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EFFECT OF ALGAL RATION ON FEEDING AND GROWTH OF JUVENILE MANILA CLAM 
TAPES PHILIPPINARUM  (ADAMS AND REEVE)

PETER COUTTEAU, KAREN CURÉ, AND PATRICK SORGELOOS 
Laboratory o f Aquaculture & Artemia Reference Center 
University o f Ghent 
Rozier 44
B-9000 Gent, Belgium

ABSTRACT  Juvenile Tapes philippinarum (Adams and Reeve) were reared for three weeks on different rations of Chaetoceros 
neogracile which were either centrifuged and stored or fed together with the culture medium. Algal rations were adjusted daily in order 
to feed constant weight-specific daily rations. Growth of T. philippinarum fed the concentrate of C. neogracile was maximal at a daily 
ration of 1% (algal dry weight per clam live weight). T. philippinarum fed single or mixed diets of C. neogracile and Isochrysis sp.
(clone T-Iso) directly from the algal cultures, maximized growth at a ration of 1.3% d a y " ’. Higher growth rates and gross growth 
efficiencies were obtained with C. neogracile fed together with the culture medium. A set of grazing experiments showed that the 
incipient limiting concentration was about 26 C. neogracile cells fxl- '.  Measurements of cell concentration during the growth tests 
demonstrated a discontinuous feeding activity in the treatments receiving the optimal ration for maximum growth.
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INTRODUCTION

Earlier work exam ining the effect o f  various culture conditions 
on the grow th o f  bivalve juveniles revealed that the am ount o f  food 
available per spat was far m ore im portant than any o th er factor 
explored (W alne and Spencer 1974). V arious m ethods have been 
used to describe food ration for bivalves. T o  m ain tain  the link o f  
ration w ith the  concentration a t w hich the food is p resen ted , som e 
authors refer to the cell density  upon batch feeding a constant 
am ount o f  food , independent o f  the size o f  the seed (Langton  and 
M cKay 1976, H ollett and Dabinett 1989). This m ethod com pli­
cates com parisons betw een experim ents which differ in density  
and size o f  the seed. For this reason, food rations are preferentially  
expressed as daily  weight-specific rations, such as num ber o f  cells 
(Pruder et al. 1976) o r percent dry weight (%  D W , U rban et al. 
1983) o f  algae p e r live weight (W W ) o f  bivalves.

Em pirical studies o f  the relationship betw een ration  size and 
grow th o f  bivalves weighing less than I g  are  very scarce, a l­
though the early juvenile stages are the largest consum ers o f  in­
tensively cultured m icro-algae in m ost com m ercial hatchery  oper­
ations (M anzi and Castagna 1989, Helm 1990). Ease o f  handling 
has prom pted m ost researchers to use larger juven iles fo r nutri­
tional studies and , m oreover, empirical w ork has been m ainly 
restricted to  oysters. Several equations have been  described relat­
ing ration size o f  Crassostrea virginica  to oyster w eight (P ruder et 
al. 1976, 1977, Epifanio and E w an  1977, E pifanio 1979). H ow ­
ever, these form ulas are derived from  m easurem ents o f  m axim um  
filtration rates fo r oysters m ainly in the size range o f  10-1 0 0  g and 
p red ic t unreasonab ly  high w eight-specific  rations fo r  oysters 
w eighing less than 10 m g. By contrast, U rban et al. (1983) con­
cluded that the ration for m axim um  grow th o f  the A m erican oyster 
in the size range o f  11 to 64 m g was probably greater than that 
predicted by the equations o f  P ruder and co-w orkers.

T he  optim al ration depends upon the species and culture  con­
ditions o f  algae m aking up the d iet. Enright e t  a l. (1986a) evalu­
ated the nutritional value o f  16 phytoplankton species fed individ­
ually to O strea edulis  (5 -2 5  mg initial live weight) at rations 
ranging from  0.1 to 6 .0%  o f  the oyster live w eight and found that 
optim al algal rations for growth differed according to the algal 
species. In  the sam e w ay, Epifanio and Ew art (1977) dem onstrated

that maxim um  daily rations rem oved from  suspension  by  C . vir­
ginica  (15 g  live w eight) varied from  0 .4 %  for Thalassiosira  
pseudonana  and Carteria chuii to  1.5%  for iso ch rysis  galbana. 
G row th o f  O . edulis  juveniles fed nutrient-lim ited cu ltures o f  C ha­
etoceros gracilis was saturated at a ration o f  ± 2 .5 %  D W  W W " 1 
d a y ” 1, whereas that o f  oysters fed algae grow n in a com plete 
m edium  showed a  m axim um  betw een 2 .5  and 4 .9 %  (E nrigh t e t al. 
1986b). Because optim al rations for m axim um  bivalve g row th  will 
vary according to the culture conditions, they  m ust be determ ined 
through empirical growth studies which integrate cu lture condi­
tions with the physiological, as well as nutritional requirem ents o f 
the bivalves for m axim um  growth (Urban et a l. 1983). T he  ex ­
perim ental data reported by Urban and P ruder (1992) show ed a 
linear growth response in M ercenaria m ercenaria  ju v en iles  (initial 
W W  25 m g) to  increased ration from  0  to  1%. T he la tter authors 
did not provide the actual daily  rations, w h ich  shou ld  have been 
low er because rations w ere adjusted only on  a  w eekly basis. The 
optim al daily ration for grow th o f  M . m ercenaria  seed (in the  size 
range o f  0 .4  to 7  m g live weight) fed a m ixture o f  C . g rac ilis  and 
Isochrysis sp. (clone T-Iso) was found to be 1.5 to  2%  DW  
W W ” 1 (Coutteau e t a l. 1994).

In the present study, the quantitative food requirem ents for 
growth o f sm all juvenile  Tapes philippinarum  w ere  determ ined  in 
small-scale experim ents. Grazing tests w ere perform ed to  deter­
m ine the critical concentrations for filter-feeding in  juven ile  M a­
nila clam s. Grow th data were com piled from  seven independent 
experim ents. Grow th and feeding rate o f  c lam s fed C . neogracile  
e ither after centrifugation and storage o r together w ith the culture 
m edium  was com pared. Finally, prelim inary tests w ere run  to 
com pare tw o algal species’ optim al algal rations fo r  grow th.

MATERIALS AND METHODS 

Origin and Acclimatization o f  the Animals

Juvenile M anila clam s T. philippinarum  (A dam s and Reeve) 
were obtained from  com m ercial hatcheries (see T able  I ) .  T h e  spat 
were transported in a refrigerated styrofoam  box from  the hatchery 
to the lab. Upon arrival they w ere acclim ated  gradually  to  the 
experim ental tem perature (tem perature increase ra te  < 0 .2 5 °C
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TABLE 1.

Overview of the size and origin of the juvenile T. philippinarum  
used for the various experiments.

Experiment
Initial M ean Unit 

Weight (mg) Origin* Arrival Date

1 5.13 SSW 25/11/89
2 5.65 SSW 26/01/90
3 5.63 GSF 12/03/90
4 1.31 GSF 18/04/90
5 1.35 TM 10/09/90
6 1.32 TM 12/10/90
7 4.91 TM 30/11/90

* SSW: Seasalter Shellfish WhUstabie Ltd., UK; GSF: Guernsey Sea 
Faims Ltd., UK; Tinamenor S.A., Spain.

h - 1 ) and fed C haetoceros neogracile  (V anland. 1968) a d  libitum  
for three to seven days prio r to the  start o f  the experim ent. This 
species has been referred to  previously, and incorrectly , by  m any 
authors as either C . gracile  o r C . gracilis (V anLandingham  1968).

Culture Systems and Conditions

T he experim ents w ere perform ed in a recirculating system  con* 
sisting o f  a  350 p.m m esh silo which w as subm erged partially  in a 
five liter aquarium . A n a ir  water lift m aintained a  flow  o f  about 
300 ml min “ 1 through the silo , which was stocked at the start o f  
the experim ent with 0 .5  g  o f  spat. A n additional aeration point in 
the aquarium  m inim ized settling o f  the food. The system s were 
c leaned and the seaw ater w as renew ed three tim es each  w eek. The 
seaw ater was filtered through a 1 p.m bag and run through UV 
p r io r to u se . Cultures w ere kept in a  therm ostatic bath  a t 2 1 ±  1°C.

Feeding

C . neogracile, w hich has proven to  be am ong the best algal 
diets for O . edulis  juven iles (Enright e t a l. 1986a) and is used 
extensively in  several com m ercial bivalve hatchery and nursery 
operations (Coutteau and Sorgeloos 1992), was selected as the 
algal control d iet. The seed was fed a  w eight-specific daily  ration 
which was divided betw een tw o feedings p e r  day. R ations were 
adjusted daily  for grow th o f  the spat to feed  approxim ately  con­
stant weight-specific daily  rations throughout the experim ent (Ur­
ban e t a l. 1983). The daily  ration, calculated as %  dry weight 
(DW ) o f food per w et w eight (W W ) o f  c lam s, w as thus approxi­
m ated each day by adjusting the am ount o f  food  as a function o f 
an assum ed grow th rate  by  means o f  the form ula:

[DW  food day n] =  [DW  food day 1] x  (1 +  D G R /100)"“ 1

where n  =  day o f  the w eek (1 to  7 ), D G R  =  daily  grow th rate (% 
day “  *) m easured during the previous w eek o r assum ed to be  10% 
d ay “ 1 fo r the first w eek, D W  food day 1 =  initial W W  x  weight- 
specific daily  ration (% D W  W W “ 1 d a y “ 1) x  1/100.

In experim ent f ive , one treatm ent was fed  “ on  d em and”  twice 
daily , i.e . the  objective w as to  keep the C . neogracile  concentra­
tion above 20 p.1“ 1 throughout the experim ent.

Calculation o f  the daily  rations w as based  on  dry w eight anal­
ysis o f  the algal food species used. A lgal dry  w eights w ere deter­
m ined by filtering algae from  various volum es o f  suspension o f 
know n concentration. A lgae were retained on tared , glass-fiber 
filters (1 p.m pore size) w hich w ere subsequently  w ashed with a

solution o f  am m onium  form ate (0 .5  M ) to  rem ove salts . F ilters 
w ere  then dried a t 100°C for 4  h  to volatilize th e .am m o n iu m  
form ate, and weighed on  an analytical balance (m odified  from  
Epifanio and Ew art 1977). The sam e procedure was follow ed with 
control filters on  w hich an equal am ount o f  seaw ater w as filtered. 
C ellu lar d ry  weight was determ ined from  regression  analysis o f  
DW  retained on  the filter versus  num ber o f  algal c ells  f iltered . D ry  
w eights w ere 2 3 .8  ±  3 .8  and 14.1 ±  0 .8  pg  c e ll“ 1 fo r C . 
neogracile  and Isochrysis  s p . , clone T -Iso , respectively  (m ean and 
standard deviation from  analysis o f  five cultures).

A lgae w ere grow n sem i-continuously in 20  1 carboys using 
W alne m edium . O nly  algal cells in the  logarithm ic phase o f  
grow th w ere used in the feeding experim ents. In  the experim ents 
one to  five, algae w ere separated from  the  culture m edium  by 
centrifugation and stored prior to use (W inter and LangtQn 1976). 
The algal pellet was resuspended and d ilu ted  in filtered seaw ater to 
obtain a  Chaetoceros concentrate o f  20  • IO6 cells m l“ 1 using a 
haem ocytom eter o r C oulter counter, m odel Z f, and stored in  total 
darkness at 4°C for m axim al three days. In  experim ents five to 
seven , algal suspensions w ere drained  from  the  cu ltu res and 
counted im m ediately prior to each feeding.

Clearance and Intake Rate as a Function o f  Food Concentration

During tw o short term  grazing experim ents, clearance rates 
were recorded for T . philippinarum  (20 m g m ean W W ) at various 
concentrations o f  C . neogracile. T he anim als w ere derived  from  a 
population which was fed C . neogracile and  transferred  to  5 1 
culture system s w hich w ere placed in a  therm ostatically-controlled 
w ater bath a t 21 ±  1°C. In order to  achieve 10 to  20%  decreases 
o f  cell concentration over a  2 h  period , stocking density  w as varied 
betw een 0 .3  and 0 .7  g live weight per 51 system , depending  on  the 
food concentration tested. T he seed was acclim ated  to  the food 
concentration for 1 h  prio r to  the experim ent (Sprung and Rose 
1988). A lgal concentration was m onitored w ith a  C ou lte r counter 
(m odel Zf) during tw o consecutive periods o f  2  h . A  contro l ex ­
perim ent w ith no anim als present w as run in duplicate  for all 
concentrations tested.

W eight-specific clearance rate (CR) was calcu lated  using the 
equation (Coughlan 1969):

CR
V

: W W  t
1 Co
V In*

[m/ g “ 1* “

where W W  — total clam  live w eight (g), V  — volum e o f  the  food 
suspension (m l), C0, C0' =  in itial, and C„ C /  — final concen­
tration o f, respectively, the experim ental and the contro l aquar­
ium , and t  — elapsed tim e (h).

T he rate at which cells are  rem oved from  suspension , to  be 
referred to as intake rate (ir) since pseudofaeces production  was 
not quantified (Foster-Sm ith 1975), was com puted  as:

ir =  Cm x  CR [cells g “ 1 h - 1 ]

w here Cm «  (C, +  C0)/2  the m ean concentration (cells m l“ 1) 
encountered by the anim als during the m easurem ent o f  the c lear­
ance rate. C learance and intake rates w ere g raphically  p resented  ás 
a function o f C„.

Average Intake Rate During a  Growth Test

During the experim ents evaluating the effect o f  C . neogracile  
ration on grow th, food concentration was m easured e ither at short
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tim e intervals o f  2  to 6  h  (experim ent 1) or before and a fter each 
feeding (experim ent 5 ). T he observed decreases in cell concentra­
tion could  be rela ted  to  the  to ta l live w eight present in the  culture 
system  by calculating  an  average w eight-specific intake rate  (ir) 
over the e lapsed tim e in terval (/) by m eans o f  the formula:

■ -  V  ( C o  ~  Cr)
W W ,!  [cells g - ’ h - ' i

where V  — volum e o f  the food suspension; C0 and C , — initial and 
final, i.e . a fter tim e t  (h), concentration; W W „ =  total c lam  live 
w eight (g) present a t the m om ent o f  the m easurem ent, estim ated 
from  the daily  grow th  ra te  (D G R ) and the initial live w eight 
(W W „  day 1) from:

W W „ =  W W , (1 +  D G R /100)"-1

T h e  in take rates w ere n o t corrected for algal grow th during the 
experim ent, s ince the la tter w as found to be fluctuating in tim e, 
but negligible com pared  to  the  am ount o f  cells rem oved by  the 
clam s.

Growth Parameters Followed

A nim als w ere selected initially  from  a  single population o f 
juveniles and d iv ided  random ly in groups o f  equal w eight, which 
w ere distributed  am ong the culture system s. Initial param eters 
(shell length and  individual live w eight) were m easured on three 
subsam ples.

At 7-day in tervals, the seed was rem oved from  the respective 
silos and the total live  w eight determ ined. Enough clam s were 
rem oved to  return the w eight to  the initial value, and individual 
live and d ry  w eigh t w ere  determ ined on the culled anim als.

The total live  w eight p e r silo  was determ ined by collecting the 
clam s o n  a  m esh , w hich  w as b lo tted  d ry o n  paper tow el. T o  avoid 
differences in w ater con ten t betw een sam ples due to air-drying, 
the total biom ass w as then  im m ediately w eighed and reduced to 
the initial w eight p rio r  to  return ing  to the culture system s. The 
culled anim als from  each  silo  w ere weighed and counted for the 
determ ination o f  the individual live weight. The seed samples 
w ere transferred  subsequently  to  Teflon pots, previously dried in 
an oven  at 60°C fo r 4  h , and w eighed. The pots were returned to 
the oven  fo r 24  h  at 60°C  and then  w eighed to g ive the dry weight. 
L ive w eight (W W ) o f  T. philippinarum  showed a h igh correlation 
w ith dry  w eight (D W ):

D W  «  0.571 W W  +  0.431 (r2 >  0.99)

A constant rela tionship  betw een  live and dry weight was also 
reported by  U rban and L angdon (1984) for C . virginica  and dem ­
onstrated th a t th e  dry ing  procedure used  for determ ining the  live 
w eight resu lted  in a  constant w ater content.

D aily  grow th ra te  w as calcu lated  from  the weekly increase o f 
total w et w eight p e r  s ilo  (D G R ) using the equation:

where W W 0 and W W „ a re  the live w eight, respectively, at the 
start and afte r n  days. Shell length was m easured on  30 clam s per 
silo using a  d issecting  m icroscope equipped with a calibrated oc­
ular. L ive w eigh t (W W , in the range 0 .2 -3 2  mg) increased with

increasing shell length (L , in  the range 2 -5 .5  m m ) according to  the 
equation:

W W  =  0 .463  L2-477 (r2 =  0 .98)

Expérimentai Design

Seven culture tests w ere perform ed w ith C . neogracile fed 
either from  a  concentrated stock suspension (experim ents 1 -5 ) or 
directly  from  the  algal culture (experim ents 5 -7 ) .  Experim ents one 
and five w ere run specifically  fo r  the study o f  algal ration , w ith the 
latter tes t com paring  feeding and  grow th on  both  types o f C . 
neogracile. F o r the o ther experim ents, w hich  w ere part o f  a  study 
evaluating a lgal substitu tion  by a  m anipulated y east d ie t (Coutteau 
1992), only grow th da ta  from  the algal control treatm ent w ere used 
in the present study. In  addition , three prelim inary experim ents 
w ere perform ed to  evaluate the effect o f  ration  on  grow th o f  T. 
philipp inarum  fed single and m ixed d iets o f  C . neogracile  and 
Isochrysis  sp . (clone T -Iso ), both fed directly  from  the algal cul­
tures.

Data Treatment and Statistical Analysis

D aily grow th  rates w ere  used to  com pare the effect o f the diets 
on  juven ile  grow th because this allow ed com parisons betw een 
experim ents th at differed  in  initial live w eights o f  the  seed.

Statistical analysis o f  the grow th d ata  included analysis o f  vari­
ance and T ukey H SD  m ultiple range tests. T he hom ogeneity o f  the 
variances o f  m eans fo r each  experim ent w as checked by  C ochran’s 
C -test and H artley’s test. B ecause o f  the lim ited num ber o f  repli­
cates, norm ality  w as tested on the deviations Yi} — Yt, w hich were 
com puted separately for each treatm ent and pooled p e r experi­
m ent, by  m eans o f  the K olm ogorov-Sm im ov test. D epartures from  
the assum ptions o f  analysis o f  variance could be rectified in m ost 
cases b y  logarithm ic transform ation o f the data. Inherently  hetero- 
scedastic da ta  (C ochran’s C-test o r  H artley’s test, P <  0 .0 5 , even 
after transform ation) w ere indicated in  the  tables o f  the  results with 
“ H .D .”  and w ere analyzed using an approxim ate test o f  equality 
o f  m eans assum ing heterogeneity  o f  variances (M C H E T V ) or, 
when only tw o m eans w ere to  be tested, an approxim ate /-test 
(Sokal and R o h lf  1981).

RESULTS

Effect o f  Ration Size on Growth o f  T. philippinarum Fed  C . neogracile

C lam  grow th increased  w ith increasing daily  ration  u p  to  a 
ration o f  1%  o f  live w eight (Table 2 ). Further increase o f  the ration 
to 1.5%  d id  not resu lt in a  significant difference in grow th o r  final 
size o f  the c lam s. T he feeding regim e was adapted daily  to  the 
growth o f  the clam s in the various treatm ents based on an assum ed 
daily grow th rate  fo r  each  week o f  the experim ent. The actual 
rations, com puted  from  the feeding regim e and the observed 
grow th rates, deviated  from  the initial ration in the course o f  each 
week depending o n  the accuracy o f  the assum ed growth rate  (Fig. 
1). T o  obtain  a  be tte r estim ate o f the  effective weight-specific 
ration fed to the c lam s, the arithm etic m ean o f  the actual daily  
ration  w as determ ined fo r each  w eek o f  the experim ent. Daily 
growth rate show ed a  saturation response around an effective ra­
tion o f  1%, though grow th rate fluctuated betw een 6 .7  and 9.8%  
d a y " 1 according to  the week o f  the test (Fig. 2). G row th o f  the 
starved clam s declined  from  m ore than 2%  d a y -1  during the first 
week to  less than  0 .5 %  d a y “ 1 during the rest o f  the experim ent.

The fluctuation o f  algal concentration showed a  sim ilar pattem  
in all replicates o f  e ach  treatm ent and is represented for one rep ­
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TABLE 2.

(Experiment 1) Daily grow th rate (DGR), final live (WW) and dry (DW) weight, and shell length (L) of T. philippinarum  fed various daily 
rations o f C. neogracile. D ata represent mean and standard deviation from  four replicates. Like superscripts indicate means which do not 

differ significantly (A NOV A, Tnkey HSD, P fl.05, unless stated otherwise).

Treatm ent!
DGR 

(%  day“ 1)
DGR 

(%  day-1)
DGR 

(%  day“ 1)
WW 

(mg ind-1 )
DW 

(mg i n d '1)
L

(mm)

1. Unfed control 2.36 ±  0.3Qb 0.31 ±  0.50 0.48 ±  0.36c 6.38 ±  0.37c 4.05 ±  0.2IC 2.84 ±  0.08c
2. 0.1% Chg 2.91 ±  0.25b 2.05 ± 0 .1 7 1.33 ±  0.26c 8.23 ±  0.28c 5.16 ±  0.17c 3.23 ±  0.15e
3. 0.5% Chg 5.80 ±  0.21* 6.52 ± 0 .1 1 5.74 ±  0.37b 17.99 ±  1.50b 10.82 ±  0.84b 4.37 ±  0.16b
4. 1.0% Chg 6.71 ±  0.67* 9.77 ±  0.09 8.67 ±  0.43* 29.59 ±  3.26* 17.14 ±  1.89* 5.34 ±  0.17*
5. 1.5% Chg 5.84 ±  0.68* 7.85 ±  0.71 9.21 ±  0.53* 25.65 ±  3.27* 14.92 ±  1.89* 5.07 ±  0.18*

ANOVA, F, 69.0 H.D.* 407.3 88.8 84.4 157.5

§ Chg =  Chaetoceros neogracile concentrate, rations expressed as initial daily rations (DW WW ' day“ !) initial seed: 5.13 ±  0.58 mg ind“ 1 (mean 
±  SD, n «  3).
* Heteroscedastic data, significantly different means separated by / (MCHETV, P «  0.05): l/2,3,4,5; 2/3,4,5; 3/4.

licate system  p e r treatm ent in Fig. 3. By d is t r ic t in g  a  weight- 
specific ration o f  1% d a y “ 1 over tw o feedings, a peak concentra­
tion was atta ined  tw ice da ily  o f  3 0 -4 0  Chaetoceros p i “ 1, which 
was cleared below  a level o f  10 cells p i “ 1 in the subsequent 5 -7  
h period (F ig. 3C). T h e  h ighest ration often resulted in an accu­
m ulation o f  the  a lgae betw een  the periodic renewals o f  the sea­
w ater up to  concentrations o f  40  (week 3) o r even 90 algal cells 
p i “ 1 (week 2 , F ig. 3D ). In  the cultures fed the lowest rations, the 
algae w ere c leared  to  levels below  1 to  2 Chaetoceros p i " 1 (Fig. 
3A and B).

The intake ra te , calcu lated  from  the decrease o f cell concen­
tration over short tim e intervals during the second and third week 
o f  the experim ent, was m ain ly  related to the food level present in 
the culture a t the  m om ent o f  the m easurem ent (Fig. 4). Fluctuation 
o f  cell concentration  in the cultures fed 1 % day " 1 thus resulted in 
a variation o f  intake rate  betw een 35 and 8. IO6 cells g “  ' h — 1, and 
even low er values m ay have been observed at the concentrations 
below  10 C haetoceros  p i “ 1. The rate w ith which the clam s re­
moved the a lgae from  suspension increased linearly up  to a con­
centration o f  abou t 30  C haetoceros  p i “ l . Estim ates o f  intake rate 
beyond this algal density  w ere m ainly derived from  the cultures 
fed 1.5%  D W  W W " 1 d a y “ 1 during the second week o f  the test

and fluctuated strongly irrespective o f  food concentration. Possi­
b ly , the strongly depressed  intake rates observed a t the high food 
concentrations w ere artefacts due  to the calculation o f  intake rates 
from  relatively sm all decreases o f  cell concentration. Also, the 
im pact o f  algal g row th , w hich was not taken into account for the 
com putation o f  the intake rate , m ay have been relatively m ore 
important at the high algal loads.

Effect o f  C . neogracile Concentration on Clearance and Intake Rate 
in T . philippinarum

T. philippinarum  m aintained m axim um  clearance (CRmax) and 
intake (irmax) rates a t, respectively, low and high food concentra­
tions (F ig. 5). The incipient lim iting concentration, calculated 
from  the ratio irmax/C R max (Sprung and Rose 1988), was sim ilar in 
the two experim ents and corresponded with the critical concentra­
tions derived from  the intersections o f  the fitted curves for the 
second experim ent (Table 3). T he deviating values obtained for 
the first experim ent by the latter technique, especially  for the

x i

8  i o  12 14 í e  18 20
tim e  (days)

Figure 1. (Experiment 1). Change in actual daily ration over the 
course of each week o f the experiment for T. philippinarum  fed C. 
neogracile a t  an  initial daily ration of either 1.5% (A), 1% (□ ), 0.5% 
(O ), or 0.1%  (O),
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Figure 2. (Experiment 1). Relationship between the effective daily 
ration and the daily growth rate  of T. philippinarum  fed C. neogracile.
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Figure 4. (Experiment 1). Intake ra te  (ir) as a  function of food con* 
centration (C) in T. philippinarum. Data a re  calculated from the de* 
crease of food concentration measured over 2 to 6 h time intervals in 
the cultures fed various daily rations of C. neogracile (0.1% : 0 , 0.5% : 
0 ,  1.0%: □ ,  1.5%: A) during the second and third week of the 
experiment (filled and unfilled symbols, respectively). L inear regres* 
sion equation is given by: ir  (IO6 cells g-1 h -1] =  1.229 C (cells p i -1] 
(r2 «  0.81).

concentrate at the same daily  ration (/-test: P <  0 .0 5 ; P <  0.001 
if  the three aberrant grow th rates for w eek one are  excluded).

During the first week o f  the fifth test the seed exhibited a 
generally depressed grow th, w hich was less pronounced fo r clam s 
fed the algae derived directly  from  the cu lture. C lam s fed the 
concentrated algae grew  at a rate o f  about 30%  o f  that observed 
during the subsequent w eeks, w hereas this w as about 60%  fo r seed 
fed Chaetoceros cultures (Table 4 ). T he m ean in take rates, calcu-

tim e  (days)
Figure 3. (Experiment 1). Fluctuation of food concentration in one 
replicate culture of T. philippinarum  fed C. neogracile a t a  daily ration 
of either 0.1% (A), 0.5%  (B), 1.0% (C), o r 1.5% (D). Cell densities 
measured before and after feeding are  connected with a vertical line. 
Data points a re  not connected when m easurem ents were discontinued. 
The periodic renewal of the seaw ater is indicated on the time axis (*).

critical concentration o f  c learance ra te , m ay have been due to the 
insufficient num ber o f data points in the proxim ity o f the incipient 
lim iting concentration. M axim um  w eight-specific rates o f  filtra­
tion and feeding w ere about 30%  higher during the second test 
than in the first experim ent.

Comparison o f  Centrifuged Algae and Algal Cultures

M ean daily  grow th rate  o f  clam s obtained during the various 
weeks o f  seven experim ents fo r clam s fed C . neogracile  at a  daily 
ration o f 1% is presented in F ig . 6 . F o r the five  experim ents in 
w hich concentrated  C . neogracile  w as fed , the average daily 
growth rate  o f  the three w eeks did not vary significantly  betw een 
experim ents (A N O V A , F4>i0 =  0 .7 8 0 , P  =  0 .5 6 ). F or experi­
m ents three and  five , growth rates m easured  during the  first week 
w ere highly deviating from  those m easured during the following 
weeks. Growth o f  clam s fed the C . neogracile culture, averaged over 
all experiments, was significantly better than that o f  spat fed the algal
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Figure 5. Clearance and intake rates as a  function of food density in 
T. philippinarum (20 mg mean WW) fed C. neogracile. A and B rep­
resent the results of two independent experiments. M aximum clear* 
ance and intake rates are calculated from  the mean of the da ta  points 
below and above the critical concentrations, respectively. Curves were 
fitted to the data points for clearance and intake rate , respectively, 
above and below the Incipient limiting level through, respectively, 
non*linear (y — Ae~Bx +  Ce~Dx +  E) and linear (y «  Ax)  regression. 
Derived param eters are  presented in Table 3.
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TABLE 3.

Maximal clearance (CR™ ,) and intake (irro„ )  ra te , and their 
critical concentrations for juvenile T. philippinarum  (20 mg mean 
WW) fed C. neogracile, in two independent experiments. Data are  

derived from  Fig. 5.

Experim ent A Experim ent B

■r™, (IO6 cells g -1 h -1 ) 46.2 63.2
Minimum concentration for ir =

“ m« (cells p i " ') 33.7 26.6
C R ^  ( m l g - ' h - ’) 1771 2301
Minimum concentration for CR <

(cells p i” 1) 15.2 24.1
Incipient limiting concentration

[ i r ^ / C R ^ ]  (cells p i ” ') 26.1 27.4

-C hg co n cen trate
week 1 A
week 2 □  Chg c u l t u r e - -
week 3 O
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Figure 6. Daily growth rate  o f  T. philippinarum  fed C. neogracile 
either as a concentrate (Riled symbols) o r directly from  the algal cul­
ture (hollow symbols) a t a  daily radon of 1% in seven independent 
experiments. Each data point represents the m ean daily growth rate  of 
three (four: Experim ent 1) replicate cultures for each of the 1-week 
periods. Lines indicate m ean daily growth ra te  obtained with the con­
centrate (7.4 ±  1.4% day” 1) and the culture (10.0 a  1.5%  d ay "1) of 
C. neogracile, respectively (mean *  SD; aberran t observations from 
Rrst week, indicated with *, excluded).

TABLE 4.

(Experiment 5) Daily growth rate  (DGR) o f T. philippinarum  fed 
various daily rations of C. neogracile (Chg) either as a  concentrate 
o r directly from the algal culture. Data represent mean and standard 
deviation from three replicates. Like superscripts indicate means 

which do not differ signiRcantiy (ANOVA, Tukey HSD, P  «  0.05).

lated from  the change in ceil concentration be tw een  each  feeding, 
w ere sim ilar throughout the experim ent and w ere not different 
betw een the treatm ents fed 1% D W  o f  C . neogracile  e ither as a 
concentrate o r d irectly  from  the cu lture. A s a  resu lt, gross growth 
efficiency was higher for clam s fed the C . neogracile  cu lture, in 
particular during the first w eek o f  the experim ent (Table 5 ). It is o f 
interest that the difference betw een the g ross grow th efficiency o f  
clam s fed  either o f  the algal types is m uch reduced during the last 
tw o w eeks. Possibly, the clam s m ay have needed a  longer accli­
m atization period to  adapt to a  d iet o f  concentrated algae.

Feeding C haetoceros  cu ltu res at daily  rations o f  1.5%  or 
1.73%  (effective daily  ration for treatm ent fed “ on  dem and” ) 
resulted in significantly higher grow th com pared  to  the controls 
fed 1% during the last w eek o f  the test (T able 4 ) . T his suggests 
that the optim al ration for m axim al grow th m ay be  h igher for the 
C haetoceros culture than for the concentrated algae. This was

Treatm ent Week 1 Week 2 Week 3

1. Chg concen­
trate 1% 2.98 ±  0.20b 8.50 ±  0.46b 8.01 a  0.37c

2. Chg culture 1% 5.88 ±  0.45* 10.20 ±  0.31* 9.76 a  0.57b
3. Chg culture

1.5% NA 10.41 ±  0.64* 10.79 ±  0.20*
4. Chg culture

“ on demand” 2.69 ±  0.13b 10.55 ±  0.40* 10.98 a  0.19*

ANOVA, F, 108.3 12.5 41.1

corroborated by the m easurem ents o f  cell concentration  before and 
after feeding in one replicate o f  the algae-fed treatm ents. Feeding 
a  daily ration o f  1.5%  m aintained the food level above 5 -1 0  C ha­
etoceros p i  " 1 throughout the experim ent and resu lted  in a  signif­
icantly larger am ount o f  algae rem oved from  suspension than in 
the treatm ents fed 1% (Table 5). H ow ever, the h igher filtered 
ration was less efficiently converted into c lam  biom ass and re­
sulted only during the last w eek in a  significant grow th im prove­
m ent (Table 4). T he high food loads observed in the  treatm ent fed 
“ on dem and” , i.e . up to 90  C haetoceros  p l " \  affected gross 
growth efficiency only to a small degree.

Clam s fed the highest ration (1 .73%  d a y "  ' ,  treatm ent fed “ on 
dem and” ) rem oved the largest w eight-specific ration o f  1.16%  
D W  W W " 1 d a y " 1 (Table 5), which was equivalent to  67%  o f  the 
offered ration. Feeding a daily ration o f  1% resu lted  in a  c learance 
o f  m ore than 80%  o f  the food offered.

Single and Mixed Diets o f  C. neogracile and Isochrysis sp. (Clone T-Iso)

The prelim inary series o f  experim ents dem onstrated  a sim ilar 
grow th response to increasing ration size fo r  T . philippinarum  
(live w eight 1 .7 -6 .9  mg) fed either C . neogracile, Isochrysis  sp. 
(clone T -Iso), o r a 50/50 m ixture (on DW  basis) o f  both  species. 
G row th increased sharply up  to a  daily  ration  o f  1% , reached a 
m axim um  value at 1 .3% , and then decreased  w ith a  further in­
crease o f  algal ration (Fig. 7). B ecause the experim ents w ere per­
form ed w ith clam s o f  different initial size and p revious h istory, the 
data do  not allow  a com parison o f  the nutritional value o f  the  three 
algal diets. H ow ever, it is interesting to note the  consistency  o f  the 
relationship betw een growth rate and ration fo r various algal d iets.

DISCUSSION

The present series o f  experim ents dem onstrated  th at the opti­
mal ration o f  C . neogracile  for m axim al grow th  o f  juven ile  T. 
philippinarum  in  the size range o f  1 to 4 0  m g live w eight is 
situated betw een 1 and 1.5%  D W  W W  " 1 day " 1. G row th  o f  clam s 
showed a  linear response to increasing rations up to  1% d a y " 1, 
w as not significantly affected by rations ranging  from  1 to  1.5% , 
and eventually decreased with a  further increase o f  the ration . The 
set o f  prelim inary tests indicated that grow th a tta ined  a  m axim um  
for T. philippinarum  fed e ither C . neogracile. Iso ch rysis  sp. 
(clone T-Iso), or a  mixture o f both species, at a  daily ration o f  1.3%.

In clam  cultures fed I % C haetoceros  day " 1, the  cell concen-



75

E f f e c t  o f  R a t io n  o n  F e e d in g  a n d  G r o w t h  o f  T a p e s 53

TABLE 5.

(Experiment 5) Mean intake rate  and gross growth efficiency of T. philippinarum  fed various rations of C. neogracile. Data represent mean 
and standard  deviation (hr week one, and weeks two and  three. Like superscripts Indicate means which do not differ significantly (week 2

& 3: ANOVA, Tukey HSD test, P  *S0 .05).

Type of Chaetoceros *-» 
Feeding Regime —* 

(% DW W W -1 day"*)

Concentrate 
1%

Culture
1%

Culture
1.5%

Culture 
“ On Demand”  

(1.73% effective DR)

Week 1
Mean intake rate
I. (IO6 cells g -1 day-1 )

mean £  SD (n =  7) 346 £  131 346 ±  61
min.-max. value 121-481 268-434
CV (%) 38 18

2. (% DW W W -1 day- , )§ 0.82 0.82
Daily growth rate (% day-1 ) 2.98 5.88
GGEÍ 3.6 7.2

Weeks 2 and 3
Mean intake rate
1. (IO6 cells g -1 day-1 )

mean ±  SD (n =  14) 301 £  25“ 342 ±  56“ 457 ±  55h 486 ±  87b
min.-max. value 263-353 219-435 327-552 370-640
CV (%) 8 16 12 18

2. (% D W W W - , day- , )§ 0.72 0.81 1.09 1.16
Daily growth rate (% day- , ) î 8.25 9.98 10.60 10.77
GGEÎ 11.5 12.3 9.7 9.3

§ C. neogracile: 23.8 pg DW cell-* *.
t  Average of the mean DGRs for the second and third week of each treatment (see Table 4).
$ GGE =  gross growth efficiency =  live weight increase per dry weight of food cleared, estimated as DGR (%WW day" l)/mean intake rate (%DW 
day-1 ).

(ration w as declin ing  rapidly after feeding and was m ostly below  
the incipient lim iting level, i.e . about 25 C haetoceros p.1" ‘ . As a 
result, the  c lam s exhibited fluctuating intake rates in the course o f 
the experim ent. The higher average food concentration occurring 
in the cu ltures that were provided daily rations exceeding 1%, 
allow ed the c lam s to feed m ore continuously and m axim ize their

Tiso
C h g /T iso
Chg

d a i l y  r a t i o n  (% DW WW d a y  

F igure 7. Daily growth rate as a  function of daily ration for T. phil­
ippinarum  fed C. neogracile (Chg), Isochrysis sp. clone T*Iso (Tiso), or 
a  50/50 (on dry weight basis) o f both algal species (Chg/Tiso). Data sets 
were obtained from  independent, one week experiments with one rep ­
licate culture per ration. Initial mean individual WW — 1.73 ±  0.03 
m g (Chg), 6.94 ±  0.62 mg (Tiso), 3.92 ±  0.15 mg (Chg/Tiso).

daily  food uptake, but also resulted in a-low er efficiency o f  food 
utilization. T his is in agreem ent with the observations for o ther 
bivalves showing that grow th rate is m axim ized at higher rations 
than gross grow th efficiency (Thom pson and Bayne 1974, G old­
stein and R oels 1980, Urban et al. 1983).

It is interesting that clam s fed the concentrated C . neogracile  at 
a  h igher ration than \%  d a y " 1 showed a tendency tow ards de­
pressed grow th , w hereas the anim als fed the sam e alga  directly 
from  its culture tended to further increase grow th. A pparently , the 
optim al ration for maxima! growth is shifted to  low er values, but 
m axim al growth obtained is low er for c lam s fed the concentrated 
algae. T his is supported by the low er gross grow th efficiency 
observed for the latter.

The periodic feeding activity o f the clam s fed Chaetoceros  at 
1 %  day " 1 appeared to be m ainly im posed by the discontinuous 
feeding reg im e which resulted tw ice daily  in a  depletion o f  the 
food. H ow ever, the latter feeding strategy yielded a higher gross 
grow th efficiency and sim ilar grow th com pared to  that o f  clam s 
fed 1.5%  d a y “ 1 which filtered the food m ore continuously and at 
h igher rates. From  this it w ould appear appropriate to apply d is­
continuous feeding regim es in aquaculture system s in o rder to 
m axim ize the utilization efficiency o f  the algal food. In  the same 
w ay , E pifanio and Ew art (1977) observed a discontinuous feeding 
activity  fo r C . virginica  in  continuously replenished suspensions 
o f  algae and proposed to offer algae in pulses rather than  m ain­
taining constant food concentrations. This is further supported by 
the findings o f  Langton and M cKay (1976) w ho reported better 
grow th o f  C . gigas  spat fed discontinuously than w hen feeding the 
sam e am ount o f  food continuously.

T he  m axim al daily  am ount o f  C . neogracile  dry w eight re­
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m oved from  suspension averaged 1.16%  o f  the c lam ’s live weight. 
This is com parable w ith the weight-specific daily  ration rem oved 
by C . virginica  (15 g  live w eight) w hich ranged from  0 .4%  for T. 
pseudonana  to  1.5%  for I .  galbana  (Epifanio and E w art 1977). 
N evertheless, it appears difficult to explain why the optim al ration 
fo r juven ile  M anila c lam s was as low as 1 to  1.5%  D W  W W " 1 
day*"1 in the p resent laboratory experim ents, w hereas the standard 
regim e in  a  com m ercial hatchery to feed  a m ixture o f  five algal 
species to seed o f  the sam e size and under com parable conditions 
o f  tem perature and salinity  consisted o f  4%  DW  W W ” 1 d ay -1  
(A lbentosa e t a í. 1989). A lso, the scarce literature data with regard 
to  the e ffect o f  ration size on bivalve grow th indicate h igher values 
than those observed in the present study (Urban et al. 1983, En­
right e t al. 1986a,b). H ow ever, optim al ration differs according to 
the algal species (Enright e t al. 1986a) and m ay b e  affected by the 
algal culture conditions (Enright et aí. 1986b). O ur data indicate 
that the optim al ration increases w ith increasing nutritional value 
o f  the algal d ie t, i.e . in ascending order: C haetoceros concentrate, 
C haetoceros  cu lture, m ixed algal diet used by A lbentosa et al. 
(1989). Furtherm ore, various m ethodological factors m ay affect 
the value o f  the  estim ated  daily  ration, such as the accuracy o f  the 
algal dry w eight analysis, the adaptation o f  the feeding regim e to 
grow th during the experim ent, the natural food present in the 
seaw ater, and the settling and/or g row th o f  the algae in the culture 
system .

C lam  growth in the present experim ents was acceptable when 
com pared w ith the values o f  7 .6%  d a y -1  and 14% d a y ” 1 reported 
fo r, respectively , M ercenaria  m ercenaria  (initial live weight 25 
m g) fed a  m ixture o f  T . pseudonana  and I. galbana  (Urban and

P ruder 1992), and O . edulis  (initial live weight 1.14 m g) fed C . 
calcitrans  (L aing  and M illican 1986). The superior grow th ob­
tained  w hen feeding clam s w ith algal cu lture show ed that the 
nutritional value o f  C haetoceros  decreased due to centrifugation 
and storage for m axim al three days. By contrast, N ell and O ’C on­
nor (1991) could  not detect any deleterious effects on  grow th o f  
larvae o f  the  Sydney rock oyster Saccostrea com m ercialis when 
various species o f  d iatom s w ere fed after concentration to  a paste 
and storage for 7 -1 4  days at 4°C. The aberrant values observed 
during  the first w eek o f  experim ents three and five, m ay have been 
due to  the rela tively  short acclim atization period  prio r to the start 
o f  the  experim ent. In  this w ay, a  bad initial condition  o f  the  spat 
m ay have caused  difficulties to  adapt to the experim ental food, 
resulting in  reduced  feeding rate and gross grow th  efficiency. A l­
ternatively, anim als that originate from  a w ell-fed population m ay 
benefit from  th eir  food reserves and in itially  m aintain higher 
growth rates. Laing and M illican (1986) thus found that greater 
lipid reserves in O . edulis  spat w ere associated with h igher growth 
rates o f  the seed w hen transferred to the sea. In  this regard , it 
w ould be in teresting  to relate the initial biochem ical com position 
o f  the  seed to  its perform ance in future culture tests.
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