b i v a l v e  ha tche r ies  have 
produced juven i les  on a commercial bas i s  (Loosanoff and Dav is  1963, Chew e t  a1 
1987). Oyster hatcher ies  have become p a r t i c u l a r l y  prominent on the west  coast  
a f  North America i n  t h e  1 a s t  ten years. I t  i s  es t imated  t h a t  over  80% o f  
P a c i f i c  oyster Crassostrea qisas seed now p lan ted  i n  North America i s  der ived 
from hatcher ies  on t h e  west coast  o f  the Un i ted  S t a t e s  (Chew, 1988). There 
are  a l s o  ha tche r ies  t o  produce o t h e r  species o f  bivalves, mani la  clams, Tapes 
ph i l i pp ina rum,  hard clams, Mercenaria rnercenaria, and common sca l lops ,  Pecten 
maximus. 

Hatchery product ion  o f  seed has severa l  advantages over  
na tu ra l  seed c o l  1 ection, Hatcher ies can assure a cons i s ten t  and re1 i abl e 
supply o f  seed s ince 1 arvae are r a i s e d  under c o n t r o l l e d  cond i t i ons .  Mature 
l a r v a e  or j u v e n i l e s  can be suppl ied t o  the i ndus t ry ,  depending on 
requ i rements . With proper  condi t i on i ng o f  broodstock, seed can be produced a t  
any t i m e  o f  t h e  year. C o n t r o l l e d  experimental  work can be done a t  ha tcher ies  
and t h e  developmental biology o f  t h e  animal s tudied.  Genetic mani pu l  a t i o n  can 
be carried out  a t  hatcheries, i nc7 uding sel ect ion and domest ica t ion  of 
s t r a i n s ,  and product ion  o f  p o l y p l o i d  animals, Another p o t e n t i a l  advantage o f  
ha tcher ies  i s  t h a t  e x o t i c  species can be in t roduced t h a t  may be f a s t e r - g r o w i  ng 
and more hardy than na t i ve  species under c u l t u r e  cond i t i ons .  Imported species 
can be held under quarant ine condi t ions i n  a hatchery, reducing the r i s k  of 
in t roduc ing pests, pa ras i tes ,  and diseases w i t h  broodstock. The main 
disadvantage w i t h  hatchery production o f  b i v a l v e  seed i s  cos t ,  as i t  i s  
generally much more expensive t o  produce seed i n  ha tcher ies  than t o  o b t a i n  i t  
f r o m  natura l  s e t s .  

There are several  p u b l i c a t i o n s  describing t h e  design and operation 
o f  b i v a l v e  ha tcher ies  b u t  most deal w i t h  oysters or clams (eg. Breese and 
M a l a u f  1975; Dupuy e t  a1 . 2977; Castagna and Kraeuter 1981; Walne 1934).  \one 
o f  these deal  w i t h  sca l l ops  and w h i l e  the bas i c  technology i s  s i m i l a r  f a r  most 
b iva lves ,  t he re  are  d i f f e r e n c e s  between hatchery r e a r i n g  o f  scal laps and o t h e r  
b i  va l  ves . 

The remainder o f  t h i s  pub1 i c a t i o n  i s  devoted t o  d e s c r i b i n g  t h e  
hatchery and nursery  techno1 ogy developed t o  produce juven i  1 e sca l  1 ops a t  t he  
Pac i f i c  B i o l o g i c a l  S t a t i o n .  The pr imary  focus was on two species,  t h e  n a t i v e  
rock scal lop and an imported species, P a t i n o ~ e c t e n  yessoensis, the Japanese 
s c a l l o p  (F igure  12 ) .  





F igu re  12. Adult Japanese scallops, 9-10 cm shell he igh t .  These a n i m a l s  are 
F1  generation cultured a t  t h e  P a c i f i c  Biological Station. 





3.2.1 Site Selection 

Selecting a proper site i s  probably the most important 
cons idera t ion  when 1 ocat i ng a scal 1 op hatchery . 

It i s  paramount to ensure there i s  a good water supply. If this 
i s  n o t  available, i t  will be dffficult i f  n o t  imposs ib le  t o  have an e f f i c i e n t  
and p r o f  i tab1 e hatchery o p e r a t i o n .  Na t w o  hatcheries are a1 i ke and 
dif ferences in water  q u a l i t y  i s  often a major contributing f a c t o r  t o  varying 
success. 

PollutSon, particularly industr ia l  pollution, must be avoided. 
The l e tha l  and sublethal  effects o f  most industrial pollutants are unknown but 
can be extremely damaging to  bivalve  l a r v a e .  The recent discovery o f  the 
e f f e c t s  of tributyltin (TBT) i s  an excellent example o f  t h i s  situation 
{Davies, et a7 1986, Davies and Paul 1986). TBT i s  an an t i - f ou l i ng  ingredient 
added to marine p a i n t s .  It i s  extremely lethal to b i v a l v e  larvae, -even at 
concentrations o f  a few parts per b i l l i o n .  I t  i s  a d v i s a b l e  t o  undertake 
bioassays and water qual ity tests o f  water intended for hatchery use before a 
s i t e  i s  selected. Deleterious materials may be seasonal i n  nature so sampling 
should be done over a period o f  a year. 

Scallops have strict physiological requirements, such as water 
temperature, sal ini ty  and oxygen levels, and these must be carefully 
maintained, Species discussed i n  t h i s  manual are temperate species and water 
temperatures above 15-18°C can be stressful, Most species occur i n  oceanic 
conditions and requi re sal i n i  t i  es above 28 ppt (parts per thousand) . Scal 1 ops 
a1 so require water t h a t  is well oxygenated. Poor si tes  for hatcher ies 
general 1 y have high productivity or uncentroll abl e 1 ow sal init i es from 
pro1 onged peri ads of heavy rains . 

If water f o r  t h e  hatchery i s  pumped direct ly  from t h e  ocean, i t  i s  
advisable to have intakes below any known thermocline. I n  t h e  Strait of 
Georgia, intakes should be more than 20 rn below the surface in most areas. 
Water from such depths has a fairly constant temperature, generally will not 
exceed 15"C, and j s not influenced by f r e s h  water f r o m  seasonal ra ins .  
Surface waters are subject to  seasonal plankton blooms and foul ing organisms 
which can clog filters and may be deleterious to  larvae. Care should be taken 
to avo id  supersaturation of any dissolved gases. 

In some cases ,  water for a hatchery  can be pumped from saltwater  
wells and this generally provides high qual i t y  water with constant temperature 
and salinity. In saltwater wells, the water has been fi ltered through 
sediment or porous rock and contains few if any fouling organisms. However, 
i t  may not be convenient t o  build a saltwater well and they may be expensive 
to construct .  

The s ize  o f  pumps and the seawater system in a hatchery will 
depend on the  s i z e  o f  t h e  o p e r a t i o n  and proposed l eve1 of production. I t  i s  
adv isab le  t o  allow for f u t u re  expansion. 

All p i p i n g  should be schedule 46 or 80 polyvinyl chloride (pvc) 
plastic and all material used must be non t o x i c  t o  b i v a l v e  larvae. I f  there  



is any doubt about material i t  should be bioassayed with standard technjques 
(Bourne et a1 1981). 

A t  the Pacific Biological Stat ion,  intakes for the salt water  
system are about 20 m below t h e  surface o f  the water at low tide. Temperature 
o f  t h e  water ranges f r o m  7.5-14°C and the salinity remains constant at 29 +/- 
1 ppt .  the  water i s  well oxygenated with no supersaturation o f  any gases. 
The water i s  filtered through sand filters t o  70 urn t o  prevent f ou l i ng  
organisms settling in t h e  delivery l i n e s .  Approximately 200 1 o f  sal t  water 
per minute can be heated t o  25°C and the same amount chilled to 2°C. 

It is necessary to have heated s a l t  water avai lable  t o  condition 
broodstock, spawn adults and raise larvae. The amount o f  heated water 
required w i  11 depend on t h e  s ize  o f  the hatchery and intended production. 
Chilled w a t e r  i s  needed a l s o  for conditioning and holding broodstock. As i t  
i s  easier t o  heat  than  to chill water, a location wjth cool water temperatures 
i s p r e f  erabl e. 

3.2.2 Hatchery Oesisn 

Proper design o f  a hatchery i s  necessary for efficient  operation. 
Design depends on i ndi v i  dual circumstances but i t  i s advi sabl e to thoroughly 
plan a hatchery before beginning construction. 

A hatchery should be as flexible as possible so tanks can be moved 
t o  d i f f e r e n t  locations without causing major renovations. Wet l a b  space i s  
necessary for a l g a l  culture, holding broodstock, spawning, tanks to raise and 
set 1 arvae and tanks for a nursery system. The wet l a b  area should be 
provided w i t h  large f l o o r  drains, There should be a dry l a b  area where 
equipment such a s  microscopes, balances, and coulter counters, can be kept 
away from s a l t  water. A supply of f r e s h  water is necessary for cleaning and 
washing. D i  st51 led water should be avail able for preparing nutrient solutions 
for a1 gal cul t ure. A compressed a i  r supply i s required for both a1 gal and 
larval culture facilities. Filters to 0 - 4 5  urn should be put i n  the air linle 
to remove any impurities t h a t  may be t o x i c ,  There should be a separate area 
t o  conta in  equipment such as pumps, autoclave, boilers, electrical panels, 
e t c ,  and also a storage area. 

If exotic species or disease studies are contemplated, a 
quarantine facility i s  necessary. Effluent f rom a quarantine facility must be 
treated to prevent t h e  introduction of harmful organisms to t h e  hatchery or 
t h e  environment. T h i s  necess i ta tes  construction o f  a holding tank where 
effluent can be t r e a t e d  t o  destroy any pests ,  parasites or d i s e a s e s .  The 
effluent can be steri l ized by several methods such as chlorination and 
ozonat ion.  If chlorination i s  used, the effluent must be subsequently 
neutralized before it i s  released i n t o  the environment. For most hatcheries a 
quarantine facil i ty will probably not be needed. 

3 . 2 , 3  Alsal Culture Room 

The algal culture f a c i l  i t y  i s  most important and considerable care 



should be given t o  i t s  locat ion f o r  convenient and e f f i c i e n t  operation. Algae 
i s  needed for a l l  phases o f  cu l tu r e  work and requires approximately one-third 
of  t h e  hatchery area, 

Algal culture depends on e l t h e r  natural l i g h t ,  a r t i f i c i a l  l i g h t ,  
or a combination o f  the  two. For natural  l i g h t ,  a greenhouse i s  required, 
preferably on the south facing s ide  of the  hatchery t o  obtain the maximum 
amount o f  sun l i gh t .  The f ac i l  i t y  should be located centrally t o  be 
convenient t o  a l l  areas.  Size depends on intended production and on method o f  
algal  cu l t u r e  used (see Section Algal Culture).  Sufficient electrical power 
should be avai lable  for  a r t i f i c i a l  l i g h t i n g  when natural sunl ight  i s  
inadequate, Compressed air and carbon dioxide will be needed. There should 
be adequate ven t i l a t ion  t o  maintain temperatures a t  or below 20°C on days when 
bright sunl ight  heats up the facil i t y .  If  algae are r a i s e d  e n t i r e l y  wi th  
a r t i f i c i a l  l i gh t i ng ,  i t  i s  advisable t o  locate  t he  a l g a l  f a c i l i t y  as cen t r a l l y  
as possible.  The same c r i t e r i a  apply f o r  an outside algal  cu l t u r e  f a c i l i t y .  
Adequate e l ec t r i c a l  c i r c u i t s  must be provided t o  operate a l l  t h e  l i g h t  
f i x tu r e s  needed f o r  cu l tu re ,  

Some hatcher ies  are two stories in height and the algal  f a c i l i t y  
i s  placed i n  the  upper room. Algae i s  supplied t o  t h e  hatchery by gravi ty  
feed. 

3.2.4 Larval Culture Room 

The hatchery should be f l ex ib l e  s ince  cu l tu re  methods may change 
with t ime .  All services ,  s a l t  water, f resh water, a i r ,  e l e c t r i c i t y  should be 
located conveniently above t h e  tanks but out of the  way. 

Space i s  required f o r  holding brood stock, spawning adu l t s ,  tanks 
f o r  r a i s i n g  and se t t i ng  1 arvae, and i n i t i a l  nursery culture.  There should be 
an area t o  clean equipment. Actual configuration of t h e  hatchery will  depend 
on personal preference but  i t  i s  important t o  carefully consider a l l  t h e  
requi rements and pl  an thoroughly before any construct i on. 

3.2.5 Nursery 

Nursery operat ions occur i n  the  hatchery and i n  t he  open 
' 

environment. I n  t he  hatchery, animals a re  held from t h e  t i m e  o f  se t t i ng  unt i l  
they are about 1.0 rnm shell h e i g h t ,  The nursery need not be an in tegral  par t  
of the  hatchery but can be located a d is tance away f r o m  i t  s ince  mature larvae 
can be readi ly  transported.  A s  discussed l a t e r ,  mast bivalve cu l t u r e  can be 
div ided i n to  three  phases, hatchery, nursery and growout. A nursery s tage,  
where recent ly  metamorphosed larvae ( s p a t )  are grown quickly un t i l  placed in 
t h e  open environment i s  a most impor tan t  stage i n  scal lop cul ture .  The 
nursery will  h o l d  animals from t h e  t i m e  they metamorphose, a t  about 0.3 mm 
shell  length,  un t i l  they are  a t  l e a s t  1 mrn shell  he ight .  

Whether a s t a t i c  or a flow through system i s  used in the nursery, 
t h e r e  should be adequate drains .  Natural sea water with an i n take  about 3 m 
below the water surface should be a v a i l a b l e  f o r  feed ing  juveniles,  since i t  i s  



rich i n  phytoplankton. The water can be filtered through a 50 urn bag t o  
remove undes i rabl e a1 gae and possi  b l  e predators .  

The nursery should be located close t o  t h e  ocean t o  minimize the  
length o f  surface l i n e s ,  which will probably require cleaning of fouling 
organi  sms a t  regul ar interval s . 



4. ALGAL CULTURE 

The algal culture facility i s  a most  impor tan t  part o f  a bivalve 
hatchery. Adequate quantities o f  high-qua1 ity food must  be available at a1 1 
times for successful operations. Scallops feed on unicell ul ar phytoplankton 
both a s  larvae and adults and there must be an adequate supply o f  food t o  
maintain them i n  a healthy condition, A failure i n  t h e  a l g a l  culture f a c i l i t y  
can be catastrophic to t h e  hatchery. The manufacture o f  artificial diets for 
bivalve hatcheries i s  s t i  11 i n  i t s  infancy. Microencapsulated diets (Langdon 
et al. 1985; Chu e t  a l .  1987) have been only partially successful  in 
replacing live unicellular algae, which remain t h e  major  source o f  nutrition 
f o r  filter-feeding organisms (Epifanio 1979; Laing and Millican 1986). 

4.1 Species Cultured 

Many species o f  unicellular algae have been cultured and used in 
bivalve hatcheries. Table 3 shows those species t h a t  have been cultured at 
t h e  Pacific Biological Station. They can be d i v i d e d  into two groups: diatoms 
and flagellates. All species listed are commonly used in b i v a l v e  hatcher ies 
worldwide and are recognized as suitable species i n  terms o f  ease o f  cul ture  
and n u t r i t i v e  value. 

Some species are suitable as food for different life stages o f  
scal l  ops. For 1 arval stages, only three species are used, a fl age1 1 a te ,  
Isochrysj s a f f .  qal bana (Tah i t i  an v a r i e t y ) ,  commonly referred to as Tahitian 
or T. Isachrysi s, and two diatoms, Chaetoceros cal c i  trans, and Thal a s s i  osira 
pseudonana. The remaining species, along w i t h  T Isochrvsis and 1, 
pseudonana, are s u i  tab1 e for nursery culture and broodstock condi t i m i n g .  
S i  ze of an algal cell , presence o f  spines, or cell wall thickness may precl ude 
use of an algal species as larval food .  

4.2 Alqal Growth 

Growth o f  unicellular algae is by simple cell d i v i s i o n ,  i.e. a 
s ingle  cell divides t o  form two c e l l s ,  which then d i v i d e  to form four ce l l s ,  
e t c .  Under normal conditions, an algal culture goes through three phases o f  
growth: lag, exponential and stationary phases (Figure 13). The l a g  phase 
occurs when t h e  culture i s  started and little increase i n  cell density i s  
observed. In heal thy cultures this period is quite short, In t h e  exponential 
phase cell d i v i  s ion occurs rapidly and cell density increases geometrically. 
Growth i s  l i m i t e d  only by t h e  t i m e  required f o r  cell division i n  t h i s  phase. 
In t h e  stationary phase, the r a t e  o f  growth (cell division) declines because 
some factor, such as nutrients o r  light, has become l i m i t i n g  and cell density 
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remains relatively constant. During these d i f f e r e n t  phases o f  growth the 
b i  ochemical content o f  the a1 gae d i  f fers. 

4.3 Biochemical Content o f  Alqae 

The production o f  nutritionally sound larvae and j u v e n i l e s  i s  
dependent on the content and nature o f  biochemica7 constituents in the algal 
food.  These constituents prov ide  bui 1 d i  ng blocks for tissue formati on and 
metabolism. Physical properties o f  the algal food can also affect the value 
of food  to an organism. In general, higher food value i s  obtained from mixed 
a1 gal diets because they are more l i kely to contain the d i v e r s i t y  needed to 
satisfy most nutritional requirements f o r  growth and development. 

Chemical constituents o f  algae are rarely constant, and .the levels 
of macronutrients i n  algae cultured by a s p e c i f i c  hatchery will be dependent 
on the type and content o f  n u t r i e n t s  used in the algal culture media, the 
strain o f  algal  species cultured, t h e  conditions of 1 ight , temperature, 
mixing, t h e  phase of growth when collected, and the qua1 ity o f  seawater used 
to culture the algae, Controlled modification o f  culture conditions o f  algae, 
such as specSfic nutrient 1 imitation, 1 i g h t  and temperature manipulation, have 
been shown t o  a1 ter  s i g n i f i c a n t l y  the biochemical composition of the resultant 
algae (Yader 1979, Redalje and Laws 1983, Terry e t  al. 1983, Enright et al. 
1986). In general, macronutrient levels i n  cultured algae and subsequent food 
value to the target species will be dependent on conditions o f  growth a t  t h e  
hatchery site. 

4.3.1 Enersv Content 

Some of t h e  more commonly used algae for feeding b i v a l v e  l a r v a e  
have been grown under similar conditions and collected and analyzed for 
conten t  o f  rnacronutrients. The calculated energy, equivalent to the content 
o f  these macronutrients i s ill ustrated in Figure 14, Chaetoceros qracil i s has 
the  most balanced composi t i en  o f  a1 1 algae,  followed by Skel etonema costatum, 
Tha l  assiosira pseudonana, and C. calcitrans, The flagell ates,  Tetraselmis 
suecica and Rhodomonas sp., have an excess o f  protein, and T a h i t i  an I sochrvsis 
an overabundance o f  3 i pid, which reduce substantially t h e  content of the other 
nutrients, 

4 . 3 . 2  Carbohydrate 

Pal ysaccharides composed o f  glucose are the principal carbohydrate 
reserves i n  the algae (Whyte 1987). In general, diatoms contain a higher 
level o f  carbohydrates than fl age1 1 ates, a1 though t h e  vari a b i l  i ty in content 
i n  the former i s  dependent on culture phase, particularly i n  f a s t  growing 
diatoms such as 1. pseudonana (Whyte 1987). 









Percentages o f  the e s s e n t i a l  f a t t y  acids i n  t h e  l i p i d  of  some 
a l g a l  species are presented i n  Figure 15, Tahitian I s o c h r v s i s  is lacking in 
20:543 w i t h  less than JX, b u t  has an adequate level o f  2236~3 (11%) t o  meet 
n u t r i t i o n a l  requirements. C .  calcitrans lacks enough 22:6~3 acid, y e t  has t h e  
highest level of 2 0 ~ 5 ~ 3  in all t h e  algae examined. 1. pseudonana and G. 
g r a c i l i s ,  together w i t h  Rhodomonas sp., are all adequate sources o f  both 
essential f a t t y  acids.  5. costaturn provides a low level o f  2 2 t 6 ~ 3 ,  whereas 1, 
suecica has none and would o f f e r  an jncomplete complement o f  d i e t a ry  fatty 
a c i d s .  Complete complements of f a t t y  acids for larval scallops i s  provided by 
a mixed diet of any of t h e  diatoms with T a h i t i a n  Isochrvs is .  

4 . 4  Nut ri ti o n a l  Reaui rement s o f  Scal 1 op Larvae 

Evaluation o f  t h e  biochemical composition o f  mixed algal d i e t s  and 
corresponding mature larvae o f  Japanese scallops fed  these  diets, demonstrated 
t h a t  n u t r i t i o n a l  condition o f  the larvae was correlated with carbohydrate-rich 
d i e t s  (Whyte e t  a ? . ,  in p r e s s ) .  Nutritional condition o f  t h e  larvae was 
assessed by t h e  t o t a l  energy der ived  from the content o f  lipid, protein and 
carbohydrate in the larvae (Whyte e t  a ? .  1987). 

Japanese scal 1 ap T arvae requi re a bal ance between d i e t a r y  protein 
t o  met abol i z e  t i s s u e  product  i o n ,  and dietary carbohydrate for metabol i sm.  
Higher  contents  o f  sugars i n  the algae allow t h e  amino acids derived from 
absorbed p r o t e i n  to be saved f o r  t i s s u e  formation. Similarly, f a t t y  acids can 
be used for  storage a s  l i p i d  rather than be degraded for metabolic 
requi rements.  The type o f  f a t t y  a c i d  rather than quantity o f  l i p i d  appears to 
be impor tan t  f o r  adequate nutrition (Figure 15) (Whyte et a1 . 1987). 
Therefore, algae w i t h  more balanced propor t i ons  o f  macranutrients should be of 
h ighe r  food v a l u e  t o  s c a l  1 ops ,  assuming other nutrj t i o n a l  factors are 
comparable such a s ,  cell s i z e ,  digestibil i t y ,  and freedom from t o x i n s  or 
growth inhibitory metabol i t e s .  

4.5 Nutritional Reau i rernents of Juven i 1 e and Adult Scal 1 ops 

The nutritional requirements f o r  scaTlop spat are still being 
i n v e s t i g a t e d .  The larger sized algae, 10 um or larger, such as C. sracilis, 
Rhodomonas sp . ,  1. sueci c a ,  and the chain farming 5. castaturn, are unsui tab1 e 
as  d i e t s  fo r  l a r v a e  b u t  may be suitable f o r  juveniTes and a d u l t s .  Based on 
biochemical composition, c. sracilis i s  potentially the best  single algal d i e t  
f o r  conditioning broodstock and j u v e n i l e s .  
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4.6 Nutrients  

As with a l l  p l a n t s ,  algae must have su f f i c i en t  nu t r i en t s  t o  
support growth. Since algae a r e  grown i n  high concentrations i n  hatcher ies  
the type and amount o f  nutrients added t o  cu l tu res  i s  c r i t i c a l .  Several types 
o f  nu t r i en t  media are avail  able.  Two are used a t  the P a c i f i c  Biological 
Sta t ion  and these are described in deta i l .  I t  i s  advisable t o  become faint1 iar 
with a s ing le  cu l tu re  media and use i t  rout inely .  I f  f u r t h e r  information on 
d i f f e r e n t  cu l t u r e  media i s  desired t he  reader I s  referred t o  t he  l i t e r a t u r e .  

Different  grades (pu r i t y )  o f  chemicals are ava i l ab le  f o r  the 
preparation o f  n u t r i e n t  s o l u t i o n s .  In research l abora to r ies ,  reagent grade 
chemicals are used but i n  many commercial bivalve hatcher ies  agr icu l tu ra l  
f e r t i  1 i zers ( n i t r a t e ,  phosphate) a r e  used. 

4.6.1 F/2 Media 

A s tandard  algal  cu l t u r e  media used in cu l tu re  f a c i  1 i t i e s  was 
developed by Guillard (19751, cal led F/2 media. I t  i s  d i v i d e d  i n t o  five 
parts: phosphate, n i t r a t e ,  si 1 i c a t e ,  trace meta ls ,  and v i t a m i n s  (Tab1 e 4 ) .  
For each l i t r e  o f  FSW ( f i l t e r e d  seawater), 1 ml each o f  phosphate, nitrate,  
s i l i c a t e  and trace metals, and 1 /2  rnl o f  vitamin solut ion i s  added. 

4.6 .2  HESAW Media 

A more recent n u t r i e n t  mixture was developed by Harri son et  a1 . 
(1980), cal led HESAW (Table 53, This media was developed t o  support growth o f  
a wide range of phytoplankton. Phosphate, n i t r a t e ,  and t race metals are 
combined i n to  a s ingle  so lu t ion ,  and s i l i c a t e  and vitamin so lu t ions  a r e  t he  
same as f o r  the  F/2 Media. One ml of the  media i s  added for each l i t r e  o f  
FSW, 

4.6.3 S i l i c a t e  Solution 

SS 1 i  cate sol wt i on i  s added when d i  atoms ( C l  ass Baci 11 a r i  ophyceae) 
are cultured since si l  i c a t e  i s  required for  formation o f  t h e  s i l i c eous  
f ru s tu l e s .  When non-diatom species,  such as f l a g e l l a t e s ,  are cul tured,  the  
s i l i c a t e  solut ion may be omitted. 

4,6.4  T r i s  B u f f e r  

T r i s  buffer i s  required for any cu l tu re  media t h a t  i s  autoclaved, 
i e .  f l a s k  culture (Table 6 ) .  The bu f f e r  controls  pH o f  the  cu l t u r e  media t o  
prevent p rec ip i t a t ion  o f  some chemicals during autoclaving. I t  also buffers 
t h e  pH o f  t h e  cu l tu re  media during algal  growth. Two ml o f  the buffer 
solution i s  added t o  every 1 i t r e  o f  cu l tu re  media. 
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Table 4 .  Guillard's F/2 media used for culturing algae i n  b i v a l v e  hatcheries.  

1 .  N i t r a t e  NaN03 75 gmfl iter 
2. Phosphate NaH,PO;H,O 5.0 gm/liter 
3 .  S i 7  i c a t e  Na,SiO;9H20 30 gm/l i ter 
4. Trace Metal s 

FeC1;6H20 3.5 gm 
Ma,EDTA 4.36 gm 

Dissolve f n  900 ml dist i l led H,O 

Add 1 ml o f  each o f  the following trace metal solutions 
CuSo;SH,O 0.98 gm/100 ml 
ZnSa;JH,O 2.2 gm/lQO m l  
CoC1;6H20 1.0 gm/100 m l  
MnC1;4H20 18 gm/lOO m7 
Na,MoO;ZH,O 0.63 gm/100 ml 

Bring solution t o  1 l i t e r  with disti l led H,D (pH ca. 2.0) 

Add 1 ml/liter FSW o f  t h e  above solutions (#I-4). 

5. V i t a m i n s  
B i o t i n  1.0 mg 
B-12 1.0 mg 
Thiamine HC1 20.0 mg 

D i s s o l v e  in 1 liter distilled H,O. Store frozen. 

Add 1/2 rnl o f  vitamin solution for every 1 liter FSW. 
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Table 5 .  HESAW media used for cul tur ing a lgae  i n  b i v a l v e  hatcheries. 

1. NaNO, 466.7 gm 
Na;gl ycero - PO, * 5H,O 66.7 gm 

Dissolve i n  T 1 distilled H,O. 

Dissolve in 1 1 hot distilled H,O. 

D i s s a l v e  Sn 100 ml distilled H,O. Add 50 m l  t o  solut ion # l - a n d  the 
remainder t o  solut ion #2. M i x  together solutions #1 and # 2 .  

Dissolve i n  50 m l  distilled H,O. Add t o  above solution, 

D i s s o l v e  in 50 m l  d i s t i l l e d  H,O. Add to above solution* 

D i s s o l v e  in 100 ml distilled H,O. Add I0 ml of solution to above 
solution. 

Dissolve i n  1 1  dist i l led  H,O. Add 1 ml o f  so lut ion  to 100 m l  distilled 
H,O t o  make stock solution. Add 10 rnl stock solution t o  above solution. 

B r i n g  volume o f  solut-ion t o  10 1 by adding distilled H,O. Autoclave 
prior t o  use. Add 1 rnl of  solution f o r  every 1 1 FSW. 

Dissolve i n  11 distilled H,O. Slowly add 1.5 1 1M HC1 (133.5 m l  
concentrated HG1 i n  1.5 1 distilled H,O). Bring volume o f  s o l u t i o n  t o  
10 1 by adding dis t i l l ed  H,O. Autoclave prior t o  use. Add I rnl o f  
s o l u t i o n  for every 1 1 FSW. 

9 ,  Vi tamins 

(Fellow direct ions for vitamins i n  Table 4 . )  



Table 6 .  TRIS buffer solution t o  be added t o  media t h a t  i s  then autoclaved.  

T r  i s ( hydroxymet hyl ) 
amino-methane 50.0 gm 

D i s s o l v e  i n  200 ml d i s t i l l e d  H,O. Add approximately 29.3 ml 
concentrated HC1 t o  bring pH of solution t o  7.2.  Add 2 ml o f  so lut ion 
for  every 1 1 FSW t h a t  i s  t o  be autoclaved. 



4.7 Culture Condi t ions  

Mad ntenance o f  a1 gal cul tures depends on several physical 
parameters, To ensure a consistent and reliable supply o f  algae,  every effort 
should be made to keep t h e  following parameters as constant as possible. 

4.7.1 Temperature 

Proper temperature must  be maintained t o  maximize algal  growth and 
temperature f l u c t u a t i o n s  must be kept to a minimum. M o s t  d ia tom species t h a t  
are cultured in bivalve hatcheries, do not tolerate temperatures above 22°C. 
The f 1 age? 1 ate, T. I sochrvs i s sp . , can be cul tured at temperatures up to 
34°C. Algal cultures should be raised i n  a temperature controlled room held 
at 20-2Z°C, with the exception o f  stock cultures t h a t  are held a t  8°C (see 
below). A temperature recorder or minimum-maximum thermometer should be kept 
i n  the algal culture faci l i ty  to provide a record of temperature v a r i a t i o n s  i n  
the room. 

4 . 7 . 2  Water 

Seawater used for algal culture should be filtered to 1 urn. A t  
t h e  Pacific Biological Station, seawater is passed through four cartridge 
filters, a 10 urn, a I urn, a charcoal filter, and another 1 urn filter. The 
charcoal filter is used to help remove organic material from the seawater, 
This routine provides seawater o f  a constant quality. 

4.7.3 Liqht 

Light i s  probably the limiting factor in most algal culture 
facilities. Adequate l i g h t  for photosynthesis i s  required f a r  optimal algal 
growth. L i g h t  limitation can occur because l i g h t  i n t e n s i t y  i s  toe low or the 
incorrect 1 i gh t  spectrum i s used. 

Light spectrum may af fect  t h e  growth of algae, Fluorescent 
lights, cool white,  gro- lux,  or full spectrum, have been used but no 
sign i f i cant d i  fference in a1 gal growth has been reported when cul tured under 
the d i f f e r e n t  types of light. Electrical connections to l i g h t s  should be 
protected t o  avoid contact w i t h  salt water. Ballasts for fluorescent lights 
should be placed outside the algal culture facility to avoid buildup of heat  
f rom t h i s  source. 

For 1 arge cultures (3000 1 vel umes or more) metal ha1 ide 1 amps can 
be used ,  but these produce considerable heat .  Inc,andescent lighting i s  not 
recommended. 

Light intensity can be measured with an inexpensive l u x  l i g h t  
meter. L i g h t  i n tens i ty  ideally should be approximately 5,000 lux at a 
distance of 10 cm from the light source, but this i s  d i f f i c u l t  t o  attain i n  



most hatcheries,  If a light meter i s  not avai lable ,  have a t  leas t  one side o f  
the culture container f u l l y  illuminated, 

Distance from a l i g h t  source i s  often t h e  primary cause o f  l i g h t  
l imi ta t ion .  Light  i n t e n s i t i e s  decline sharply as distance from a l i g h t  source 
increases, and there fore  i t  i s  important to place the l i g h t  source as c lose  t o  
the  algal  conta iners  as p o s s i b l e .  Light l imi ta t ion  can occur because o f  t h e  
shape of t h e  algal  container. The difference in 1 i g h t  i n t ens i t y  a t  t h e  s ide  
o f  an algal  container t h a t  i s  furthest from t h e  l i g h t  source will be 
considerably less  than the side closest t o  the  source, An oblong container, 
rather than a round one, is the most e f f ec t i ve  way o f  overcoming l i g h t  
limitation from a single bank of l i g h t s .  Other ways t o  overcome l i g h t  
limitation a r e  t o  Srnmerse a waterproof l i g h t  i n  t h e  centre o f  a round 
container or t o  surround the  container with l i g h t s .  

pH i s  a measure o f  a c i d i t y  and t h i s  can g r ea t l y  a f f e c t  a l g a l  
growth. As algal  cells divide  i n  t h e  cu l tu re ,  m e t a b o l i t e s  are released in to  
the  water which a f f e c t  pH. Ideal pH 1 eve1 s f o r  algal  cu l tu re  are between 7.2-  
8.2. A pH of 8.5 or above can be detrimental t o  t he  culture and the  culture 
may crash. 

The pH can be buffered by addit ion o f  carbon dioxide (CO,) . 
Phytoplankton r e s p i r e  CO, as p a r t  o f  t h e i r  metabolism and therefore can 
regula te  the pH o f  the  culture i f  a l ight/dark regime i s  used. I f  an algal  
cu l tu re  was held i n  a regime o f  12 hours of 1 igh t  and 12 hours  o f  darkness, 
the  pH should remain re la t ive ly  constant .  Small cu l tu res  (500 ml) can be 
regulated i n  this manner but  not 1 arge ones. In bivalve hatcher ies  a lgal  
cultures are maintained under a 24 hour 1 igh t  photoperiod t o  maximize algal  
growth . 

Carbon dioxide gas can be in jec ted i n t o  algal cu l tu res  along w i t h  
t h e  air system. A constant level  o f  2-4% CO, mixed w j  t h  the a ir  supply i s  
s u f f i c i e n t ,  b u t  the amount required var ies  w i t h  growth ra te  o f  the algal  
cu l tu re .  In some facilities, CO, i s  i n jec ted  i n to  algal  cultures f o r  2 
minutes every 30 minutes. A more e f f e c t i v e  way o f  adding GO, i n to  the  system 
i s  to monitor the pH of algal  cu l tu res .  A solenoid switch connected t o  a pH 
monitor allows CO, to enter t h e  a i r  l i nes  when t h e  pH increases above desired 
l eve l s  (F igure  16). When t h e  pH has dropped t o  7.2-8.2,  t h e  solenoid w i l l  
close .  Such monitors are commercial ly available, 

4.8 Obtainins Alqal Stocks 

U n i a l g a l  and axenic cultures can be obtained f rom algal  co l l ec t ion  
centres (Tab le  7). Cultures, generally shipped i n  25 ml glass tubes, should 
be shipped v i a  courier or air  express t o  ensure ar r iva l  w i t h i n  two days. 

Cultures should be examined on arrival and i f  a cu l tu re  i s  pale i n  



Tab1 e 7. hocat i on o f  a1 gal col 1 ect  i on centers where stock cul tures o f  a1 gae 
sui table  f o r  feeding bivalve la rvae  can be obtained. 

Center for Culture o f  Marine Phytopl an kton (CCMP) 
B i  gel ow Laboratory for Ocean Sciences 
West Boothbay Harbor, Haine 04575 
U.S.A.  
Phone: (207) 633-2173 
Telex: 04575 CCNP UD 

Dr. Richard C. Starr 
Culture Col 1 ect  i on o f  A1 gae 
Department o f  Botany 
University o f  Texas a t  Austin 
Austin,  Texas 78712 
U.S.A. 
Phone: (512) 471-4019 

Northeast P a c i f i c  Culture Col 1 ect  i on (NEREC) 
Department o f  Oceanography 
University a f  B r i t i s h  Columbia 
6270 Univers i ty  Boul evard 
Vancouver, B r i t  i sh Columbia 
V6T 1W5 
Phone: (604) 228-4378 









colour, i t  should be exposed to  l i g h t  for a few days before being t ransfer red  
(see Section Transfers into Flasks 4 . 9 . 2 ) .  I f  clumps or debris are i n  t h e  
culture, i t  should be transferred immediately. Transfer a1 1 but  about 5 m1 of 
the culture from the tube to inoculate a 250 ml culture flask, If the 
transferred i nocul urn does not grow, a second transfer can be attempted w i t h  
t h e  remaining inoculum. 

4 . 9  F lask  Culture 

Flask culture i s  a convenient method to maintain algal cultures in 
as c lean a condition as possible. Flasks containing FSW and n u t r i e n t s  are 
sterilized by autoclaving and the media i s  inoculated w i t h  a small amount o f  
un i a1 gal cul ture. 

Erl enmyer f l a s k s  generally are used because the shape o f  t h e  flask 
allows for easy pouring, yet they have a large base area t h a t  allows for 
maximum s u r f a c e - t o - a i r  interface of the media f o r  gas exchange. Flasks should 
be no more than 1/2 full at any time. Two sizes o f  flasks can be used, a 250 
ml f l a s k  (filled with 125 ml media) for  stock cultures and a larger 1 1 flask 
( f i  1 led wi th  500 m l  media) for working cultures. 

4.9.1 Prevar i nq Fl asks 

All flasks should be thoroughly cleaned. Algal media i s  mixed i n  
a carboy with  a spigot for easy dispensing. For every l i t r e  of FSW, 1 ml of 
nutrient m i x  (HESAW media), I ml silicate solution, 1/2 m l  vitamin solution, 
and 2 ml TRIS b u f f e r  i s  added, An example i s :  

Add the following t o  20 1 of  filtered seawater 
20 ml n u t r i e n t  solution (HESAW) 
20 ml s i l i c a t e  solution 
10 ml v i tamin  solution 
40 ml TRIS buffer 

A f t e r  media i s  added'to the flasks, cotton or foam stoppers are 
inserted in t h e  neck o f  the f l  asks and covered w i t h  a deubl e 1 ayer o f  a1 uminum 
f o i l .  Cotton stoppers can be made by stuffing cotton bat t ing  in a square o f  
cheesecloth and t i g h t l y  tying the  corners together to make a ball. The layers 
o f  f o i l  should cover  the e n t i r e  neck o f  t h e  flask and are intended to prevent 
airborne contamination o f  t h e  f l a s k  after it i s  autoclaved. 

The flasks are autoclaved to s t e r i l i z e  t h e  media and the inside o f  
t h e  f l a s k .  Complete sterilization is effected a f t e r  15 minutes at 5.8 kg (15  
Jb) pressure in a standard autoclave, The autoclave should be returned to 
room pressure w i t h o u t  venting to avoid boiling o f  t h e  culture media inside t h e  
flasks. Flasks should be autoclaved immediately after media i s  added and be 
a1 lowed to coal to room temperature before being used. Flasks must be handled 
carefully and the cotton stoppers  should never became wet from splashing o f  
t h e  media i n s i d e .  



4.9.2 Trans fer  of Alsae i n t o  F l a s k s  

T rans fe r  o f  an a l g a l  inoculum i n t o  a f l a s k  i s  the t ime when 
b a c t e r i  a1 contaminat ion i s  most 1 i kely t o  occur and cl i n i  cal procedures must 
be fo l lowed.  A l l  f l a s k - t o - f l a s k  t rans fe rs  should be done inside a transfer 
cab inet  t h a t  can be purchased o r  easily constructed (Figure 1 7 ) .  Befare use, 
the i n n e r  sur faces o f  the cab ine t  should be washed down w i t h  85% ethanol  o r  a 
d i l u t e  b leach s o l u t i o n .  An u l t r a v i o l e t  l i g h t  should be installed i n  t h e  
cab inet  and tu rned on a t  least 15 minutes prior t o  use t o  des t roy  any b a c t e r i a  
i n  t h e  cabinet. S m a l l  doors prov ide  minimum opening and allow free movement 
o f  hands inside the cabinet .  A p l e x i g l a s s  f r o n t  prov ides easy viewing. A 
small burner  i s  used t o  f lame t h e  mouth o f  each flask d u r i n g  transfers. The 
procedure for flask-to-flask transfers i s  given i n  Table 8. 

The l i p  of a f l a s k  should n o t  be touched and f l a s k - t o - f l a s k  
contac t  should be avoided w h i l e  pouring. Never place t he  c o t t o n  stopper on 
any surface, but  hold i t  by t h e  top part of t h e  stopper .  

After transfer, t h e  remaining p o r t i o n  o f  culture i n  the 
inocu la t ing  f l a s k  can be used f o r  s t a r t i n g  1 arge cultures or far 
bacteriological testing. 

4 . 9 . 3  Stock Cu l tu res  

B i va l ve  ha tcher ies  should main ta in  s tock cultures o f  a1 1 a lga l  
species used i n  their f a c i l i t y  i n  case a failure occurs i n  the a lga l  l a b .  
Stock cultures are held separately from other a lga l  c u l t u r e s  and should be 
kept i n  an incubator  away from other  algal cultures. Approximately 50 m l  o f  
inoculum i s  used t o  start a new stock culture f l a s k .  The remainder i s  kept  
u n t i l  i t  i s  certain t h a t  algae  i n  the  new f l a s k  are growing. I f  algae i n  the 
new f l a s k  does n o t  grow, then another f l a s k  can be star ted from t h e  remaining 
p o r t i o n .  Stock cultures are grown i n  250 ml f lasks  con ta in ing  about 125-150 
m l  media and are held a t  8°C w i t h  24 hours o f  l i g h t .  The cool temperature 
a1 l o w s  for  slower growth and t h e r e f o r e  less  frequent t r a n s f e r s  are needed. 
Since t h e  flasks a r e  n o t  aerated, they should be swirled g e n t l y  d a i l y  to keep 
t h e  algae i n  suspension. 

A1 l stock cultures should be transferred routinely, approximately 
monthly, t o  ma in ta in  them i n  the l o g  phase growth. I f  proper care  i s  g iven t o  
s tock cultures, new inocu la  f rom a l g a l  banks need on l y  be ordered i n  t h e  
u n l i k e l y  event  o f  contaminat ion or a crash i n  s tock  c u l t u r e s .  

The 1 arger 1 1 f lasks  a1 so can be started from t h e  remaining 
por t ion  o f  t h e  s t o c k  culture. Usua l l y  75-100 ml js s u f f i c i e n t  t o  begin one 
large f l a s k .  

4 . 9 . 4  Workins Cultures 

The l arger, 1 1 f 1 asks are used as working cu7 tures . They are  
he1 d a t  20-2Z°C, wi th  24 hour 1 ight ,  and are transferred rout i nel y every 



Table 8. Procedure for  t r a n s f e r r i n g  alga l  cultures from f l a s k  t o  f l a s k .  

1 .  Wipe a l l  inner sur faces  o f  i n o c u l a t i n g  booth w i t h  85% ethanol. 
2, P l a c e a l l  f l a s k s t h a t w i l l  b e r e q u i r e d i n t h e b o o t h ;  i e .  a l l  f lasksto  

be t r a n s f e r r e d  f r o m  ( t h e  t r a n s f e r  f l a s k )  and f l a s k s  c o n t a i n i n g  
s t e r i  1 ized media t o  be t ransferred i n t o  (new f l  asks).  

3. C l o s e b o o t h a n d s w i t c h o n u l t r a - v i o l e t l a m p .  L e a v e f e r a t l e a s t 2 0  
minutes. ( I t  i s  not  sa fe  t o  l o o k  directly a t  u l t r a v i o l e t  light, so a 
dark cover should be placed over t h e  p l e x i - g l a s s  v iewing p l a t e  when t h e  
l i g h t  i s  on.) 

4. S w i t c h o f f  lamp. I g n i t e s m a l l  burner. 
5. Remove fo i l  c a p s f r o m o n e t r a n s f e r a n d o n e n e w f l a s k .  F l a m e t h e n e c k o f  

each f l a s k  by s low ly  r o t a t i n g  t h e  neck through t h e  f lame. 
6. T i l t t h e n e c k o f t h e t r a n s f e r f l a s k t o w a r d t h e n e w f l a s k .  Inone 

motion, remove both s toppers and pour an inocu l  urn i n t o  t h e  new f l a s k .  
Transfer  approximately 50 m l  f a r  d iatom species and 100 m l  f o r  
f l a g e l l a t e s .  Avoid touching t h e  necks o f  the two flasks. Never touch 
the p o r t i o n  o f  the stepper t h a t  i s  i nse r ted  i n t o  t h e  f l a s k .  Once t h e  
inocul urn i s  added, replace the stopper i n  t h e  t rans fe r  f l a s k .  Slowly 
f lame t h e  neck o f  the new f l a s k  be fore  rep lac ing  i t s  stopper. 

7. Rep1 ace f o i l  cap over the  neck o f  the new f lask .  Using a waterproof 
marker pen, l a b e l  the new flask w i t h  the algal species i nocu la ted  and 
t h e  date  o f  transfer. 

8. R e p e a t p r o c e d u r e f o r a l l  f l a s k s w i t h i n t h e b o o t h .  Oncecompleted, turn 
o f f  burner and open booth. 

9,  Removeal l  n e w f l a s k s a n d p l a c e i n a w e l l - l i t a r e a i n t h e a l g a e c u l t u r e  
facility. 

10. The remaining inoculvm i n  the t r a n s f e r  f l a s k s  can be used t o  i n o c u l a t e  
l a r g e r  c u l t u r e s  such as 4 l i t r e  f l a s k s  or carboys. 









second day. The working cultures are n o t  aerated and should be swirled t w i c e  
d a i l y .  

Approxfmately 100 m l  o f  culture i s  transferred from the 
inoculating flask into the new working culture flask. The remainder of t h e  
working cul ture can be used to i nocul a te  1 arger cvl tures i n carboys. Usual 1 y , 
duplicate f lasks o f  each culture are kept t o  allow for a sufficient inoculum 
to start a carboy culture, It also serves as a reserve in the event t h a t  
a l g a e  in one flask does n o t  grow well .  

4.10 Batch Culture 

Batch culture i s  a common method used for large-scale algal 
culture i n  bivalve hatcheries. Large volumes of algae are grown and harvested 
once t h e  desired stage o f  growth or cell density i s  attained. Each new batch 
i s  inoculated from working culture flasks. The method i s  simple and can be 
used to culture algae i n  a var ie ty  a f  containers. 

A common culture container i s  a 20 1 glass or polycarbenate 
carboy. larger volumes can be produced in clear fibreglass or p l a s t i c  columns 
t h a t  should be no larger than 0.6 rn i n  diameter since light will not penetrate 
to t h e  centre o f  l arger diameter columns (Figure 18). I n  1 arge commerci a1 
hatcheries algae can be raised i n  tanks up l o  3 m in diameter and about 1 m in 
depth .  

Seawater for batch culture i s  filtered to 1 urn (FSW) and 
sterilized by chlorination. A m i n i m u m  chlorine level of 10.0 ppm for 1 hour 
i s  required for effective sterilization (Elston, pers, cornm.). A t  the 
Pacific Biological Station, a c h l o r i n e  level o f  25 ppm i s  used. This level of 
steril ization can be a t t a i n e d  by adding 0.5 ml household bleach (5% sodium 
hypachlorite) for each litre o f  FSW. Generally, containers used for batch 
culture are f i 11 ed with FSW, chlorinated, and 1 eft overnight, Containers are 
filled to t h e  b r i m  so t h e  entire inside of t h e  container i s  sterilized. The 
chlorine must be neutral ized before  t h e  algal inocul urn i s  added and can be 
done by adding an excess of sodium thiosulphate solution (50.0 mg/l) in 
d i  s t i  1 led water. This solution will dechl ori nate an equal vol ume o f  household 
bleach, e .g .  i f  5 ml household bleach is added to FSW, then 5 rnl thiosulphate 
solution i s  required t o  dechlorinate the water .  

After addftion of sodium thiosulphate, the water should be 
aerated for at least 30 minutes,  to ensure thorough mixing o f  the thiosulphate 
and subsequent dechl ori nation. The aerator, whether g7 ass or pl a s t i c ,  must be 
s t e r i l i z e d  before use, either by putting i t  in t h e  container when it is be ing  
sterilized, or keeping i t  i n  a c h l o r i n e  bath, then rinsing i t  w i th  hot fresh 
water before use. 

After dechlorination, nutrients and v i t a m i n s  are added t o  t h e  FSW, 
For  each 1 1 FSW, add 1 ml nutrient mix (HESAW), 1 m3 silicate (for diatoms), 
and 1/2 ml v i t a m i n  solution, The algal inaculum i s  added last. It i s  
important to add s u f f i c i e n t  algae to ensure rap id  growth of t h e  culture, e-g .  





Figure 18. Two methods o f  a l g a l  batch culture used a t  t h e  P a c i f i c  Biolog ica l  
S t a t i o n ,  20 1 carboys and 350 1 columns. 





inoculate a 20 1 carboy with 1 1 inoculum and a 350 1 column with a 20-15 1 
i nocul urn. 

Batch cultures are kept under a 24 hour l i g h t  regime at 20-22°C. 
Harvest o f  t h e  entire batch occurs when algal cell density has reached the 
desired 1 eve1 or before the culture crashes, usually 2-6 days after 
inocula t ion .  The length o f  time depends on species cultured. 

4,11 Semi -Cont i nuous Cul ture 

Semi-continuaus culture i s  a modification o f  the batch culture 
system in which only a p o r t i o n  o f  the culture i s  harvested at any one time, 
and t h e  remaining culture i s  replenished with FSW and nutrients and allowed to 
continue to grow. A s i n g l e  culture can be maintained f o r  up to 3 months. 
Eventual 1 y, semi -cont i nuous cul t ures can crash because of a bui 1 d- up o f  
contaminants, bacteria, or mismanagement. Because a semi-continuous system of 
culture i s  kept for a long t ime ,  every e f f o r t  must be made t o  ensure that 
contamination from any source is minimized. 

4.11.1 Culture Bass 

The most common type of container used i n  semi-continuous culture 
is a sterile polyethylene bag. They are made o f  10 mil polyvinyl plastic and 
are available in t w o  s i z e s ,  0.5 m x 2 m, and 1 rn x 2 m, which hold 250 and 500 
1 o f  water respect ive ly .  The bags are sealed and t h e  i n s i d e  i s  sterile. They 
can be inflated with sterile a i r  (0.22 urn membrane-filtered) to fo rm t h e  shape 
required before they are f i l l e d  with sterilized FSW. 

The bags must  be supported by a frame to maintain a rectangular 
shape and should be positioned so that the maximum d js tance  from the light 
source i s  no more than 20 cm (Figures 19 and 20). 

4.11.2 Sterilization of Seawater 

Seawater can be steril i sed  by p a s t e u r i z a t i o n  or by filtration 
through a 0.22 urn membrane filter. In t h e  pasteurization process water is 
heated t o  75-8O0C, held for a minimum o f  30 minutes, and then cooled before i t  
enters t h e  bag, Sterilization by filtration has not  been tested on a 
commerci a1 scale in bivalve hatcheries. 

4.11.3 Pasteurization o f  Seawater 

Var ious  types o f  pasteurizers are used in bivalve hatcheries. The 
unit at the P a c i f i c  Biological Station i s  described here (Figure 21). 

Seawater used f o r  p a s t e u r i z a t i o n  i s  filtered to 1 urn and passed 
through a charcoal f i  1 ter. When not in use, the heat-exchanger f s drained, 









F i g u r e  TO. Semi-continuous bag culture a t  the  P a c i f i c  B io l og i ca3  S t a t i o n .  









and a slow, continuous flow of water i s  passed through t h e  pas teur ize r  t o  
avoid stagnation and anoxia. 

I t  i s  important t o  ensure t h a t  a l l  l i n e s  connected with the  
pas teur izer  a r e  sterilized before use. I f  possible,  chlorinated (100 ppm) ho t  
f r e s h  water should be pumped through the system f o r  a t  l e a s t  5 minutes, 
fo l lowed by hot pasteurized seawater f o r  a t  l e a s t  5 minutes b e f o r e  use. 

4,11,4 Startins and Maintainins Semi-Continuous Cultures 

Cl i n i cal procedures must be fa1 1 owed t o  maintain cl  ean , heal thy 
algal  cu l tu res .  A i r 7  i nes or  valves inser ted  i n t a  t h e  bag must be autocl aved 
or  r insed with 95% ethanol,  or rubbing alcohol, and t h e  area where they w i  11 
penetrate the bag also must be swabbed. Compressed a i r  enter ing bags should 
be passed through a 0,22 urn f i l t e r  and exhaust openings s tu f fed  with 
ster-il i z e d  cotton or foam stoppers t o  prevent air-borne contamination, 
Nutrients must be s t e r i l i z e d  by autaclaving before use. 

The cu l t u r e  bag must be i n f l a t ed  wi th  a i r  before i t  i s  f i l l e d  w i t h  
pasteurized and cooled FSW to  avoid l a rge  creases forming i n  the bag. An air  
l ine w i t h  a cap i l l a ry  glass pipette a f f i x e d  to the end i s  inse r ted  near the  
bottom o f  the bag. A 50ml syringe i s  inserted in to  each t o p  corner o f  t h e  
bag, one t o  serve as an  exhaust and one for adding nutrients, Nutrients  and 
an algal  inoculum are added once t h e  bag i s  f i l l e d  w i t h  FSW. An advantage of 
semi-continuous cu l tu re  i s  t h a t  only a small inoculum i s  required t o  s tar t  t h e  
cu l tu re ,  e.g, 1-10 1 i s  su f f i c i en t  t o  s tar t  a 500 1 cu l tu re .  

When a bag cul tu re  i s  ready f o r  harvest ,  a valve i s  inser ted  i n  
t h e  l o w e r  ha1 f of the  bag. Cultures are harvested d a i l y  or  every other  day, 
and re f  i l l  ed w i th  pasteurized FSW and nu t r i en t s .  The amount harvested should 
not exceed more than one-third of t h e  t o t a l  volume of t h e  bag. 

A rout ine  should be es tabl ished t o  maintain a bag cu l t u r e  in a 
healthy condit ion.  Ideally,  a cu l tu re  should have t h e  same cell densi ty  each 
time o f  harvest .  T h i s  requires t h e  determination o f  the  amount o f  a1 gae t o  
harvest  a t  any one time, frequency of harvest ,  and quant i ty  o f  nu t r i en t s  
required t o  maintain t h e  culture.  

Theoret ica l ly ,  a semi-continuaus cu l tu re  should l a s t  i nde f in i t e l y  
i f  a l l  requirements for constant algal  growth a r e  maintained. However, some 
f a c t o r  u l t imate ly  becomes 1 imi t i  ng, or the cul ture becomes contaminated w i  t h 
b a c t e r i a .  Pasteurization w i l l  kill bacter ia  but not spores, and t h i s  can lead 
t o  contamination. A semi-continuous cu l tu re  can l a s t  as long as 3 months. 

4 .12  Continuous C u l t u r e  

Continuous cu l tu re  systems monitored by l i g h t  meters or  haemostats 
have been developed. These systems are not commonly used in commercial 
hatcher ies  because t h e y  are cap i ta l  in tens ive ,  are very s ens i t i ve ,  and are 



d i f f i c u l t  t o  install and maintain. 

4.13 Monitorins Alsal Cultures 

Algal cultures should be examined routinely to ensure they are in 
a heal thy condit ion and t o  determine when they are ready for harvest. 

4 .13 .1  V i s u a l  Inspection 

Al l  cultures should be examined daily for clumps or aggregations 
of cells on the bottom. Colour of the culture i s  most important and with 
experience one can quickly determine i f  a culture is heal thy. P o s s i b l e  
reasons why cultures are not healthy are summarized in Table 9 .  

4.13.2 Microscopic ExamS na t  < on 

Algae from all cultures, flask, batch, or semi-continuous, should 
be examined routinely us i ng a compound microscope . Cul tures shoul d have cell s 
of uniform s i r e  t h a t  are  not  clumped t o g e t h e r ,  and are  actively swimming i f  
t h e  species i s  motile. Tf t h e  cells are clumped, cell walls broken, more than  
one species present, or if the culture i s  badly contaminated with b a c t e r i a ,  i t  
s houl d be di scarded . 

4 . 1 3 . 3  Estimatins Alqal D e n s i t y  

Several methods are a v a i l a b l e  to estimate alga l  cell density, a 
spectrophotometer, fl uorometer, haemocytometer, and coul ter counter. 

A spectrophotometer or f 1 uorometer measures t h e  c h l  orophy7 1 A 
content i n  an a lga7  culture and t h i s  can be used to o b t a i n  a quick est imate o f  
cell densi ty .  Graphs comparing cell d e n s i t y  and readings on e i t h e r  instrument 
must be prepared for each algal species,  However, t h e  chlorophyll A content 
in an algal cell i s  not constant and varies with nutritianal state o f  the 
cell. This will a f f e c t  the accuracy o f  cell density est imates derived f r o m  
t h e  use o f  these instruments. 

More accurate estimates o f  cell density can be made using a 
haemacytometer or a coulter counter. 

The haemacytometer was developed to count blood cells. It 
consists of a t h i c k  glass slide w i t h  two chambers, each 1.0 x 1.0 mm. A 
speci a1 coversl ip i s p l  aced over these two chambers t o  g ive  a depth o f  0 , l  mm 
so t h a t  t h e  t o t a l  volume of each chamber i s  0 . 1  mm3. The chambers are divided 
by a grid  to a i d  in counting c e l l s  w i t h i n  t h e  area (Figure 22). Before 
counting motile algal species, 1 or 2 drops of 10% formalin should be added t o  
a 50 rnl sampl e. The coversl i p i s mounted over the chambers and one or two 
drops of t h e  algal sampl e i s p l  aced under the coversl i p. 



Tab1 e 9 .  L i s t  o f  points t o  check i f  algal cultures crash or show poor growth. 

1 .  Air supply. Is there adequate air entering t he  cultures? 

2. Temperature. Check min/max thermometer. Were there any increases or 
decreases i n  the temperature o f  t h e  a1 gal culture faci 1 i ty over t h e  past 
24 hours? 

3 .  pH. Check CO, supply. Is the CO, cyl inder empty? 
Check pH of the algal  cultures using a pH probe. Is the pH t o o  high 
(above 8.5)? Is the pH t o o  low (below 7.5)? 

4 .  Nutrients. Checkrecordsfarthelastt imetheculturesreceived 
nutrients, T h i s  i s  particularly impor tan t  for semi-continuous cultures. 





Figure 22. Diagram o f  counting chamber of haemacytometer used t o  count algal  
cel I s. 





Cell density can be estimated by t h e  fallowing method. 
The centra l  g r i d  i s  d i v i d e d  i n t o  25 squares, each 0.2 x 0,2 mm, t h a t  are again 
d i v i d e d  i n t o  16 squares, each 0.05 x 0,05 mm. The number o f  c e l l  s i n  10 of 
the 0.2 x 0.2 mrn squares are counted and the  average or  mean i s  calculated. 
T h i s  gives t h e  mean number of a lga l  c e l l s  per 0.2mm x 0.2mm x O.lmm, or 0,004 
mm3. 

The following i s  an example: 

Counts o f  algal  c e l l s :  40 + 30 + 50 + 60 + 55 + 65 + 70 + 4 5  + 40 
+ 72) = 525 
Average = 52.5 cellsJ0.004 mm3 
Mul t ip ly  t h e  average by 250 t o  g ive  average number o f  c e l l s  per 
mm3. 
Since there are 1000 mm3 i n  1 m l  , mu1 t i p l y  the  above by 1000. 
In t h i s  example, t he  c e l l  density would be: 
52.5 x 250 x 1000 = 13.1 million (13.1 x lo6)  cells/mJ. 

An easier  and more accurate method o f  e s t i m a t i n g  c e l l  d e n s i t y  i s  
t o  use a coulter counter (Fjgure 23). This instrument was a l s o  developed for 
counting bl ood c e l l  s , 

Several models are avai lable  and a l l  operate on the  same 
principle .  A small electrical current  is establ ished between t w o  points. 
Each t ime a cell passes between them, t h e  current  i s broken and t he  cell  i s  
counted. The size o f  the aperture tube i s  important, and for counting a1 gal 
c e l l s  between 2-10 urn an  aper ture  o f  50 or 100 urn i n  diameter i s  required. A 
known volume o f  water i s  drawn through the openjng i n  t h e  aper ture  t u b e  and 
the cells  are counted. More detailed exp lanat ions  on the operation o f  a 
coul t e r  counter are avai 1 abl e (Sheldon and Parsons 1967, Kranc k and M i  13 igan 
1979).  

Since a lga l  cu l tu res  are o f t en  dense, samples must be d i l u t e d  t o  a 
density t h a t  can be counted accurately,  approximately 50,000 cells/ml. Algal 
samples are usually d i lu ted  with a 3% s o l u t i o n  o f  sodium chloride ( t ab l e  
s a l t ) .  

The following i s  an example: 

Add 0.2 ml o f  a1 gal  cul ture t o  20 m l  3% NaaC1. Mix  we1 1 . Count 3 
t i m e s  and obtain a mean value. 
eg) 5280, 5336, 5120 
I f  the volume o f  the sol utian sampled by the  coul ter counter i s  
0.1 ml, then t h e  average = 5245  cells/0.1 m l .  
To determine t h e  number o f  eel l s i n  1 m7 o f  the  
original  algal culture, mu1 t i  p ly  5245 by 10 t o  obtain the number 
o f  ce l l s  in 1 mT o f  the sample, and multiply by 100 to correct for 
the  d i l u t i o n  factor. 
In this example, cell density would be: 
5245 x 10 x 100 = 5.2 mill ion (5.2 x 10') cells/ml.  

Coulter counters are expensive b u t  used machines can be purchased 





Figure 23. Coul ter Counter used t o  count a1 g a l  ce l l  s and p a r t i c l e s  i n  seawater. 





for a reasonable pr ice .  The cost of purchase i s  quickly offset by time saved 
and the accuracy o f  the counts. 

4.13.4 Bacterial Contamination 

Bacterial contamination generally i s  t he  most common cause o f  
problems or fai 1 ure i n  algal cultures. Algal cultures used in bivalve 
hatcheries are not axenic (bacteri a-free) . Bacter i  a1 1 eve1 s i n  algal cultures 
m u s t  be kept  under control since they can depress growth o f  the  algae and 
cause cultures to crash before reaching harvestable densities. Bacteria may 
actually compete wi th  algae f o r  nutrients (Mathiesson and Toner 1966). A1 gal  
cultures that have high l e v e l s  o f  bacteria may be toxic to bivalve larvae even 
though the  algal cell s appear heal thy (Calabrese and Dav is  1970). 

All flask cultures should be examined monthly using a compound 
microscope to ascertain 1 eve1 s o f  b a c t e r j  a. Batch or semi -continuous cultures 
should be examined daily to avoid using contaminated cultures. Cultures w i t h  
high levels o f  bacterial contamination, e,g. 1:l ratio of algal cells to 
bac te r ia ,  should not be fed to larvae but  should be discarded or fed t o  
broodstock o r  l a t e  juveniles. If a severe bacterial contamination occurs in 
stock cultures, every e f f o r t  should be made to clean the culture with 
a n t i  b i  ot i cs (see be1 ow) or a new cul ture should be ordered from an a1 gal 
culture centre. 

4.13.5 B a c t o ~ e p t o n e  Testinq 

Bactbpeptone testing i s  a method that can be used t o  determine 
levels o f  bacterial contamination in algal cultures and need only be done for 
stock f lask cultures. To prepare bactopeptone media, dissolve 10 gm 
bactopeptene in 1 1 FSW. Fill test tubes w i t h  10 rnl of media, cap t h e  tubes, 
and autoclave. Tubes containing t h e  bactopeptone media are inoculated w i t h  3 -  
4 drops o f  algal cu l tu re  and s t o r e d  i n  the dark for up to two weeks. Some 
faster-growing bacteria will become evident within 2-4 days. I f  bacteria are 
present, the contents o f  the tube will appear cloudy. Select algal cultures 
t h a t  have t h e  least amount o f  bacterial contamination, as evidenced by t h e  
degree o f  cloudiness i n  the bactopeptone test, and discard t h e  remainder, 

4 , 1 4  Antibiotic Treatment o f  Alqal Stocks 

A n t i b i o t i c  treatment generally i s  used only for  stock flask 
cul twres because i t  i s  labaur i n t e n s i v e  and i s  done whenever b a c t e r i a l  
cant ami nat  i on i s i dent i f i ed .  If serious cont ami  nat ion i s observed, i t  may be 
more economical to simply order new algal cultures from an algal culture 
centre. R method t a  help prevent bacterial contamination is to treat stack 
cultures w i t h  antibiotics on a regular b a s i s  ( 4  times yearly), 

The method used for treating stock cultures i s  described by S t e i n  
(1973) and involves use o f  penicillin G (potassium or sodium salt), 



streptomycin sulphate and chloramphenicol .  However, experience shows t h a t  
chloramphenicol  can be t o x i c  to the algae. The a n t i b i o t i c  solut ion used a t  
the  P a c i f i c  B i o l o g i c a l  Station c o n s i s t s  o f  100 mg penicillin G (potassium o r  
sodium s a l t )  and 50 mg streptomycin su lphate  d i s s o l v e d  i n  10 m l  distilled 
water and passed through a 0.22 urn filter i n t o  a sterile septum bottle. The 
s o l u t i o n  may be stored a t  5°C for up t o  5 days. Add 4 m l  of  t h e  a n t i  b io t i c  
s o l u t i o n  t o  250 m l  f l a s k s  containing 100 autoclaved media and add 25 m l  a l g a l  
inoculum (see Section Transfers into Flasks for procedure). Place f l a s k s  
under constant l i g h t  a t  19-22°C for 24 hours. Transfer  25 ml o f  t h e  media 
from t h e  treated f lask to a f l a s k  containing sterile media w i t h o u t  
a n t i b i o t i c s ,  To ensure t h a t  t h e  b a c t e r i a l  contamination has been reduced t o  
an acceptable level,  a bactopeptone t e s t  should be done. 



5. HATCHERY 

The goal of t h e  hatchery i s  to produce quant i t ies  o f  juveni 1 e 
scallops by condi t i ani ng and spawning adults, and rearing larvae and 
juveniles. Each part i s  essential  to t h e  success o f  the hatchery and rout ine 
procedures must be followed closely i f  adequate production i s  t o  be achieved, 

A t  t h e  Pacific Biological Station, hatchery work has focused on 
two species, the na t ive  rock scallop and an exotic species, Patinopeeten 
yessoensi s , t h e  Japanese scal 1 op . Japanese scal lop broodstoc k was imported 
from Mutsu Bay, Aornori Prefecture, Japan, 1983-1986, and was held and spawned 
under quarantine conditions. Since the program has been successful and adult  
Japanese scal 1 ops have been produced i n Bri ti s h Col umbi a, broodstoc k 
importations are no longer required. 

The remainder of the manual i s  compiled from technological 
developments made in t h e  cu l tu re  of these two species. Equipment uti 1 i zed  in 
t h e  hatchery or nursery are listed in Appendix 1, followed by suggested 
suppl i ers . 

5.1 Broodstock 

At the P a c i f i c  Biological Station, no attempt was made t o  induce 
t h e  gametogenic cycle i n  the broodstock, but only to enhance the final stages 
of t h e  cycle. Broodstock was brought into the hatchery approximately 3-5 
weeks p r i o r  t o  the desired t ime o f  spawning. T h i s  must  coincide w i t h  t h e  
n a t u r a l  gametogenic cycle so adults are entering spawning condition or are 
already r i p e .  By holding them i n  a controlled environment, t h e  spawning 
window of the species can be extended over  several  months. Generally, 
mani pul  a t  i ng hol ding temperatures and amount o f  food fed t o  broodstoc k can 
control t h e  period o f  spawning. 

En Japan, the  gonad condition index (wet weight of gonad over 
total wet weight of soft par ts  x 100) i s  followed to determine when the 
animals are sexually ripe (Ventilla 1982). With  experience, i t  i s  p o s s i b l e  t o  
determi ne when most  ani ma1 s are  i n spawn i ng condi ti on by v i  sual observat i on. 

5.1.1 Care and Canditioninq 

Procedures for conditioning broodstock vary with species.  
Japanese scall ops spawn i n  Mutsu Bay when water temperatures increase t o  5- 
6"C, mid-February to end o f  A p r i l  (Ventilla, 1982). Japanese scallops held i n  
Departure Bay appear ripe by early January and spawning probably occurs when 
water temperatures begin to warm from a winter low o f  about 7°C. A n i m a l s  
brought into the laboratory i n  early January can be conditioned t o  spawn 
w i t h i n  two weeks by holding them at 7-8°C and feeding them a continuous supply 



o f  a1 gae (about 10- 15,000 c e l l  s/ml ) . Broodstoc k he1 d under these condi t i  ons 
can be spawned from e a r l y  February t o  t h e  end o f  July .  

Rock sca l l ops  have a p ro t rac ted  spawning p e r i o d  from June t o  
September i n  B r i t i s h  Columbia wate rs  (Bourne, 1988). Adu l t s  brought i n t o  t h e  
1 aboratory as e a r l y  as May can be cond i t ioned f o r  spawning by ho ld ing  them a t  
12-15'6 and feeding them cont inuously ,  I n  1986, broodstock was cond i t ioned 
and spawned from June t o  January, 

Once t h e  an imals  are i n  spawning cond i t ion ,  t h e  w a t e r  temperature 
should be dropped 2-4C" t o  avoid acc identa l  spawning o f  t h e  broodstock i n  t h e  
holding tanks. 

Broodstock are h e l d  i n  shal low tanks supp l ied  w i t h  a constant f l o w  
of seawater. Care should be taken t o  ensure tanks are not  overcrowded, no 
more t h a n  2/3 of the  bottom area i s  occupied by animals. They should not  be 
stacked on t o p  of one another. Nany species, e.g. Japanese sca l lops ,  of ten 
s h i f t  p o s i t i o n  presumably t o  d i s tance  themselves from one another.  This may 
cause undue stress and unnecessary expendi ture o f  energy, Rock scallops d o  
n o t  move and can be placed i n  the tank so t h a t  they are  n o t  touch ing  one 
another. 

An adequate f l o w  o f  water  must be maintained t o  ensure adequate 
d isso l ved  oxygen l e v e l s ,  e.g. about 10 l/min per  100 1 of water. An a i r  
stone can be placed i n  each tank  t o  he lp  main ta in  d isso lved oxygen l e v e l s  and 
a s s i s t  i n  ma in ta in ing  food p a r t i c l e s  i n  suspension. 

A r e c i r c u l  a t ing  pump may be used t o  augment f l o w  r a t e s  of incoming 
water.  An advantage t o  using a r e c i r c u l a t i n g  pump i s  t h a t  f l o w  rates a r e  
enhanced w i t h o u t  r e q u i r i n g  larger volumes o f  water, and hence algal  food w i l l  
remain i n  t h e  tank  for  a l onge r  p e r i o d  o f  t ime.  There i s  a g r e a t e r  l i k e l i h o o d  
of t h e  food being consumed by t h e  broodstock before being f l ushed  away. 

Broodstock tanks should be inspected d a i l y  t a  ensure incoming f l o w  
r a t e s  and food supp l ies  are adequate. Moribund animals, i , e .  animals  w i t h  
retracted mantles, gaping, and not responsive t o  touch, should be removed 
immediately. Tanks should be cleaned r o u t i n e l y ,  a t  least once a week, t o  
remove faeces and dead algae s i  nee t h e i r  accumulations can produce undue 
stress on t h e  animals. 

Broodstock tanks should be suppl i e d  w i t h  a constant food supply by 
pumpi ng a1 gae d i r e c t l y  f r o m  the a1 ga l  room (F igure  24) . dl gae i s pumped every 
30 minutes from a large a l g a l  c u l t u r e  t o  a header tank  (approximate ly  50 1 
volume) and gravity-fed t o  each broodstock tank. Usually a m i x t u r e  of species 
i s f e d  (1 0,000- 15,000 c e l l  s / m l )  (Tab1 e 3) . The ac tua l  vol ume o f  a1 gae requ i red 
t o  feed t h e  broodstock depends on t h e  number and s i z e  o f  a d u l t s  being 
condi t ioned,  t he  density of  t h e  a lgae  and i t s  residence t ime i n  broodstock 
tanks. Generally, 300-700 1 o f  a lgae  i s  fed t o  100 broodstock animals d a i l y .  

Food l i n e s  must be cleaned r e g u l a r l y  t o  avoid a bu i l d -up  o f  
b a c t e r i a  and dead a l g a l  c e l l s .  Th i s  can be done by passing c h l o r i n a t e d  water 
through the l i n e s  on a r e g u l a r  basfs, and a l l ow ing  t h e  wa te r  t o  go t o  waste. 
To avo id  a r a p i d  bu i l dup  o f  ma te r i a l ,  food 1 ines can be p e r i o d i c a l l y  f lushed 







with clean seawater between pulses o f  algae w i t h  a s low,  constant f low of 
seawater entering the  header tank. 

Adults used for spawning should be placed i n  a separate tank  one 
o r  two days prior to spawning. Gencrally, 10-20 females and 5-10 males are 
selected f o r  a s ing le  spawning. Broodstock intended for spawning should have 
large,  plump gonads and have been condit ioned f o r  a t  least  3 weeks. 
I n i t i a l l y ,  i t  may be necessary to make quantitative assessments o f  the  gonad 
to determine gonad ripeness. This can be done by measuring the gonad 
condition index,  wet weSght o f  gonad over  wet weight of total  s o f t  parts x 100 
(Vent i 1 la, 1982). A gonad index o f  25-30% i s  des i rab le  f o r  successful 
spawning. Another method i s  t o  prepare histological sect ions.  However, these 
methods require the s a c r i f i c e  of a large number o f  animals. With experience, 
it  i s  possible to determine gonad ripeness by visual inspection, 

Gonads of Japanese scallops can be easily observed because t h e  
valves can be opened read i ly .  Rock scall  ops are more d i f f i c u l t  to  open 
w i t h o u t  damaging the animal .  They may be stimulated to open by inserting a 
small strand o f  s t i f f  nylon l i n e  into  the mantle cavity through the byssal 
notch gap. Once the valves gape s l i g h t l y ,  a blunt instrument can be used t o  
pry t h e  v a l v e s  open further. When sex and gonad ripeness have been determined 
t h e  animals  should be marked t o  avoid repeated opening. 

Uhen examining broadstock, care should be taken not to damage the 
animal . I f  too much pressure i s appl i ed when opening the val ves , the h i  nge 
ligament can be broken, or the adductor muscle can be torn away from t h e  
she1 1 . The mantle t i ssue  should never be compressed against t h e  she? 1 . 

Seawater used for a l l  phases of spawning should be f i l t e r e d  t o  a t  
leas t  5 urn, Broodstock should be scrubbed clean ~f epi fauna,  

Several methods can be used t o  spawn bivalves (Loosanoff and Davis 
1963, Matsutani and Nomura 1982). The two most frequently used methods t o  
induce spawning i n  scallops a t  the P a c i f i c  Biological Sta t ion  are thermal 
shock and in jec t ions  o f  serotonin in to  the  adductor muscle. 

5.2,l Thermal Stimulation 

Thermal stimulation i s  t h e  cornman method o f  spawning b i v a l v e s  and 
should be tried before o t h e r  methods are used. I t  w i  3 1  general ly induce 
spawning of animals when gonads are fu l ly  ripe. 

Approximately 18 hours before  spawning Japanese scall aps, water i n  
selected broodstock t a n k s  i s  gradually warmed from the holding temperature 
(8*C) t o  10-11°C. Broodstock are removed from the water, exposed to air (15-  
laQC) f o r  1-1.5 hours and re-immersed i n  14-16"C, UV-irradiated seawater. 
Males generally w i l l  start t o  spawn wi th in  1 hour  a f t e r  re-immersion and 



females w i i l  follow soon af ter .  The release of sperm into seawater frequently 
will stimulate other an ima ls  to spawn. 

Japanese scallops can be spawned by thermal stimulation from 
February t o  June. After June, it may be more difficult to maintain broodstock 
i n  a r i p e  condit ion and other methods must be used t o  induce spawning. 

Thermal stimulation can also be used t o  spawn rock scallops, b u t  
they should be re-immersed into 18°C UV-irradiated seawater. 

5.2.2 Serotonin 

If thermal shock does not Induce spawning, an alternative common 
method i s  an injection o f  0.2 ml o f  2 x M solution o f  serotonin 
creatinine sulphate (8  mg dissolved in 10 ml filtered seawater) (Matsutani and 
Nomura, 19821. The solution usually i s  injected i n t o  the adductor muscle, 
a1 though it can be injected i n t o  t h e  gonad. Once serotonin i s  in jected,  t h e  
animals clap t h e j r  valves rapidly for 30 seconds to I minute and then rest 
wi th  the v a l v e s  gaping slightly, sometimes w i t h  the f o o t  extended. Depending 
on ripeness of t h e  gonad, spawning can occur within 10-30 minutes a f t e r  
injection. 

5.2.3 Other  Nethods 

Other methods t o  induce spawning have been used w i t h  some success. 
Additions of 1 arge quantities o f  algae or sperm suspension t o  t h e  spawning 
tray can trigger spawning. Sudden chilling o f  t h e  water to 2-5°C followed by 
sudden warming w i l l  sometimes cause spawning. Additions of potassium chloride 
(KC11 or hydrogen peroxide are also known to stimulate spawning i n  bivalves 
(Morse et a l .  39771,  but they were not successful i n  spawning scallops at the 
Pacific Biological S t a t i o n ,  

5 .2 .4  S ~ a w n i  ns Procedures 

When spawning begins, t h e  scallops should be removed to a separate 
container and allowed to continue to spawn. Usually, 4-5 spawning females or 
males are placed i n t o  a 15-1 glass  jar filled w i t h  FSW (14-15'6). Males and 
females are kept separate ,  Females should be rinsed with FSW before t r a n s f e r  
t o  a separate c o n t a i n e r  t o  avoid contamination by sperm. 

Copious amounts o f  sperm are usual ly re1 eased during spawning and 
very little i s  required to fertilize the eggs. Males are allowed to spawn i n  
a jar, unti 1 the  water becomes cloudy and then are transferred t o  another  j a r .  
Only 1-2 1 o f  sperm suspension i s  saved and t h e  remainder discarded* Since 
t h e r e  i s  usually a lag between t h e  time when males and females spawn, the 
sperm suspension i s  kept cool in a 12°C water bath. As the males continue t o  
spawn, t he  most recently spawned suspension i s  used for fertilizing eggs. 

Females are all owed to spawn i n  a jar unti 1 t h e  water  becomes 



cloudy w i t h  eggs (10-60 minutes) and then transferred to a f r e s h  jar. Eggs 
should be fert  i 1 ized soon after re1 ease, no 1 ater than 1 hour after re1 ease. 

Generally, spawning can be stopped by placing t h e  animals i n  
chilled seawater ( 2 - 3 O C ) ,  and they can be reconditioned for further spawning, 

5.3 Fertilization 

A f t e r  females have been removed from the jar, the egg suspension 
is fertilized by adding a small quantity of sperm suspension. The egg 
suspension i s  constantly agitated while approximately 20-50 rnl sperm 
suspension i s  added t o  a 10 1 volume o f  eggs, After  10 minutes, a sample o f  
eggs i s  examined under a dissecting microscope. If there are 3-4 sperm 
attached to the outside o f  each egg, the sperm-egg rat io  i s  adequate t o  ensure 
good fertilization. If the ratio is lower, more sperm can be added. 

5.3.1 Rinsins Esqs 

Within 20 minutes o f  fertilization, the eggs are passed through a 
105 urn screen, to remove debr is  or large clumps o f  eggs, and collected on a 35 
urn screen. The eggs are  rinsed w i t h  FSW w h i l e  on the s m a l l e r  screen t o  remove 
additional debris and excess sperm. The smaller screen should be submerged i n  
a t r ay  o f  water so that the eggs are not pressed against t h e  screen as they 
are collected. 

5.3.2 Collectins Esqs 

After the fertilized eggs are rinsed, they are resuspended i n  a 
known vol urn@ o f  FSW and a sampl e taken to estimate numbers. The eggs are 
evenly d i s t r i bu t ed  in the water by mix ing  i n  an up-and-down motion with a 
plunger (Figure 25). Eggs should not be stirred or they will concentrate i n  
t h e  centre o f  the container. While mixing w i t h  the plunger, a 1 m l  sample i s  
taken w i th  a pipette. The sample i s  placed on a Sedgwick-Rafter counting cell 
and t h e  eggs counted under a dissecting microscope. To avoid double-counting 
eggs the area of the  counting cell should be div ided  i n t o  columns (Figure 26). 
A mechanical counter  is useful for recording the number of eggs on t h e  sl ide. 
From the 1 rnl sample, the total number o f  eggs i n  t h e  egg suspension can be 
determined by multiplying t h e  number of eggs i n  the sample by the total volume 
o f  t h e  egg suspension i n  mls. 

5.3.3 Abnormal Fert i 1 i z a t  i on 

Abnormal fertilization may be caused by several factors. Too many 
sperm added to t h e  egg suspension can cause polyspermy, when more than one 
sperm cel l penetrate t h e  same egg membrane, and t h i  s causes irregul ar 
$eve1 oprnent . Eggs fert i7 i z e d  more than one hour after re1 ease are 1 i kely t a  
develop abnormally. Work w i t h  oysters has indicated that the longer t h e  
period t h e  eggs have resided in a female af ter  becoming mature, the higher t h e  
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Figure 25. Diagram of plunger used to thoroughly mix larvae i n  a container 
prior t o  sampl i n g .  
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Figure 26. Diagram of Sedgwick-Rafter cel l  used t o  count larvae and estimate 
t o t a l  larval numbers. Arrows i n d i c a t e  direction of scanning t h e  sl ide.  





j nci dence of abnormal development . A s i m i  1 ar phenomenon may occur w i  t h 
sca l l  op eggs. 

5.4 Embryonic DeveloDment 

After  t h e  number o f  fertilized eggs (embryos) i s  calculated,  the  
egg suspension i s  poured care fu l ly  i n to  a tank filled with FSW. Experimental 
work done i n  Japan shows t h a t  optimum embryonic and 1 arval devel opment of t he  
Japanese s ca l l  op occurs a t  10- 15°C and 30-40 pp t  (Yamamoto 1968). 
Experimental work a t  t he  P a c i f i c  Biological Sta t ion has shown t h a t  optimum 
embryonic development f o r  t h e  Japanese scal lop occurs a t  29 ppt and 15-18°C 
(Figure 27, Tab1 e 10).  Rock scal 1 op embryos develop a t  25-29 pp t  and 15-18°C 
(Figure 28). Sca l lop  embryos are heavier than water and sink t o  t h e  bot tom of 
the tank ,  Only a monolayer o f  embryos should be in a tank, or  about 50 
mill ion eggs i n  a 2.5 m diameter tank .  The water should not be aerated or  the 
embryos wi l l  collect i n  windrows a t  the edge o f  the tank because of water 
c i r cu l a t i on .  

Embryos can be l e f t  far 72 hours a f t e r  f e r t i l i z a t i o n ,  during which 
t ime they develop through the trachophore stage and i n to  vel  ige r  larvae .  
During embryonic development, the animals are fragile s ince  they are s o f t -  
bodied and can be e a s i l y  damaged i f  collected on screens. After  embryonic 
development i s  completed, the  resu l t ing  vel ige r  larvae  can be ca l l  ected on 
screens without causing severe damage. 

5.5 Larvae 

Larvae are reared i n  tanks containing FSW t h a t  i s  gent ly  aerated.  
S i z e  o f  t a n k  wi l l  vary w i t h  need, but  generally t h e  larger  t h e  tank t h e  
better. Surfaces tend t o  have higher numbers o f  b a c t e r i a  and so i t  i s  
p re fe rab le  t o  minimize the surface area t o  water volume r a t i o .  Rearing 
temperatures d i f f e r  for various species; for  Japanese scal  1 ops i t  i s  15°C and 
f o r  rock sca l lops  i t  i s  18°C. Aeration o f  the  tanks should n o t  be vigorous, 
jus t  enough t o  cont inual ly  mix t h e  water. The a i r  stone should be suspended 
about 10 cm above the bottom t o  prevent mixing o f  dead o r  diseased larvae or 
d e t r i t a l  material t h a t  may accumulate on the tank bottom. 

Larval tanks should be posit ioned so they are not subjected t o  
direct sunlight. The tops o f  the  tanks can be covered w i t h  dark p l a s t i c  t o  
block out d i r e c t  sun1 igh t  and a1 so prevent debr is  t h a t  may be t o x i c  o r  
bacteria-laden from falling i n t o  the  tanks. Direct sunl ight  may warm the  
water t o  undesirable temperatures and cause a lga l  blooms which can cause 
1 arval mortal i  t i  es. 



Tab1 e 10. S u r v i v a l  o f  Japanese scal 1 op embryos, Pat  inoeecten yessoens i s , 
reared a t  four sal +i n i  t i e s  (Bourne and Hodgson, in prep. ) , Far  each 
experiment, t h e  treatment w i t h  t h e  ' A '  Duncan grouping showed t h e  highest  
survival. Treatments w i t h  the same Duncan grouping were n o t  s ignif icantly  
different. 

Salinity (pp t )  Grouping 

Experiment # 1  
29 
34 
25 
38 

(r2 = 0.97) 

Experiment #2 
29 
25 
34 
38 

(r2 = 0.97) 

Experiment #3 
29 
34 
25 
38 

(rZ = 0,99) 



5 5 5  
0 0 0  

A o o o  





5.5.1 Orai ni ns Larval  Tanks 

Water in l a rva l  tanks should be changed every 3-4 days. Tanks are 
drained through l a rge  siphons and t h e  outflow i s  passed through a screen small 
enough t o  r e t a i n  the larvae  (Figure 29). Table 11 gives recommended screen 
s izes  fo r  co l l e c t i ng  larvae o f  d i f f e r e n t  s i z e s .  The bottom o f  t h e  co l lec t ing  
screen should be submerged i n  a t r a y  o f  water t o  reduce t h e  force by which t h e  
1 arvae are pressed against  t h e  screen. The 1 arvae should not be 1 eft exposed 
t o  a i r  on the  screen when the tank stops draining. After the siphons have 
stopped draining, the bung at t h e  edge o f  the tank bot tom i s  popped and the 
remaining water is allowed t o  gently flow out o f  the tank. All larvae  
col lec ted on t h e  screen are resuspended in a known volume of water in a bucket 
or  other container. 

The tank i s  hosed down with FSW t o  collect any remaining 1 arvae. 
These larvae are termed "dregs' and are put into a 4 1 g l a s s  beaker. The 
dregs are l e f t  t o  s i t  for 15-20 minutes and any larvae t h a t  swim toward the  
top o f  the beaker are decanted into t h e  bucket with the rest of t h e  larvae.  
Th i  s method o f  col lec t i lng 1 arvae f r o m  t h e  dregs can be used i f i t  i s be1 ieved 
t h a t  some o f  them are healthy. I f  a large amount of b a c t e r i a  and/or c i l i a t e s  
are present ,  i t  is best  t o  discard the ent i re  contents o f  t h e  beaker. 

The drained tanks are scrubbed with a d i l u t e  bleach solut ion 
(0.5%), rinsed wi th  f r e s h  water, rinsed w i t h  FSW and refi l led w i t h  FSW before 
the la rvae  are resuspended. 

5 .5 .2  Holdins Larvae Durins Tank Chanses 

The length o f  time the  larvae are held out of t h e  tank should be 
kept to a minimum and should not exceed 2 hours. This  is a s t r e s s fu l  p e r i o d  
for 1 arvae and diseases  t h a t  may be present  could spread rapidly .  A n t i  b i  o t j  cs 
can be added to the buckets t o  control the spread of diseases. A dual 
ant i  b i o t i c  treatment consist ing o f  penicillin G (50 E .U,/1) and streptomycin 
sulphate (50 mg/l) i s  used. On days when water i n  tanks i s  exchanged, a 
working solution o f  a n t i b i o t i c s  i s  prepared; 1.8 gm Pen i c i l l i n  G (1670 
I.U.Jgm) and 3.0 grn streptomycin sulphate dissolved i n  60 m l  d i s t i l l e d  water .  
One m1 o f  t h e  working sol v t i  on i s  added t o  every 1 1 volume in the  buckets. 

Use of a n t i b i o t i c s  i n  larval cu l tu res  is discussed further in t he  
section on Antibiotics. 

5.5.3 Countins and Measurins Larvae 

Larvae are counted in the same manner as eggs. They are  uniformly 
suspended i n  a known volume o f  FSW and a 1 m l  sample taken. Since larvae a r e  
a c t i v e  swimmers, a few drops o f  1% farmalin are added t o  the sample on t h e  
s l i d e  to k i l l  them and make coun t i ng  easier .  Shell lengths o f  15 larvae  are 
taken t o  the nearest  5 urn using an ocular micrometer fitted into the eyepiece 
o f  a d issect ing microscope, I n s t r u c t i o n s  t o  c a l i b r a t e  an ocular  micrometer 
are given . in Appendix 2, 



Table 11. Relat ionship between size  o f  screen and size o f  larvae retained on 
i t. 

Screen Sf ze (urn) Size of Larvae Retained (urn) 

D-stage (115 urn) t o  110 
113 or 1 arger 
170 " 
212 " 
255 '" 
280 " 



Figure 29. Method used to siphon larval tanks. Outflow from siphon 
empties onto screen submerged in water trough. 





At the time of counting, larvae  should be examined ca re fu l ly  t o  
determine i f  they are healthy. Healthy larvae  should have dark d iges t ive  
glands, smooth shel l  margins and well-rounded and evenly c i l i a t e d  velums. 

5.5 .4  Larval Dens i t r  

I t  i s  important t o  ensure t h a t  la rvae  are not subjected t o  
overcrowding in 1 arval tanks because high 1 eve1 s of metabal i c  waste and 
physical damage caused by co l l i s i on  can occur. These condi t ions  cause s t r e s s  
t o  the 1 arvae and can lead t o  high mortal i ties. Recommended 1 arval density 
var ies  wi th  the age o f  the la rvae.  Early vel iger la rvae  (3-10 days) can be 
held a t  d e n s i t i e s  o f  1 .5-1.75 larvae/ml, but older  larvae  (17 days to s e t t i n g )  
should be held at densities no higher than 1 larva/ml. 

5.5.5  Feedinq 

Once t h e  s t ra ight-hinge l a rva l  s tage  i s  reached, t he  larvae  are 
p l  anktotrophic and feed on unicell  ul ar a1 gae. The species and amount of  a1 gae 
fed  depend on age o f  t h e  1 arvae, density of 1 arvae,  and amount of algae 
consumed by t h e  l a rvae ,  Tab le  12 summarizes the feeding protocol used a t  t h e  
Pac i f i c  Biological StatSon, which was developed a f t e r  numerous feeding t r i a l s  
(Whyte e t  a l .  1987, in press, Bourne and Hodgson, i n  prep . ) ,  I n i t i a l l y ,  C. 
calcitrans i s  fed to veliger larvae and the algal  densi ty  i n  t h e  l a rva l  t a n k  
should be 5,000 c e l l  s/ml.  As t h e  1 arvae grow, addi t i  onal a1 g a l  speci es are 
fed and t h e  algal  density i s  increased (Table 12) .  Consumption o f  algae i s  an 
i n d i c a t o r  of t he  s t a t e  o f  health of a larval cu l tu re ,  s ince  heal thy l a rvae  
wi l l  ac t ive ly  swim and graze t he  algae, 

Algae a r e  fed da i l y  and the amount added depends on age o f  the  
larvae and t he  algal  density remaining in t h e  t a n k  f rom prev ious  feedings. 
The Coul ter  Counter i s  necessary for  t h i s  feeding regime f o r  i t  provides a 
measure of the amount o f  algae consumed by larvae. The Coulter Counter 
measures the number o f  p a r t i c l e s  i n  the  seawater but does not  discr iminate  
between algal  c e l l s  and other p a r t i c l e s .  In spite o f  f i n e  f i l t r a t i o n ,  there 
wi 11 be a 1 ow number of p a r t i c l e s  present  i n  FSW. Before a1 gae  a r e  added t o  
the larval tank,  an estimate o f  the p a r t i c l e  count i n  t h e  FSW i s  made and t h i s  
i s  the background count. After the  ra t ion  of algae i s  added t o  t h e  tank, t h e  
t o t a l  p a r t i c l e  count o f  the tank wil l  include both t he  background count and 
the a1 gal count. Be1 ow i s an example t o  determine a l g a l  dens1 t y  in a 7 arval 
tank.  

Pa r t i c l e  count of FSW i s  1,310 particles/ml 
T h i s  i s  t h e  Background count.  
Larvae are 17 days old and therefore  are fed 

5,000 cells/ml T, ~seudonana 
5,000 cells/ml T. lsochrvsi s 
5,000 cellsJm1 C *  c a l c i t r a n s  (Table 1 2 )  

Total = 15,000 cells/ml.  This i s  t h e  Algal count .  
Theref ore Target  count f o r  tank = 8ac kground (1,370) + A1 gal count 
( 15,000) = 16,370 p a r t  i cl  es/ml . 
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Table 12. Algal feeding regime for scallop larvae o f  d i f f e r e n t  ages. 

Age ATgal Density in Tank Algal Species t o  Feed 
(Days) (cell s Jml 1 and Proport i en 

3-5  5,000 Chaetoceras calcitrans 

2:l C,  calcitrans and 
T. Isochrvsis sp. - 

I1 - 15 12,000-15,000 1:l c. calcitrans and 
T. Isochrvsis sp. - 

16-21 15,000-20,000 1:1:1 c. calcitrans, T.  -1sochrvsis 
sp., and Thalassiosira ~seudonana 

22-sett ing . 20,000 1:l:T c. calcitrans, T. Isochrvsis 
s p . ,  and 1. pseudonana 



On days when water i n  1 arval tanks  i s  net changed, a sample o f  t h e  
water f r o m  each tank is collected and t h e  particle count i s  calculated. I f  
t h e  count i s  below the desired t a r g e t  count, then more algae is added to b r i n g  
t h e  count up to the target 1 eve1 , Below i s an exampl e .  

Present particle count in tank = 10,37O/ml. 
Target count for tank = 16,37O/ml (from above example). 
Difference = 6,00O/ml. 
Therefore, add algae t o  g i v e  total concentration of 
16,370/m1 i n  t h e  tank, 

The amount o f  algae added to the tank may seem low, but t h e  
objective i s  to mainta in  a constant algal density in the tank. Three factors  
affect  t h e  r a t e  of algal deplet ion;  grazing rate o f  larvae, larval  density ,  
and settlement o f  algal cells from the water. Some hatcheries add t h e  same 
amount of algae to a tank each day. However, if the algae i s  not consumed at 
the r a t e  at which i t  i s  added, there will be a build-up of algae  i n  the tank 
(see next section).  

5.5.6 Overfeedinq 

Overfeeding should be avoided. Not  only i s  algae wasted, but high 
concentrations o f  algae i n  the larval tanks can be stressful to larvae. If 
t h e  alga l  density i n  a tank becomes too high, then larvae stop feeding and 
larva7 growth and survival decl ine. 

Larval t a n k s  should be protected from br ight  l i g h t  so t h a t  algal 
blooms do n o t  occur and create  an overfeeding situation since t h i s  will cause 
stress to the larvae. 

5.5.7 Growth Rates  

Growth rates o f  larvae are affected by d i e t ,  rearing temperature, 
and state of hea l t h ,  Figures 30-33 illustrate the d i f fe rences  i n  growth rates 
o f  Japanese and rock scallop larvae when reared at different temperatures, 
sal inities, and fed  d i f f e r e n t  d i e t s .  Differences in salinity had 1 i t t l e  
e f f e c t  on larval growth (Figure 32). A t  the rearing temperatures used at t h e  
P a c i f i c  Biological S t a t i o n  (15°C f o r  Japanese scallops and 18°C for rock 
scal 1 ops) and d i e t s  stated (Tab1 e 12), Japanese scal 1 ep 1 arvae have an average 
growth rate o f  6.9 um/day and rock scal 1 op 4.8 um/day (Figure 3 4 ) .  D u r a t i o n  
o f  the larval stage for the Japanese scallop is 21-28 days (15"C) ,  at which 
t ime they are mature and have a she1 1 1 ength o f  260-280 urn (Figure 7)  , Rock 
scallop larvae mature when they are 220 urn in length in approximately 20 days 
(18°C) (Figure 8). 

Groups of larvae may grow slightly faster or slower, b u t  should 
not be markedly different from average growth rates. Larvae growing much 
slower than average may i n d i c a t e  problems w i t h  t h e  culture such as  disease, 
improper feeding, or water qua1 i t y  . 
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5.5.8 Screenins Larvae 

As a group of larvae gets older, the size range o f  larvae within 
t h e  group becomes larger. Initially, all larvae are approximately 120 +/- 5 
urn, but a f t e r  2 weeks there may be as much as a 25 urn s i z e  spread between the 
largest and smallest larvae. Some commercial hatchery managers believe t h a t  
growth of the smaller larvae i s  inhibited by larger ones. Therefore, 1 arvae 
should be sorted routinely into homogeneous s i s e  groups, 

Larvae are first sorted about 14 days a f t e r  f e r t i l i z a t i o n .  
Generally, larvae should be sorted when the size  range of a group exceeds 25 
urn, Larvae are sorted i n t o  sire classes by passing them through a series of 
different mesh screens. The smallest mesh sire should be the same as used to 
col lect the larvae when the tank was drained. Stacked above this screen are 
screens o f  increasing mesh size so t h a t  t h e  largest mesh s i r e  screen i s  on 
top. Larvae are poured through the stack and gently rinsed w i t h  FSW (F igure 
35). The more screens used, t h e  more size  classes o f  larvae are sorted. 
Usually, larvae are sorted into 2-4 size classes. Larvae f rom each sise class 
are resuspended i n  FSW, counted, measured, and pl aced i n t o  appropri ate tanks. 
It is important to ensure the larvae are left on t h e  screens for a minimum 
amount o f  time and are constantly rinsed wi th  FSW. 

5.5.9 Poor Spawns 

On occasion, a group o f  1 arvae from a spawn may have paor growth, 
a1 though they are held under correct cvl ture conditions. Eggs at the t i m e  of 
spawning may not have been fully ripe or had 1 ow energy reserves, and the 
percent fert i l  izat ion o f  these eggs i s  much lower than expected. Poor 
fertilization rate generally coincides with poor growth and survival o f  t h e  
r e s u l t i n g  1 arvae. A few 1 a rvae  from a poor spawn may survive t o  
metamorphosis. Once a poor spawn has been recognized, the larvae should be 
discarded since it i s  n o t  worthwhile to raise  so few larvae. 

5.6 Disease 

Periodically, groups o f  larvae will d i e  suddenly and the entire 
culture i s  lest. High bacterial counts are almost always associated w i t h  
large larval mortal i t ies .  I t  i s  uncertain whether the bacteria cause the 
mortal i t  i es (pathogenic) or are simply present as oppertuni s t i  c bacter ia  
(saprophytic) t o  feed on dying 1 arvae. Bivalve 1 arval diseases are known t o  
occur and every precaution must be taken to prevent epidemics developing i n  a 
hatchery (Bol inches et a1 . 1986, E l  ston e t  a l .  1987). 

To cantrol disease outbreaks in a hatchery, larvae should be 
i nspected regul arly . Unheal thy 1 arvae often have m i  ss hapen vel urns, poor 
colour, and slow growth rates .  Other indicators o f  a possib le  disease are 
reduced algal consumption rates and appearance o f  brown spots or patches on 
t h e  bot tom of 1 arval tanks. Larvae and the patches should be examined 
careful 1 y . 





F igu re  35. Screening larvae. Larvae a r e  r i n s e d  through a ser ies  o f  screens 
stacked i n  descending mesh s i z e .  





A patch can be taken o u t  o f  a tank by us ing  a l ong  p iece  o f  g l a s s  
tubing o r  a t  t h e  t ime o f  water exchange. Hold one end o f  the tub ing c losed 
w i t h  a f i n g e r  and p o s i t i o n  t h e  o the r  end ove r  one o f  t h e  patches. Release t he  
f i n g e r  and the patch w i l l  be sucked up t h e  tubing.  Close o f f  t h e  end of t he  
t u b i n g  again t o  remove the sample from t h e  tank. 

The patches g e n e r a l l y  a r e  groups o f  l a r v a e  stuck toge the r  i n  a 
glutinous mass w i t h  numerous protozoa and b a c t e r i a .  On occasion, a fungal 
i n f e c t i o n  may be present  and can be i d e n t i f i e d  by numerous t h r e a d - l i k e  
p r o j e c t i o n s  i n  t h e  mass o r  i n  t h e  l a r v a l  t i s s u e s .  

If  a disease i s  suspected i n  a tank, t h e  tank should be dra ined 
immediately and thorough ly  scrubbed w i t h  a 1% bleach solution.  Depending on 
the s e v e r i t y  o f  the  disease, a dec is ion  must be made whether i t  i s  adv isab le  
t o  d i  scard a? 1 t he  1 arvae or t o  separate and d i sca rd  on l y  t h e  moribund 1 a rvae .  
Larvae from t h e  bot tom o f  t h e  tank  (dregs} should be d iscarded regardless,  
The remain ing l a rvae  from t h e  d iseased tank can be i so la ted ,  r i n s e d  w i t h  large 
amounts of FSW, and treated w i t h  a n t i b i o t i c s  (see sec t i on  Hold ing Larvae 
Duri ng Tank Changes). 

To p r o t e c t  l a r v a e  f rom f u r t h e r  contaminat ion, t h e  l a r v a l  tank can 
be r e f i l l e d  w i t h  UV- i r rad ia ted  FSW. U V - i r r a d i a t i o n  s t e r i l i z e s  t h e  seawater 
and k i l l s  bacteria. Larvae themselves cannot be exposed t o  U V - l i g h t  as i t  
w i l l  k i l l  them. D e t a i l s  an t h e  f u n c t i o n  o f  a U V - s t e r i l i z e r  are provided i n  
Appendix 3. 

A 1  1 mater i  a1 s used f o r  hand1 i ng t h e  d i  seased 1  arvae must be 
c h l o r i n a t e d  and r i n s e d  t o  prevent  the spread o f  the d isease.  

5.7 Cleanl iness i n  a Hatchery 

Proper hygiene i n  t h e  hatchery cannot be over-st ressed.  
Cont inuous vigi lance  i s  necessary t o  p revent  disease outbreaks and c o n t r o l  
t h e i r  spread. Many b a c t e r i a l  problems are due t o  poor wa te r  f i l t r a t i o n  
systems or l a c k  o f  c l e a n l i n e s s  ( L e w i s  e t  a1 19863. 

Al l  equipment must be washed and d r i ed  r o u t i n e l y .  After use, an 
i tern should be washed immediately, r i n s e d  and a1 1  owed t o  d ry .  Hoses should be 
r insed d a i l y  wi th  f resh wate r  and d r i e d .  P e r i o d i c a l l y ,  a l l  hoses and pumps 
should be c h l o r i n a t e d  and r insed,  Larva l  screens should be dipped i n  a bleach 
s o l u t i o n  and r i n s e d  a f t e r  each use. Buckets used t o  h o l d  1  a rvae  should be 
clearly marked and n o t  used f o r  o t h e r  purposes. S i m i l a r l y ,  buckets and 
brushes used f o r  scrubbing tanks should be c l e a r l y  marked and used f o r  t h a t  
purpose only. A1 1 siphons should be s tored soaking i n  a bleach sol u t i an  or 
r i n s e d  and hung t o  dry .  I 

F i l t e r s  i n  t h e  seawater l i n e s  should be removed, r i n s e d  i n  f r e s h  
water and dipped i n  a b leach s o l u t i o n  when FSW i s  not  requi red .  I f  t h e  



filters are n o t  removed, a slow, constant flow o f  w a t e r  should pass through 
them t o  prevent  s tagnat ion  o f  t h e  seawater i n  the f i l t e r s .  

P e r i o d i c a l l y ,  a1 1 equipment should be r insed i n  bleach o r  washed 
w i t h  biodegradable soap. 

5.8 A n t i b i o t i c s  

Exper imen ta l  work at the P a c i f i c  B i o l o g i c a l  Station has shewn t h a t  
use o f  a n t i b i o t i c s  can improve growth and su rv i va l  o f  1  arvae (F igure 36) .  
However, r o u t i n e  use o f  antibiotics i n  a commercial b i v a l v e  hatchery  should be 
avoided because t h e  c o s t  o f  a n t i b i o t i c s  i s  p r o h i b i t i v e  and t h e r e  i s  the 
p o s s i  b i  l i t y  o f  producing resi s t a n t  strains o f  b a c t e r i a .  Occasional use o f  
a n t i b i o t i c s  may be used t o  t r e a t  s p e c i f i c  problems. 

A n t i b i o t i c s  can be adminis tered i n  two ways. Larvae can be held 
i n  an a n t i b i o t i c  bath solut ion f o r  a short p e r i o d  o f  time, such as when l a r v a e  
h e l d  i n  10 1 buckets inoculated w i t h  a n t i b i o t i c s  du r ing  w a t e r  changes. An 
a l l t e rna t i ve  method i s  t o  add antibiotics di rec t ly  to t h e  l a r v a l  tanks. The 
advantage o f  a sho r t  t e r m  t rea tment  i s  t h a t  small quantities of a n t i b i o t i c s  
a r e  requ i red  b u t  i t  may n o t  be as e f f e c t i v e  i n  c o n t r o l l i n g  diseases as when 
a n t i b i o t i c s  are added t o  larval tanks. 

A t  t h e  P a c i f i c  B i o l o g i c a l  S ta t i on ,  a m ix tu re  o f  t w o  a n t i b i o t i c s  
c o n s i s t i n g  of streptomycin sulphate and p e n i c i l l i n  G is used. A working 
s o l u t i o n  a f  3.0 gm st reptomycin su lphate  and 1.8 gm p e n i c i l l i n  G i s  dissolved 
i n  60 m l  d i s t i l l e d  w a t e r  and i s  prepared on t h e  day i t  i s  requ i red .  One ml of 
t h e  working solution i s  added t o  every J 1 volume of FSW i n  which the larvae 
a re  he7 d . 
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Figure 36. Growth and survival o f  Japanese scal 1 op 1 arvae, Pat  i nopecten 
yessoensis, and rock scallop larvae, Crassadoma sisantea, cultured w i t h  and 
w i t h o u t  a n t i b i o t i c s  (Bourne and Hadgson, i n  prep). 





6. NURSERY 

The goal of the nursery i s  to grow 1 arge quantities o f  juven i le  
scallops quickly from setting size (250 urn) to approx imate ly  40-50 rnm shell  
height, at which time they can be outplanted and grown to commercial s i z e  (10 
cm shel 1 height ) .  

The nursery can be d i v i d e d  into two  stages. The f i r s t  stage, 
referred to here as t h e  primary nursery, encompasses growth o f  juveniles from 
set t lement  t o  about 10 mm s h e l l  height. The second stage, the secondary 
nursery, encompasses growth o f  j u v e n i l e s  from 10 rnm shell height t o  40-50 mn, 
and corresponds w i th  the intermediate phase o f  s c a l l o p  culture i n  Japan 
(Ventilla 1982). 

6 . 1  Pr imary Nursery 

The primary nursery can be further divided into two phases: phase 
1, growth from settlement t o  1 mm shell height, and phase 2, growth to 10 mrn 
shell h e i g h t .  

6 . 1 . 1  Phase E: Settins to 1 mm Shell Height 

A t  t h e  cornpl et i o n  of the 1 arval stage, the larvae are mature and 
capable o f  metamorphosing in to  juveniles, Mature larvae are identified, 
separated f r o m  others and placed in a setting system. Metamorphosis and t h e  
p e r i o d  immediately a f t e r  i s  a critical stage i n  the l i f e  o f  scallops and high 
m o r t a l i t i e s  can occur a t  t h i s  time. Early juveni les  are extremely fragile and 
highest mortal i t i e s  appear to occur when they measure 0.4-0.6 mm s h e l l  height. 
Cause o f  the morta l  i t y  i s  unknown but may be due to poor nutrition or improper 
hand1 i ng , 

6 . 1 . 2  I d e n t i f i c a t i o n  o f  Mature Larvae 

Criteria used t o  determine mature larvae include s i z e ,  morphology 
and behavi our. Mature Japanese scal 1 op 1 arvae are 260-280 urn in shel 1 1 ength 
and mature rock scallop larvae are 220 urn i n  length (Figures 7 and 8). A 
well-developed f o o t ,  developing gill bars, and eyespots approximately 10 urn i n  
diameter a i d  i n  the identification mature larvae. A t  m a t u r i t y ,  the behaviour 
o f  the larvae changes from continuous swimming to periods of swimming 
interspersed w i t h  periods o f  crawling wjth the f o o t  on a substrate. Foot 
extension while swimming i s  also indicative o f  mature larvae, 

6 . 1 . 3  Screenins Mature Larvae 

When mature l arvae are observed during routine inspect ion ,  t h e  



larval culture should be screened to separate them from t h e  rest of the 
larvae, Mature  1 arvae are collected on a 180 or 200 urn screen, following t h e  
procedure outlined in the section Screening Larvae (5 .5 .8 ) .  A larger screen, 
such a s  a 250 urn mesh size, can be placed on t o p  o f  the stack o f  screens t o  
coll e c t  any debris that may be i n  t h e  cul kure. Mature 1 arvae are rinsed from 
the 180 or 200 urn screen, resuspended in a bucket of FSW (15"C), counted and 
measured before placing them into a se t t ing  system. 

Mature larvae often will clump together to form mucous strands i n  
t he  water (Figure 37). This behaviour is called " r a f t i n g "  and is a sign of 
heal  thy and vigorous l a r v a e  t h a t  are ready t o  metamorphose, 

6.1.4 Settins Systems 

Hature larvae are placed into setting systems to undergo 
settlement, metamorphosi s and development into juveni l es, Setting systems 
have particular features, such as cu l tch ,  bacterial f i l m s ,  and water flow, 
which are believed to stimulate metamorphosis. 

6 -  1.4 .1  Cul t c h  

Prior to metamorphosis, scallop larvae stop swimming and attach 
themselves t o  a subst ra te .  Arti fi  c ia1  substrate, cal l  ed cul tch, greatly 
increase t h e  amount of surface area i n  a setting system. If no material is 
provided, 1 arvae can only settle on s ides  and bottom of tanks. 

As w i t h  most  molluscan species, scallop larvae are believed to be 
selective about the  type o f  substrate to which they a t t a c h  before beginning 
metamorp hos i s (Meadows and Campbell 1972, Cri sp 1974, Burke 1983) . The 
behaviour o f  periods of swimming interspersed w i t h  periods o f  crawling i s  
believed to  allow them to test different substrate. If a suitable substrate 
i s  not  located, larvae can delay metamorphosis and may actually d i e  as  larvae 
(Bayne 1965, C r i s p  1974, Sastry 1979, Hadgson and Bourne, 1988). 

Several types o f  material have been tes ted as cultch f o r  scallop 
larvae: bark, palm leaves, monofilament, scallop shell, pebbles, unlaid 
polypropylene line ( C u l l i n e y  1974, Motoda 1977).  Materials that have been 
tested at t h e  P a c i f i c  Biological S t a t i o n  include oyster  and scallop shell, 
monofilament, polypropylene line, vexar,  a r t i f i c i a l  turf, j u t e ,  sisal, and 
kinran. O f  these, t h e  bes t  material i s  kinran, an artificial f i b r e  
manufactured in Japan (Figure 38). 

6 . 1 . 4 . 2  Bacterial Film 

A f i l m  of b a c t e r i a  or micro-organisms on a sur face i s  known to 
influence settl ernent and metamorphosi s o f  some marine invertebrate 1 arvae, 
including bivalves (Cole and Knight-Jones 1949, Walne 1974, Hodgson and Bourne 
1988). S c a l l o p  larvae may be affected by microbial f i l m s  on t h e  cultch 
(Hodgson and Bourne 1988). Cultch used for setting should be soaked in FSW 



Figure 37.  " R a f t i n g "  o f  mature larvae.  Larvae clump together  i n  mucous 
strands when concentrated i n  a small volume o f  water. 





Figure 38. A r t i f i c i a l  f i b r o u s  cul t c h  material, k in ran ,  i n  s e t t i n g  tank.  





for  a minimum o f  10 days p r i o r  t o  the  addit ion o f  mature larvae t o  encourage 
growth of a po ten t ia l ly  beneficial  microbial f i l m .  

6 .1.4.3 Water Flow 

Water movement may a l so  increase the  r a t e  o f  settlement and 
metamorphosis ( C r i s p  and Meadows 1962, Hodgson and Bourne 1988). A water 
c i rcu la t ion  system can be an inherent  par t  o f  the  set t ing system. 

6.1.5 Chemical Induct ion o f  Settlement and Metamorphosis 

Introduction o f  chemicals such as L-Dopamine, GABA, potassium 
chlor ide ,  norepinephrine, epinephrine, and acetyl-a-choline have been shown t o  
induce sett lement and metamorphosis i n  moll uscan 1 arvae (Morse, e t  a1 1979, 
Coon and Banar 1985, Coon e t  a l .  1986). GABA, L-Dopamine, epinephrine, and 
potassium chlor ide  were tes ted  a t  the Pacif ic  Biological Station b u t  d i d  not 
induce Japanese or rock scal lop larvae t o  settle and metamorphose. 

A t  present,  chemicals are no t  used t o  induce sett lement and 
metamorphosis i n  scal lop larvae a t  the  Pacif ic  Biological S ta t ion .  

6.1.6 Thermal St imu la t ion  

A sudden decrease in water temperature may i n f l u e n c e  t h e  onset o f  
sett lement (T.M. Wong, unpubl. MS) .  The r a t e  o f  sett lement and 
metamorphosis f o r  rock scal lop larvae increased when larvae were ch i l l ed  to 
5°C for  a t  l e a s t  30 minutes. Larvae were held i n  a water bath (15°C) and 
gradually coaled over a 20 minute period to 5°C. Larvae were held at 5°C fo r  
30, 60, o r  90 minutes and then allowed to return to room temperature. The 
proport ion o f  larvae t h a t  metamorphosed when held a t  the  cool temperature was 
s ign i f ican t ly  higher than  1 arvae held a t  the control temperature of 15"C, b u t  
d i d  not d i f f e r  w i t h  length of  the  cooling time, In a second experiment, rock 
scallop larvae were cooled t o  8°C w i t h  s imi la r  results. 

A t  t h e  Pac i f i c  Biological S ta t ion ,  mature scal lop larvae are 
rout ine ly  cooled from 15°C t o  8°C i n  a 10 1 bucket be fo re  they are placed i n  a 
s e t t i n g  system. 

6.1.7 Se t t i n s  Tank 

Several types o f  set t ing systems have been tested a t  the Pac i f ic  
Biological Sta t ion.  The most successful method has been t o  se t  the larvae i n  
a large tank (2500 1 )  f i l l e d  wi th  FSW and kinran. The tank i s  gent ly  aerated 
t o  maintain dissolved oxygen levels and to c i r cu l a t e  t h e  water. Th is  system 
requires l i ttl e maintenance. 



6 . 1 . 7 . 1  S e t t  i ns Densi t r  

The number o f  1 arvae pl aced i n  a s e t t i n g  sys tern i s c r i  t i  cal . I f  
too many larvae are put i n t o  the system, t h e  r a t e  of settlement, metamorphosis 
and subsequent post-larval s u r v i v a l  declines. I n i t i a l  studies a t  t h e  Pacif ic  
Biological  S t a t i o n  showed t h a t  s e t t i n g  density should be no h i g h e r  t h a n  2 
1  arvae/ml (Table 1 3 ) .  More recent research has shown tha t  s e t t i n g  d e n s i t y  
should be no higher than 0.5 larva/rnl. 

Sett ing l a r v a e  are fed in t h e  same manner as o t h e r  larvae (Section 
5.5.5). A mixed d i e t  of T.  Isochrysis, C.  c a l c i t r a n s ,  and T. pseudonana i s  
recommended at l evel s o f  20,000 -25,000 eel 1 s/rnl. 

Observations suggest scallop spat  may use an a l t e rna t e -  type of 
feeding between t h e  time the  velum i s  l o s t  and t h e  g i l l  f i laments a r e  a b l e  t o  
take  over  t h e  f e e d i n g  process. The g i l l  f i laments may t ake  2-3 weeks a f t e r  
metamorphosi s t o  develop j n t o  an e f f i c i e n t  fil t e r i n g  apparatus,  During th is  
time, spa t  may not be able  t o  f i l t e r - f e e d  and instead may feed on pa r t i cu l a t e  
material adhering t o  surfaces. The f o o t  may be used f o r  t h i s  feeding process. 

Experimental work a t  the  P a c i f i c  Biological Sta t ion suppor t s  t h i s  
hypothesis.  Soon a f t e r  s e t t i n g ,  t h e  p a r t i c l e  count i n  a set t ing tank d e c l i n e s  
only s l  i g h t l y ,  indicat ing t h a t  7 i t t l e  of the suppl ied phytoplankton i s  
f i l t e r e d  from t h e  water. T h i s  may cont inue  for  up t o  3 weeks and t h e n  
suddenly, t h e  p a r t i c l e  count w i l l  decl ine  s i gn i f i c an t l y .  T h i s  decline may 
ind ica te  t h a t  t h e  juveniles have begun to act ively  f i l t e r  food f r o m  t h e  water. 

6 . 1 . 7 . 3  Chanqinq Water i n  Settins Tanks 

FSW i n  se t t ing  tanks i s  changed 2-3 times weekly. S e t t i n g  tanks 
cannot be d r a i n e d ,  scrubbed, and r e f i l l e d  as larval tanks since s p a t  w i l l  
detach from the  c u l t c h  i f  they are exposed t o  a i r .  Water in a setting t a n k  i s  
exchanged by adding F5W a t  t h e  same r a t e  t h a t  wa te r  i s  siphoned from t h e  t a n k  
so t h a t  t h e  water 1 evel does n o t  change as water i s  exchanged. Water siphoned 
from t h e  tank should be passed through a 180 urn screen t o  r e t a i n  larvae t h a t  
may be siphoned from t h e  t a n k ,  For an e f f ec t i ve  water exchange, approximately 
t w i c e  as much FSW should be added t o  t h e  tank  as the actual volume of t h e  
t a n k .  I f  a tank has been properly exchanged, the background count o f  t h e  tank 
should be l e s s  t h a n  5,000 par t ic les /ml .  

6.1.8 Duration o f  S e t t i n q  

The length o f  time required f o r  la rvae  t o  s e t t l e  and metamorphose 
depends on mat u r i  t y  and heal t h o f  the 7 arvae, and the  presence of s t  i mu7 i . 
The ac tua l  process o f  metamorphosis usually i s  complete w i t h i n  48 hours 
(Hodgson and Burke 1988) b u t  t h i s  may be delayed because o f  unsuitable 
c o n d i t i o n s  i n  t h e  s e t t i n g  system. 



Tab1 e 13. Patino~ecten vessoensi s spat  when s e t  a t  d i f f e r e n t  densities 
(Bourne and Hodgson, i n  prep. ) . 

Dens i t y  % Metamorphosi s 
( I  arvae Jml ) Date s e t  Mean se t t ing  s ize  (urn) 

July  25 
Aug. 1 
July  28 
July  25 
July  28 
Aug. 1 



I f  larvae are s t i l l  observed swimming i n  t h e  s e t t i n g  tank three  
weeks a f t e r  s e t t i ng ,  probably they were not i n  good condition or the 
condit ions in t h e  s e t t i n g  tank were not su i tab le .  In either case, success 
through metamorphosis f o r  such a group o f  1 arvae probably w I l l  be l o w  and it 
will not be worthwhi le  to  main ta in  them longer  i n  the  nursery phase. 

Once t h e  l a r v a e  have metamorphosed, they are s p a t  ( j u v e n i l e s )  and 
are  approx imate ly  270-300 urn i n  shel l  height, Spat  are held in t h e  set t ing 
tanks,  and handled i n  t h e  manner as  described a b o v e  for s e t t i n g ,  until they 
reach a size  o f  1 mm shell height.  Generally, t he  time t o  reach t h i s  size  i s  
3-4 weeks. 

6.2 Phase 2: I mrn t o  1 Q  mrn Shell Height  

F i v e  types o f  cu l t u r e  systems have been examined t o  r e a r  j u v e n i l e  
scallops f r o m  I mrn t o  10 mrn shell height: recirculating t a n k ,  flow-through 
tank  suppl i ed w i t h  surface seawater, downwell ers and upwell ers , raceways, and 
offshore nursery .  

6.2.1 RecirculatSnq Tank 

A r e c i r c u l a t i n g  tank i s  s i m i l a r  t o  a setting t a n k  but  i s  equipped 
w i t h  a recirculating pump t o  increase the rate o f  water movement (Figure 39) .  
An inner-outer  standpipe arrangement allows water t o  be drawn f rom near the 
t a n k  bottom and t o  be pumped i n  a f a n  pattern near t h e  water surface ,  causing 
water c i rcu la t ion  f r o m  t h e  bottom t o  t h e  t o p  of the  tank i n  a circular  
pattern. A n i t e x  screen (250 urn) i s  placed over the  openings o f  the outer 
standpipe t o  prevent entrainment o f  any unattached spat .  Water exchanges are 
undertaken twice weekly. 

6 .2 .2  Nursery Tanks Suppl ied With  Surface Seawater 

The seawater supply  for the hatchery i s  f i l te red  and has l i t t l e  
natural p h y t o p l a n k t o n .  To avo id  having to r a i s e  1 arge q u a n t i t i e s  o f  food i n  
t he  a l g a l  culture f a c i  1 i t y ,  n a t u r a l  phytopl ankton from t h e  surf ace waters can 
be used. Nursery tanks are suppl ied w i t h  a c o n s t a n t  f l o w  of seawater drawn 
from about 3 m below the surface o f  the ocean and f i l t e r e d  t o  50 urn (Figure 
4 0 ) .  The intake l ine  t o  the nursery tanks should be as  s h o r t  as possible t o  
reduce work required t o  clean the l i n e s  f rom fouling.  

I n  Depar ture Bay, coulter counter counts o f  t h e  surface seawater 
generally a r e  about 15,000-20,600 p a r t i  cl es/ml . I n  experimental work, t h i  s 
was augmented by periodic a d d i t i o n s  of c u l t u r e d  phytoplankton t o  b r i n g  t h e  
t o t a l  p a r t i c l e  count up to 20,000-35,00O/ml. Results  indicated t h a t  up t o  
four  t imes as many j u v e n i l e  sca l lops  were recovered f r o m  t h i s  system as 
compared t o  juven i 1 es recovered from a reci rcul a t  i ng system. 

A d i f f i c u l t y  with t h i s  system may be encountered in mainta in ing  
correct water temperatures. In  Departure Bay, surface water temperatures 











increase  t o  20dC i n  summer months, which i s  an unacceptable temperature fo r  
juveni  1 es. 

6 -2.3 Downwell ers and Upwell ers 

Upwel l ing and downwell i n g  systems a r e  used as nursery systems i n  
comrnerci a1 o y s t e r  and clam hatcher ies.  These are basi  cal ly conta iners  w i t h  a 
mesh screen attached t o  t h e  bot tom t h a t  i s  small enough t o  r e t a i n  the spat .  
An i n le t /ou t le t  i s  placed a t  t h e  side  of  the c o n t a i n e r  t o  a1 l ow upward or 
downward water  c i r c u l a t i o n *  In downwellers,  t h e  water i s  passed i n t o  t h e  
container from above and then down through the bottom screen. In an upwell  i n g  
system, water i s  moved up through the  bottom screen and then o u t  an opening on 
t h e  upper side o f  the container. With upwelling systems, a screen should be 
p laced over the o u t l e t  t o  avo id  loss o f  any spat .  

Upwell ers Jdownwell ers can be made i n t o  reci rcul a t  i ng systems by 
p l a c i n g  them i n  a large tank. A l a r g e  volume o f  water can be held i n  t h e  t a n k  
t o  serve as a reservoir and i s  recirculated through the upwellers/ downwel lers 
w i t h  a pump. The wa te r  i n  the system i s  exchanged w i t h  FSW a t  l e a s t  t w i c e  
weekly. Upwell ersJdownwel1 e r s  can a1 so be used i n  a f l  ow-through system 
suppl ied with surface seawater f i l t e r e d  to  50 urn. Flow rates vary w j  t h  t h e  
shape and s i z e  o f  the con ta ine r  and should be between 10 IJminute and TO 
1 /minute . 

6 . 2 . 4  Raceways 

A raceway i s  a shallow t rough w i t h  an i n f l o w  a t  one end and an 
out f low a t  t h e  other.  Water passes over  the spat i n  a laminar f l o w .  Raceways 
usually are s e t  up as a continueus flow-through system, but can be modified t o  
be a r e c i r c u l a t i n g  system. A disadvantage i s  tha t  they require a large amount 
o f  space. 

6.2.5 Of fshore Nursery 

I n  an o f f - shore  nursery, spat a r e  he1 d i n  the  open environment.  
When spat are 1 rnm she1 1 height, they are firmly attached to the c u l  t c h  and 
can be p l  aced i n  spat  bags or onion bags and suspended i n  open environment 
(Figure l o ) ,  Mesh s i z e  o f  s p a t  bags i s  1 - 4  mm and t h i s  i s  impor tan t  for 
maximum growth and s u r v i v a l  o f  s p a t  (Figure 41) ,  I f  t h e  mesh s i z e  j s  t o o  
s m a l l ,  t he re  w i l l  not be an adequate water  exchange through t h e  bags. If t h e  
mesh i s  t o o  large,  spat  t h a t  detach f r o m  the  c u l t c h  w i l l  n o t  be retained. 
When transferring s p a t  t o  t h e  o f f s h o r e  nursery, t h e  t i m e  t h a t  spat  a r e  removed 
f rom the water must be kept t o  a minimum. 

Spat bags are  p l  aced i n  the open ocean so that j u v e n i l e s  can feed 
on n a t u r a l  phytoplankton.  Th is  method a l l o w s  j u v e n i l e s  t o  feed on a wider 
range o f  phytoplankton, which i s  n u t r i t i o n a l l y  advantageous. Spat bags are 
suspended f r o m  a l o n g - l i n e  or f l o a t  and are held a t  a depth o f  5 t o  10 m. The 
depth i s  s i t e  s p e c i f i c .  I t  i s  important t o  suspend them a t  a depth where they 





Figure 41. Spat bag containing kinran and at tached scallop spat .  





will be unaffected by h i g h  temperatures and low s a l i n i t i e s ,  but  not  so deep 
t h a t  the spat cannot benef i t  from the phytoplankton i n  the  seawater. 

A c r i t i c a l  stage i n  t h e  offshore nursery i s  when to  transfer spat  
f rom the setting tank t o  the o f f s h o r e  nursery. U n t i l  1987 a t  the P a c i f i c  
Biological Sta t ion ,  spat were he ld  i n  recirculating tanks f o r  10-12 weeks, a t  
which t i m e  they were approximately 5 mm shell height,  and then transferred t o  
the offshore nursery. The p o s s i b i l i t y  o f  transferring 3 week o l d  spat (0.5- 
0 . 7  mm shell height)  from r e c i r c u l a t i n g  tanks t o  t h e  o f f s h o r e  nursery was 
examined. More s p a t  were recovered when held  i n  t h i s  manner than when held i n  
recircul at ing tanks u n t i l  10 weeks after metamorphosis. These results 
indicate that the offshore nursery system i s  mere e f f i c i e n t  for holding spat  
than t h e  other nursery systems. Current pract ice  a t  t h e  Paci f ic B i o l o g i c a l  
S t a t i o n  i s  t o  hold spat i n  recirculating tanks far  3-5 weeks and then transfer 
them t o  the offshore nursery. Th is  assures t h a t  spat are  f i r m l y  attached t o  
the cul t c h  before they are transferred t o  t he  offshore nursery. 

6.2.6 Feedinq 

In  a recirculating system, food l e v e l s  are  moni tored i n  the same 
manner as l a r v a l  and setting tanks (Section 5 . 5 . 5 ) .  Food l e v e l s  shauld be 
maintained a t  30,000-35,000 ce l l s /m l  and all phytoplankton spec ies l isted i n  
Table 3 can be used as food.  I f  food I eve1 s begin t o  drop markedly in 24 
hours, feeding should be increased t o  40,000-50,000 cell s/ml and tanks should 
be checked twice daily. 

A major food component fo r  j u v e n i l e s  i n  a flow-through system i s  
na tu ra l  phytoplankton i n  seawater, but t h i s  can be augmented w i t h  cultured 
algae. A cont inuous d r i p  feed system should be installed so that food levels 
remain r e l a t i v e l y  constant .  This  requires c a l c u l a t i o n  o f  the c e l l  
concentrat ion of t h e  algae t o  be added and the  f l o w  rate through the system, 
so t h a t  food l e v e l s  i n  t h e  tank have a cantinuous concentration of 20,000- 
30,000 cell s/rnl. 

6.2.7 Removins S ~ a t  f rom Cultch, 

For some nursery systems, e. g . upwell ers/downwel l ers, i t  may be 
desirable t o  remove the  spat  from t h e  c u l  t ch .  Several methods have been tried 
t o  remove Japanese scallop spat from cu l t ch  (Table 14) [Hodgson and Bourne, i n  
prep. 1, A 500 ppm so lu t i on  of sodium h y p o c h l o r i t e  was effective in causing 
spa t  t o  release from the cultch w i t h i n  5 minutes, a 250 ppm s o l u t i o n  was 
e f f e c t i v e  a f t e r  30 minutes.  A 10% solution o f  sodium c h l o r i d e  a l s o  caused 
spat t o  detach. Spat appeared heal thy and a l i v e  48 hours a f t e r  treatments. 
Magnesium c h l o r i d e  and magnesium sulphate caused t h e  s p a t  t o  relax, b u t  they 
remained attached t o  the c u l  t ch ,  

Another method t h a t  removed spat  f r om  c u l  tch  was t o  expose them t o  
air for approximately 30 minutes, and then agitate them i n  a small volume o f  
FSW. T h i s  i s  the  method t h a t  1s currently practised a t  the Pacific B i o l o g i c a l  
S t a t  i o n  when q u a n t i t i e s  o f  s ing1 e spat  are requ i red .  



Table 14 .  L i s t  o f  substances tested t o  induce detachment o f  spat f r o m  cul tch. 

Sodi urn chloride 10 % i n  distilled H,O 
Sodium hypochl ori te 550 ppm i n  FSW 

250 ppm in FSW 

Caused spa t  t o  relax but not detach 

Magnesium chloride 10 gm/l i n  FSW 
66.4 gm/l in distilled H,O 

Magnesi urn su l fa te  10 gm/l i n  FSW 
1 2 3 . 2  gm/l i n  dist i l led H,O 

Not e f fec t ive  

MS 222 
2- Rhenoxethanel 
Eponte- sombrevi n 
Q u i  naldine sulfate  
Potassi  urn chloride 
Calcium chloride 
Sod i urn 1 auryl sul f a t e  
Sodi urn metabi sul f i t e  

100 gm.1 i n  FSW 
0.5 ml /T  i n  FSW 
40 gm/l i n  FSN 
100 mg/l i n  FSW 
I gm/J i n  FSW 
5 gm/l i n  FSW 
0 . 1  gm/l i n  FSW 
0.1 gm/l i ,n FSW 
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Figure 42. Juvenile Japanese scallops, 10 mm shell  he igh t .  





Figure 43. Juvenile Japanese scallops emptied from spat  bag. 





Figure 4 4 ,  Apparatus for  collecting and sorting j u v e n i l e  scallops from s p a t  
bags. Spat are washed from c u l t c h  and i n t o  a seawater t ab l e  for  sorting. 





7. GROWOUT 

The f i n a l  stage o f  scaJ 1 op culture f s the growout phase, where 
juvenile scallops are cultured from 40-50 mm shell he ight  t o  cemmercial s i z e  
(10 cm shell height) .  The growout phase ideally should be 1 year in duration. 
Only limited work has been undertaken in the growout phase o f  culture of 
Japanese and rock scallops a t  t h e  Pacific BiologScal Sta t ion .  Scallops can be 
grown by two methods, Bottom culture and hanging or suspended culture. 

7.1 Bo t tom Culture 

Bottom culture i s  pract ised i n  Japan and New Zeal and, and i s  being 
attempted in France (Ventilla 1982; Bull 1986; Dao, et a l .  1988). I n  Japan, 
juveni le  scallops,  40-50 mm shell height, are released and allowed to set t le  
on large areas af the ocean bottom to achieve densities of 5-10 scal lops per 
square meter. They are harvested three to four years later by dragging. In 
New Zealand, juvenile scallops are released when they are 10-30 mm shell 
height and harvested 2 years later. Size o f  the scallop at t h e  time of 
release i s  important to ensure they will not suffocate i n  the bottom 
s u b s t r a t e .  Bottom type should be firm to avoid scallops sinking i n t o  t h e  
sediment. 

Bottom culture has not been examined i n  B r i t i s h  Columbia. I t  i s  
doubtful if i t  has immediate potential because of t h e  large number o f  benthic 
predators, e.g. seastars and crabs. Another compl icat ion i s  t h a t  leases 
would have to be obtained for  large subtidal areas to ensure a grower had sole 
r igh ts  to scallops planted  in an area. 

7.2 Suspended Culture 

Suspended or hanging culture includes methods where scallops are 
h e l d  in cages or nets suspended from long-lines in the water column. The 
long-lines should be submerged to avoid wave act ion (Figure 45).  Long-lines 
must be anchored effectively. An area can be made more efficient and 
anchoring c o s t s  reduced if several long-lines are attached together (Figure 
46). 

As t h e  weight of a long-line system increases because of growth of 
scallops and fouling organisms, more floatation is required at regular 
intervals to prevent  t h e  culture system sinking. Rather than adding more 
floatation, a sinker system can be used that releases weights as the culture 
system g e t  heav ier .  Sinker weights are suspended near the bot tom at regular 
intervals on t h e  ground 1 ine. As the  culture system sinks,  one or more o f  the 
sinkers touch bot tom and e f f e c t i v e l y  removes the weight from t h e  system 
(Figure 4 5 ) .  













7 . 2 . 1  Culture Nets 

Scallops must be contained to prevent l o s s e s  by swimming. The 
supporting surfaces of culture containers should be kept horizontal to prevent 
t h e  scallops bunching i n t o  a corner. I f  this occurs, scallops will bi te  one 
another and this will lead t o  excessive mortalities. A variety o f  different 
n e t s  and containers can be used f o r  scallop culture. two common types of n e t s  
are pearl and lantern n e t s  (Figure 47) ,  

Wire mesh enclosures are not suitable f o r  scallop culture because 
t h e  fragile shell margins can be easily broken i f  the scallops strike t h e  w i r e  
mesh (Mottet 1979). 

7.2.2 Stockins D e n s i t y  and Net Maintenance 

Scallop shells, particularly juveniles, have sharp edges. I f  
d e n s i t i e s  i n s i d e  a n e t  are t o o  h i g h ,  they w i l l  bite one another, causing 
damage t o  the s o f t  parts, This  leads to slow growth or m o r t a l i t i e s ,  Stocking 
density will vary with s i t e  l o c a t i o n ,  A rule of thumb f o r  stocking density i s  
that the area occupied by scallops should not be mare than 25% o f  t h e  bottom 
area of the  conta iner .  A regular schedule for cleaning or changing n e t s  and 
reducing scallop density should be maintained, T h i s  will be site dependent 
since scallop growth and foul ing w i l l  vary wi th  different sites. Initially, 
n e t s  should be checked every two or three months. 

Scallops that are 40-50 mm shell height can be ear-hung by 
d r i l l i n g  a hole i n  t h e  left anterior auricle (Figure 48) and inserting a 
f a s t e n e r  that i s  a f f i x e d  to a rope .  A recent  development in ear-hanging 
technology i s  the production of a small plastic clip called a-ge-pin (Figure 
49) to replace t h e  time-consuming method of threading and tying monofilament 
l i n e s  through scallops and attaching them to ropes,  

Although ear-hanging is labour-intensive initially, i t  i s  less so 
overall because scallops need not be checked regularly f o r  f o u l i n g  as w i t h  net 
cultures. C o s t  of ear-hanging i s  about one-tenth that  o f  net culture and up 
to 4.5 times as  many scallops can be cultured per  long-line (Mottet 19791, 
Valves of ear-hung scallops are more convex and contain up to  8-10% more meat 
than bottom-cultured animals (Mot te t  1979). 

7 . 2 . 4  Advantases of Suspended Cul ture 

Experience i n  Japan has shown t h a t  suspended culture has 
advantages when compared to bot tom culture ( M o t t e t  1979). Scallops grow 
faster and reach market s i z e  within 2 years compared to 3-4 years for bot tom 
culture.  Suspended culture can be practised i n  areas not s u i t a b l e  for bottom 
culture and t h e  scallops may bring a h ighe r  price because they contain less 
sand or bottom sediments. 





Figure 47. Pearl and lantern nets for  suspended culture o f  scallops. 
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Figure 48. Diagram of 1 ocation on r i g h t  va lve  o f  Japanese scal 1 op where h o l e  
should be drilled for ear hanging culture. 





Figure 49. Scallops a t t ached  t o  rope by a-ge-pin for  ear hanging culture. 





7.3 Transport  a t  i on o f  Scal 1 op Seed 

Frequently,  seed must be shipped to  a growout s i t e .  A s u i t a b l e  
method t o  s h i p  j u v e n i l e  sca l l ops  i s  i n  an i n s u l ~ a t e d  coo le r  (F igure  50). They 
are  kept  moi s t  by pl a c i  ng them between h o r i z o n t a l  1 ayers o f  paper  towel l i n g  ar 
foam rubber t h a t  has been wet ted  i n  cool seawater. The j u v e n i l e s  should be 
spaced so they do not touch each o the r  and cause damage by biting. Ice packs 
are placed i n  t h e  con ta ine r  t o  main ta in  a cool temperature, below IO°C. 
Experiments undertaken a t  t h e  P a c i f i c  B i o l o g i c a l  S t a t i o n  show t h a t  j u v e n i l e s  
can su rv i ve  fo r  up t o  24 hours i f  the  temperature i n  t h e  cooler does not  
exceed 8°C (Table 151,  

7.4 S i t e  Se lec t ion 

As w i t h  a l l  culture operat ions, a lease must be obtained be fo re  
any a c t i v i t y  can be s ta r ted .  Leases are obtained from the Lands Branch of t h e  
P r o v i n c i a l  M in is t ry  o f  Lands, Parks, and Housing (Quayle 1988a). 

S i t e  s e l e c t i o n  i s  impor tan t  an6 a s i t e  should be examined over  a 
12 month p e r i o d  be fore  commerci a1 operati ons are i n i  t i  ated. I dea l  1 y, several 
s i t e s  should be tested t o  determine which i s  t he  most s u i t a b l e .  Factors t o  be 
considered are  bath b i o l o g i c a l  and non-b io log i ca l  and inc lude  temperature, 
sal i n i  t y  , wave action,  food abundance, and d i  sease (Tab? e 16) . 

Resu l ts  of p r e l  i m i  nary growout tri a1 s w i t h  Japanese scallops 
i nd ica te  the f o l l  owing parameters are important  i f  good growth and maximum 
s u r v i v a l  are t o  be achieved. 

7 . 4 . 1  Water D e ~ t h  

S u f f i c i e n t  water depth i s  requ i red  t o  prevent c u l t u r e  l i n e s  
touching the  bot tom a t  low t i d e s  which would permi t  predators,  such as crabs 
and seastars, t o  move up t h e  l i n e s  and prey on t h e  sca l lops .  Optimum water 
depth f o r  hanging c u l t u r e  i s  s i t e  dependent ,  A minimum depth  a t  most s i t e s  i s  
5 meters t o  avo id  h igh  su r f ace  wate r  temperatures and low  su r face  s a l i n i t i e s .  
I n  Departure Bay, Japanese sca l l ops  are held  a t  10 m f r o m  t h e  end af March 
u n t i l  October t o  avo id  warm water conditions and excess ive f o u l i n g  dur ing t h i s  
per iod,  and raised t o  5 rn for the remainder o f  t h e  year. 

7 . 4 . 2  Water Temperature, Sal i n i t v  and Current 

Japanese sca l l ops  should be he ld  i n  areas where temperatures are 
below 15°C and s a l i n i t i e s  are  28 pp t  o r  greater. Higher temperatures o r  lower 
sal i n i t i e s  can be s t r e s s f u l .  

Rock scallops can be cultured i n  waters w i t h  temperatures up t o  
20°C and sal i n i  t i e s  o f  25 pp t  or grea te r .  



Tab1 e 15. Temperature and exposure t o 1  erances o f  j uveni 1 e Japanese scal 1 ops 
(2  cm she1 1 height) t h a t  may be experienced during shipping. 

A. Percent survival o f  scallops packed between layers o f  newsprint soaked 
i n  FSW. ( 2  repl i c a t e s )  

Temperature 
("C) 

Exposure (hours) 
24 48 72 

B. Percentsurvival o f s c a l l o p s i m e r s e d i n F S W o f d i f f e r e n t t e m p e r a t u r e s .  
(3  replicates) 

Ti me (minutes) Temperature ("C) 
10 13 16 19 22 

C. Percent survival o f  scal lops held a t  3 sal init ies  and 3 temperatures for 
120 minutes. ( 2  replicates) 

Temperature 
("C S 

Sal i n i  ty  (ppt) 
14 18 22 

D. Percent s u r v i v a l  o f  scal 1 ops emmersed f rom seawater. (3  repl i cates) 

A i  r Temperature T i  me (minutes) 
("c 1 30 60 90 120 



Table  16 .  Factors t h a t  should be considered when selecting a s i t e  for growout 
o f  scal 1 ops. 

Water Depth 
Water Temperature and Salinity 
Currents  
Water Qua1 i t y  
Wind/Wave Exposure 
Food Supply 
Foul i ng 
Disease 
Bottom Type 
Accessibility and Security 





Figure 50. Japanese scal lops packed i n t o  styrofoam conta iner  f o r  shipment, 





A current  i s  required t o  allow adequate w a t e r  exchange through t h e  
cu l tu re  system. Water current  br ing  phytoplankton and dissolved nu t r i en t s  t o  
t h e  sca l lops ,  which permit growth and survival ,  and help t o  remove faeces and 
d e t r i t u s .  Areas with no or l i t t l e  water current  may n o t  be suitable for  
scallop culture. Areas w i t h  high water  current should a l so  be avoided since 
they create excessive movement of the  culture system. Current should range 
f r o m  1.5  t o  3 knots. 

7.4.3 Water 0uali t .y 

Water qua l i t y  i s  important. Adequate disso lved  oxygen l eve l s  must 
be maintained and pol 1 ution should be avoided. 

Raw sewage discharge raises col i form bacter j  a counts i n  t h e  
surrounding waters but can a l so  s t i m u l a t e  algal blooms because o f  added 
nut r i en t s .  These areas  may be highly productive f o r  f i l t e r - f eed ing  scal lops ,  
but are r e s t r i c t e d  t o  s h e l l f i s h  harvest ing .  Scallops grown i n  such areas 
would have t o  be depurated before they are marketed. 

Effluent f rom indus t r i a l  s i t e s ,  such as heavy metals ,  o i l ,  and 
pulp mill e f f l uen t ,  can cause i r r eve r s i b l e  contamina t ion  t o  shel l f i s h  and can 
i n h i b i t  growth and survival .  S i t e s  near indust r ia l  f a c i l i t i e s  t h a t  are 
discharging i n t o  the seawater should be avoided. 

7 .4 .4  WindJWave Exposure 

Excessive wind and wave exposure can cause loss of gear and 
animals. A certain degree o f  s h e l t e r  i s  needed a t  the cu l tu re  s i t e .  Vertical 
movement of the cu l tu re  system caused by wave action affects  growth and 
survival o f  scal lops  since they are s e n s i t i v e  t o  movement and may clamp t h e i r  
v a l v e s  closed and s t o p  feed ing  (Mottet 1979). Movement o f  t h e  cu l t u r e  system 
may cause animals t o  concentrate a t  one end o f  the  culture cage, rather than 
maintaining a dis tance  from each other .  Vert ica l  movement o f  the  culture 
system can be reduced by se lec t ing  a shel tered growout area and/or using a 
submerged f l o a t  1 ine system (Sect ion 7 . 2 ) .  

7 . 4 . 5  Food S u p p l r  

An adequate food supply i s  dependent on t h e  product iv i ty  of  the  
water in t h e  general area and a l s o  t h e  d e p t h  a t  which t h e  scal lops  a r e  held. 
Phytoplankton blooms occur i n  nut r i en t  r i ch  waters. Surface waters usually 
have higher concentrat ions o f  phytoplankton b u t  i t  may be equal ly  ava i l ab le  in 
deeper waters i n  areas where ver t i ca l  m i x i n g  occurs. 

An simple method t o  t e s t  t h e  productivi ty o f  a s i t e  i s  t o  measure 
growth and s u r v i v a l  o f  a small number o f  animals and compare the  results  t o  
s imi la r  t r i a l s  in other a reas .  



7.4.6  Foulinq 

Foul i  ng i s  caused by settlement and growth of several organisms, 
e . g . macroal gae ,  bryozoans, seasqui rt s , barnacl es, and mussel s . Heavy 
foul i ng o f  cu l tu re  nets and scal  1 ops impedes growth o f  the  animal s,  decreases 
the  l i f e  o f  the gear and makes growout l a b o u r  intensive (Figure 51). 

Fouling can be reduced by suspending the  cu l tu re  system a t  deeper 
depths since most foul i ng usual ly occurs i n  shallow waters ,  Foul i ng i s  more 
p r e v a l e n t  dur ing c e r t a i n  seasons and can be reduced -if t h e  culture system i s  
managed properly. For example, i n  t h e  southern Strait o f  Georgia ,  barnacle 
larvae set  between mid-March and mid-April, usually a t  depths of  l e s s  than 10 
m (Quayle E988a), Culture gear can be dropped t o  depths g r e a t e r  than 10 rn 
d u r i n g  t h i s  time and then returned t o  t h e i r  former depth once t h e  se t  i s  over. 

Areas w i t h  heavy f o u l i n g  a t  a71 depths shauld be avoided if 
p o s s i b l e .  

7 . 4 . 7  Disease 

Limited i n f o r m a t i o n  i s  avai lable  on she l l f i sh  diseases i n  B r i t i s h  
Columbia. To date ,  a protozoan parasite t h a t  may be pathogenic t o  scal lops  
has been found i n  on1 y one area,  Booker Lagoon near A1 er t  Bay. Mortal i  t i  es 
caused by infestations o f  a polychaete worm, Pol vdora s p .  have been recorded 
i n  t h e  Gulf Islands area. Another disease has been recorded i n  scallops f rom 
the  northern p a r t  of t h e  S t r a i t  o f  Georgia. Also, o ther  localized areas 
throughout B r i t i s h  Columbia a r e  known t o  have a prevalence o f  organisms 
pathogenic  t o  molluscan she l l f i sh .  Before select ing a s i t e ,  the s h e l l f i s h  
disease h i  s t o r y  o f  t h e  a rea  should be investigated since massive mortal i t i e s  
could be a local  concern. 

7.4.8 Bottom 

Bottom type i s  impor tan t  when bottom cu l tu re  i s  practised and a l s o  
can affect  t h e  stability of anchorage systems f o r  suspended cu l tu re .  

Sof t  sediments, combined with turbulent waters, can cause t u r b i d  
water c o n d i t i o n s .  Nortalities o f  scallops i n  bottom or  suspended culture can 
resul t  from heavy s i l t a t i o n  (Vent i l la  1982). 

Moorings must be strong and well anchored i n  the bottom t o  reduce 
s h i f t i n g  of t h e  suspended culture systems. Bottom character i  s t i  cs shou ld  be 
inves t igated t o  ensure s a f e  moorage. 

7.4.9 Accessib i l i ty  and Securi ty 

Scal 1 op cul t ure sys terns should be read i 1 y access i b l  e year- round 
s ince  they must be checked rout inely .  

Vandalism may be a high or  l o w  r i s k  problem, depend ing  on the  



Figure 51. Three examples o f  heavily f o u l e d  scallop c u l t u r e  ne t s .  





area. Ideally, a s i t e  should be i n  an area where i t  can be checked regul arly 
b u t  not  w i t h  ready access to  o u t s i d e r s .  

7.5 The B r i t i s h  Columbia Experience 

Growaut studies have been undertaken with Japanese and rock 
scallops in B r i t i s h  Columbia waters. Japanese scallops were cultured a t  $ 
locations (Bourne e t  a l  . i n  prep), Animals were held i n  hanging culture n e t s  
a t  3 depths,  5 ,  10, and 15 rn suspended from f l o a t i n g  long-l ines or r a f t s .  A t  
5 o f  t h e  s i t e s ,  scallops were reared to 10 crn shell height w i t h i n  2 years 
(Figure 5 2 ) .  M o r t a l i t i e s  ranged from 5 t o  100 %, depending on t h e  l o c a t i o n .  
Some mortality i s  bel ieved t o  have been due t o  excessive vertical movement 
si nce they were suspended f r o m  surface 1 ong-1 ines .  

Growth o f  rock scallops was i n v e s t i g a t e d  i n  Departure Bay. 
Scallops were held in pearl nets, glued t o  plexiglass plates ,  or ear-hung and 
suspended a t  5 ,  10, and 15 m. Preliminary analysis o f  t h e  da ta  suggest t h a t  
growth t o  commercial size  (8-30 cm shell height) occurred i n  three years, and 
survival was over 50% (Figure 5 2 ) .  









8.  CONCLUSIONS 

The Scallop Cultwre Program has shown that  i t  i s  possible t o  
culture Japanese scallops to commercial s i z e  w i t h i n  two  years i n  B r i t i s h  
Col umbi a.  Japanese scal 1 ops undergo gametogenes i s i n  Br i t i  sh Col umbi a coast a1 
waters and hence t h e  industry can be self-reliant for broodstock o f  t h i s  
species, 

Rock scallops can be grown to commercial size in three to four 
years, but  t h i s  time might be decreased w i t h  better scheduling of breeding 
time i n  hatcheries. 

Interest i n  scallop cu l tu re  continues t o  grow i n  B r i t i s h  Columbia 
and an industry could develop i n  t h e  future.  The first requisite for the 
industry w i l l  be an abundant and reliable supply o f  j u v e n i l e s .  One company i s  
planning to construct  a hatchery and nursery t o  supply t h e  industry w i t h  
j u v e n i l e  scallops. U l t i m a t e  s i r e  o f  a scallop culture industry i s  unknown, 
but i t  would appear tha t  a substantial industry could become established. 

Th is  manual has been written to a s s i s t  i n  t he  development o f  a 
scallop culture industry i n  B r i t i s h  Columbia. A s  t h e  industry develops, 
further research and development will be required to make operations more 
efficient. New knowledge obtained from t h i s  work will form t h e  basis for 
updates or revisions o f  t h i s  manual. 
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GLOSSARY 

Adductor muscle 

Algae 

Anterior 

Auricle 

Axeni c 

Biting 

Bivalve 

Byssus 

C i l i a  

Ctendia 

Cul t ch  

Demi branch 

Detritus 

Diatom 

Diseci ous 

O i  pl o i  d 

Dorsal 

large muscle near centre of scallop t h a t  pulls the two 
va lves  together 

aqua t i c  plants t h a t  reproduce by spares 

f r o n t  or head 

with respect to scallops, t h e  ear or wing-like 
projections at the hinge o f  a scal lop (can also  refer 
to t h e  chamber o f  heart tha t  receives blood from t h e  
body S 
culture o f  a sing1 e species i n  bacteria-free 
c o n d i t i o n s  

condition where shell margins of two scallops become 
j nterl ocked, and subsequent1 y damage t h e  inner s o f t  
parts 

mollusc o f  the Class Pelecypoda, having a shell of t w o  
valves tha t  are j o i n e d  by a hinge 

thread-1 i ke filament used by bivalves to a t t a c h  
themselves to a subst ra te  

a h a j r  like structure whose rhythmic beat  produces 
water current i n  bivalves 

a l e a f - l i k e  appendage t h a t  functions in respiration 
and f i l t r a t i o n  o f  food from water (used 
interchangeably wi th  t h e  term g i l l s )  

material used to collect b i v a l v e  spat 

single p l a t e  or leaf o f  a b i v a l v e  gill 

fragmented or decomposing organic m a t e r i a l  from p l a n t  
and a n i m a l  remains 

a s i n g l e  celled algae o f  t h e  Class Bacillariophyceae; 
ce l ls  are enclosed i n  a s i l i ceous  shell  called a 
f r u s t u l e ,  c e l l s  can form cha ins  

organ i sms i n  whi ch ma1 e and f emal es reproduct i ve 
organs occur in d i f f e r e n t  individuals 

t h e  normal number of chromosomes (2n) i n  cells 

the back or part of an organism away from t h e  ground 



Embryo 

Exhal ant  

Exotic 

Eyes pot  

Ferti  1 izat ion 

FSW 

F l  agel 1 ate 

Frustul e 

Gamete 

Gametogenesis 

Gill 

Hal ocl i ne 

Hinge 

Indi genous 

Inhalant 

Larva 

L i  gament 

Mantle 

Mean 

Meiot ic D i v i s i o n  

Metarnorphos i s 

organism i n  early stages of development; i n  bivalves,  
p r i o r  t o  larval stage 

area o f  bivalve where water currents have an outward 
direction 

introduced f rom foreign count ry  or geographic area 

simple organ t h a t  develops near centre o f  mature 
larvae o f  some b i v a l v e s  and i s  s e n s i t i v e  t o  light 

union o f  egg and sperm 

filtered sea water I 
group o f  sing1 e-cel led algae characterized by hav j  ng a 
1 ocomotory organ call ed a fl agel 1 um 

siliceous shell-like cover ing o f  a diatom 

mature, haploid,  functional sex cell capable of 
un i t i ng  with  the alternate sex cell to f o r m  a zygote 

process by which eggs and sperm are produced 1 
a l e a f - l i k e  appendage t h a t  functions i n  resp i ra t ion  
and filtration o f  food from water (see c tendia )  

the area of sharp v e r t i  cal sal i n i  ty change 

dorsal area o f  bivalve shell where two valves are 
j o i n e d  together  

n a t i v e ,  not imported I 
area o f  b i v a l v e  where water current have an inward 
direction 

a stage o f  bivalves from the embryo t o  metamorphosis 

f i b r o u s  spring-like material j o in ing  t w o  valves o f  a 
bivalve a t  t h e  hinge 

t h e  s o f t  fold enclosing the body o f  a bivalve which 
secretes t h e  shell 

average 

process i n  which normal number o f  chromosomes (2n) i s  
reduced t o  t h e  haploid {n)  number 

i n  b i v a l v e s ,  t h e  p e r i o d  o f  t r a n s f o r m a t i  on f rom the 
larval t o  t h e  juvenile stage 



Mi crometer (urn) 

Natural Set 

Pallial Line 

Pal  p 

Pedal 

pH 

P I  an ktan 

P l  anktotrophi c 

P o l  ar Body 

Polyploid 

Poster i or 

Pronuclei 

Pseudo faeces 

Seed 

Settl ement 

Shell  Height 

one m i l l i o n t h  of a meter o r  one thousandth o f  a mm 

i n  b i v a l v e s ,  obtaining spat  from spawning o f  n a t u r a l  
popul a t  i ons 

f a i n t  circular l i n e  on i n n e r  surface o f  shell o f  
b i va l ves  showing 1 oca t i on  o f  attachment o f  mant le  t o  
she? J 

a sensory appendage near t h e  mouth used t o  a s s i s t  i n  
moving food i n t o  t h e  mouth 

p e r t a i n i n g  t o  t he  f o o t  

a measure o f  a c i d i t y  

floating o r  weakly swimming aqua t i c  organisms, can be 
phytopl  ank ton  ( p l a n t s )  or zoop lank ton  (animal s )  

organisms t h a t  feed on phytoplankton 

minute  c e l l s  released d u r i n g  m e i o t i c  d i v i s i o n  o f  t h e  
egg af te r  t h e  sperm has penetrated t he  egg; conta ins  
excess chromosomal material t o  produce a h a p l o i d  egg 

animals having more than t h e  usual number of d i p l o i d  
(2n)  chromosomes 

t he  rear, away from the head 

i n  the egg, the  haplo id  nucleus a f t e r  c o m p l e t i o n  o f  
m e i o s i s  but b e f o r e  i n f u s i o n  w i t h  t h e  sperm nucleus 

f a l s e  faeces, waste ma te r i a l  not taken i n t o  the 
d i g e s t i v e  t r a c t  

i n t e r n a l  p o r t i o n  o f  t h e  1 igament located c e n t r a l  l y  
along t h e  h inge o f  a b i v a l v e ;  causes t h e  v a l v e s  t o  
open when t h e  adductor relaxes 

t h e  salt  content o f  sea w a t e r  u s u a l l y  measured i n  
parts per thousand (ppt)  

a young s c a l l o p  w i t h  no s p e c i f i c  d e f i n i t i o n  t o  s i z e  

b e h a v i o u r i a l  process when mature b i v a l v e  larvae seek a 
s u i t a b l e  subst ra te  f o r  attachment 

i n  scal lops ,  t h e  s t r a i g h t  1 i n e  d is tance measured 
perpend icu la r l y  f r o m  the umbo t o  the  ventral  margin of 
the shell 



She1 1 Length 

Spat 

Strai ght -  hinge Larva 

Tentacl e 

Thermocl i ne 

Trochophore 

Umbo 

Urogenital System 

Valve 

Vel i ger Larva 

Ventral 

Zygote 

in scallops, the straight line distance from t h e  
anterior to the posterior margins o f  the  shell 

a newly settled or at tached scal lop (also termed post- 
1 arval scal 1 op) 

early p a r t  o f  larval stage, sometimes termed D-stage 

1 ong , unsegmented thread1 i ke protuberance from edge o f  
mantle t h a t  has special ized sensory function ' 

t h e  area o f  sharp vertical temperature change 

planktonic stage o f  b i v a l v e  embryo 

beak-1 i ke projections a t  the dorsal part  o f  t h e  shell ; 
i t  is the oldest p a r t  o f  a b i v a l v e  shell - 

system w i  t h  organs concerned w i t h  excret i  on (kidney) 
and reproduction (gonad) 

one o f  t h e  t w o  p a r t s  o f  a bivalve s h e l l ,  two va lves  
make up one she1 1 

the larval stage of most  molluscs, characterized by 
the presence o f  a velum 

ciliated locomotory organ o f  the molluscan veliger 
1 arva 

pertaining to the under or lower side o f  an animal 

d i p l o i d  cell resulting from union of male and female 
gametes 



Appendix 1 ,  L i s t  o f  suppliers. 

Much o f  the materials and equipment required for  the operation o f  
a s c a l l o p  htchery can be obtained through local hardware or utility supply 
outlets. Other more technical or s p e c i a l i z e d  equipment can be obtained from 
scientific supply houses, such a s  Western S c i e n t i f i c ,  Cole-Parmer, and C a n l a b .  

Western Scientific Services L t d .  
11620 Horseshoe Way 
Richmond B.C. V7d 4V5 
(604) 274-4111 

F i s h e r  Scientific Company 
196 W Third Avenue 
Vancouver, B . C .  VSY 1E9 
(604) 872-7641 

Col e -  Parrner 
7425 Nor th  Park Avenue 
Chicago Illinois 60648 
U.S .A .  
1-800-323-4340 

Sigma Chemical Company 
P.O. Box 14508 
St. Louis, Missouri 63178 
U . S . A .  
1-800-325-3010 

BDH Incorporated 
60 East  4 t h  Avenue 
Vancouver, B.C. V5T PE8 
1-800-663-3404 

Can1 ab 
7080 R i v e r  Road #I31 
Richmond, B.C. V6X 1x5 
1-800-663-1891 

However, t h e r e  are a few items t h a t  can be o b t a i n e d  f rom only a 
few suppl  iers.  These are 1 i sted be1 ow. 

Coulter Electronics o f  Canada Ltd, 
#6-8145-130 Street  
Surrey, B.C.  V3W 7x4 
(604) 590-1511 



Appendix 1 ,  (cont'd.). 

Suppl i er for coul ter counter. Sometimes , a used model can be 
obtained. 

Peacock Incorporated 
2325 Burrard Street 
Vancouver, R.C, V9J 352 
(604) 731-3285 

Supplier f o r  bag f i l ters ,  cartridge f i l t e r s ,  and filter housings.  

8 and SH Thompson 
8148 Devonshire Road 
Mount Royal, Quebec H4P 2K3 

Supplier for n i t e x  screen. 
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Appendix 2. Calibrating an ocular micrometer 

An ocular micrometer i s  a glass disc  wi th  a small grid or series 
o f  d iv is ions designed t o  fit i n t o  an eyepiece o f  a microscope. When viewing 
through the eyepiece, the g r i d  or scale i s  v i s i b l e  i n  the  same plan  o f  focus 
as t h e  specimens being observed under t h e  microscope. The scale can be used 
t o  measure t h e  s i ze  o f  a specimen but f i r s t  the scale m u s t  be measured i t s e l f .  

A stage micrometer can be used t o  calibrate the ocular micrometer. 
The sl ide usually has a small measure, about 2 mm t h a t  i s  divided into smaller 
units. To calibrate the ocular  micrometer, view t he  micrometer s l i d e  and 
determine the  distance between each d i v i s i o n  on the  ocular microm~ter. 

I f  a stage micrometer i s  unavai lable,  a rough estimate can be 
obtained u s i n g  a small  clear p l a s t i c  15 cm r u l e r .  



Appendix 3 .  Operation of the saltwater pasteurizer ins ta l l ed  a t  the  P a c i f i c  
Biological Station. 

A 7 1  saltwater entering t h e  pasteurizer must be c h a r c o a l - f i l t e r e d  
and f i l t e r e d  t o  1 urn. When not in use, a slow f low o f  FSW ( 2 - 3  1Jmin) i s  
passed through t h e  bypass l i n e ,  through t h e  water heater, and through the 
coiled line inside the heat exchanger t o  avoid s t a g n a t i o n  and anoxia. The 
outer j acke t  o f  the heat exchanger i s  drained dry. When n o t  in operation, 
v a l v e s  A ,  C, E, F,  and G are open and valves B and D are closed. 

To operate the pasteurizer, turn on t h e  power supply to the water 
heater .  Turn o f f  water f l o w  i n t o  t h e  heater by c l o s i n g  valve  A .  Leave for 
20-30 minutes t o  allow the water t o  heat  t o  75-80°C. Resume s l o w  f l o w  o f  
water through the heater by opening valve A .  

All l ines leading from t h e  water heater  must be sterilized before 
use by passing hot FSW (greater than 70°C)  through them f o r  a t  least 5-10 
minutes.  Valves A,  C ,  E, F, and G are open and valves 0 and D are closed 
during t h i s  procedure. 

Once a l l  lines have been sterilized, fill t h e  outer j acke t  o f  t h e  
heat exchanger w i t h  FSW by closing valve C and E and opening v a l v e  B. Water 
w i  11 pass through overflow v a l v e  F when t h e  j a c k e t  i s  ful l  . Open valve D t o  
allow FSW to pass through the outer jacket o f  the heat exchanger and then i n t o  
t h e  water heater. Flow r a t e  through the pasteurizer should be regulated t o  
ensure o u t f l o w  temperature i s  about 20°C. Flow can be regulated by slightly 
c l o s i n g  v a l v e  F and v a l v e  6 .  

After use, turn o f f  power supply t o  the water heater, reduce water 
flow t o  2 - 3  l / m i n ,  drain heat exchanger, open valves A,  C ,  E ,  F ,  and G and 
close v a l v e s  B and D m  








