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Estimation of the Daily Food Intake and Gross Grow血 Ef:ficiency

ofChuむ ~ackerel(Sco~berjαponicus) Larvae Under Various 

Temperatures 

Diego MENDIOLAl， Yoh Y品仏SHITA2， Michiya MA:τ'SUYAl¥仏3，Reiji MASUDA2， 

Kumiko OKAMOT04， PaulaALvAREz1 and Masaru TANAKA5，6 

Abstract: The rates of growth， gut evacuation and ingestion of Pacific chub mackerel (Scomber 

japonicus) larvae were determined under experimental rearing conditions. Temperature was 

shown to have a significant effect on the growth， evacuation and ingestion rates.τ'he daily speci出f丑lC

g却ro刀owt出hr悶at白e(in weight) ranged from 16 

tion rates ranged f企rom0.68 tωo 1.44 between 16 and 22
0

C， respectively. Daily ingestion ranged from 

29.1% (10 days after hatching; DAH at 16
0

C) to 126.4% (15 DAH at 22
0

C) body dry weight. The 

developmental stage (dailyage) also affected ingestion and growth. Daily ingestion rate increased 

from 10 DAH to 15 DAH at each temperature， while gross growth efficiency (mean value 0ぱf3t除em但

per悶att印lr陀esり)decreased from 48 

g伊rowt出hcharact匂eris銑叫ticsduring the early 1紅i江festage of Paci坦宣cchub ma配cke官relwell agreed with other 

scombrid species. Bioenergetics to determine growth rate were discussed in relation to changes in 

temperature. 

五eywords: Mackerel; Larva; Ration; Growth 

As the aquacu1ture industry grows， new spe-

cies are likely to be farmed. However， before 

starting to develop a new species， it is imporω 

tant to fulfil biological knowledge and technical 

details for farming. The aim of aquacu1ture is to 

achieve the maximum growth rate of each indi-

vidual fish， within a certain time (悶orsviket al. 

2004). In this way， capture and transformation 

of energy into body mass， is critical during the 

larval fish stage and the proportion of ingested 

energy used in growth， depends on mu1tiple 

factors (such as， rearing conditions， prey qual-

i匂T，prey abundance， larval size and age) 

(Yamashita and Bailey 1989). Particularly， tem-

perature， feeding and body size are recognised 

as three of the main determinants of the growth 
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rate during the larval fish stages (Pepin 1991; 

Yamashita et al. 2001; Bartsch 2002). Growth 

rates and mortality rates are highest during 

this stage and both can determine the success 

of a fingerling production (悶orsviket al. 2004). 

Many biological and physical factors can inter-

act to affect growth and mortality in laboratory 

tanks (Gamble and Houde 1984)， and starvation 

acting independently with the modi削ngimpact 

of environmental variables has been suggested 

as a main source of mortali勿 (Cushing1974;Yin

and Blaxter 1987; Suneetha 1999). Water tem-

perature has the most significant effect on the 

physiology of fish through its effect on enzyme 

reaction rates (Hochachka and Somero 1984)， 

such effects are extended into development and 
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growth (Blaxter 1992; Kamler 1992; Hochachka 

and Somero 2002)， and are most pronounced 

during the rapidly growing larval stage (Kamler 

1992). 

Scombrid fishes are considered generally 

to have survival strategies in ear1y life stages 

characterised by voracious feeding habits， pre幽

cocious digestive systems and rapid growth 

rates (Hunter and Kimbrell 1980; Kaji et al. 

1996; Tanaka et al. 1996; Kaji et al. 1999; Shoji et 

al. 1999; Sanchez働Velascoand Shirasago 2000; 

Shoji and Tanaka 2002)， such characteristics 

could support the consideration of the mack-

erels as cu1tivable自由 (Mendiolaet al. 2008). 

Chub mackerel (Scomber japonicus) is not a 

commercial cultured species， however it is one 

of the most popular species in J apanese fish 

markets (Matsuda 1996).百lIsspecies is dis-

tributed widely along the coast of the Japanese 

islands (Watanabe 1970)， however it shows con-

tinuous water temperature-dependent f1uctua-

tions in the number of annual recruits (Hiyama 

et al. 2002). Much work has been made and 

the current knowledge of larval chub mack-

erel rearing is considerable; development and 

growth have been studied on laboratory伺reared

(Wa臼nabe1970; Hunter and Kimbrell 1980; 

Murata et al. 2005) and wild-caught (Matsuura 

and Hewitt 1995) individuals. Stomach contents 

(Ozawa et al. 1991; Shoji et al. 2001)， swimming 

speed (Masuda et al. 2002)， schooling behav-

iour (Nakayama et al. 2003)， and allometry 

(¥九Tatanabe1970; Mendiola et al. 2008) have also 

been studied on the larvae of the Japanese spe-

cies; however， the knowledge about ingestion 

rates or daily ration is sti11 poo仁 Thebiological 

information regarding such terms is generally 

used for predictive models that contribute to 

optimise fish cu1ture 00bling 1994; Planas and 

Cunha 1999). Such information， in the context 

of chub mackerel， would help to go further into 

the experimental culture of this species. 

The main objectives of the present laboratory 

study were to generate basic data on: (i) larval 

growth; (ii.) gastric evacuation; and (iii.) inges幽

tion rates under different temperature and feed-

mgreglmes. 

Materials and Methods 

Fertiliz，αtion and larvα1 reαring 

Ferti1ized eggs of chub mackerel (Scomber 
ja戸onicus)were obtained on May 13， 2004， by 

hormone-induced spawning， from a broodstock 

adapted to captivi句T at the Oita Prefectural 

Marine Science Center; thereafter， they were 

transported to the Maizuru Fisheries Research 

Station of Kyoto University， where several 

experiments were undertaken from May 15 to 

June 10. Eggs were incubated in a 500 1 polyω 

carbonate tank， with running seawater at 18.5 

:t 1.05
0

C， 31.9土0.61salini匂Tuntil approximate 

yolk sac exhaustion. At the first feeding stage， 

about 1000 larvae per tank were incubated in 

4 different 200 1 conical tanks at water・tem-

peratures of 16， 19， 22， and 25't， respectively. 

Temperature was changed from 18.5
0

C to the 

set values in a day. An air stone， placed at the 

bottom of each tank， was used to maintain dis-

solved oxygen concentrations near saturation， 

to provide water circulation and to maintain 

food partic1es in suspension. A 14 h light : 10 h 

dark photoperiod was employed. 

ldentical food conditions were offered to 

individuals in each of the 4 temperatur・eexperi-

ments; this was arranged by organising the 

feeding schedule based on a days degree scale， 

i.e. days after hatching X incubation tempera-

ture. From first feeding to 4.5 mm averaged 

standard length (SL) ， twice a day， larvae were 

fed only rotifers (Brachionus plicatilis， L-type) 

(supplied by Fukui Prefectural Hatchery) and 

algae (Nannochloropsis oculat，α)， at a density of 

10 ind.mZ-1 and 100，000 cells mZ-l， respectively. 

From 4.5 mm SL to 7 mm SL， brine shrimp 

Artemia sp. nauplii/metanauplii (Miyako Kagaku 
Co. Ltd.， Japan) were inc1uded in the diet， at a 

density ranging 0.16 -7 ind. mZ-l; during this 

per・iod，rotifers were also offered at a density of 

2 -4 ind. mZ-1 but no algae were offered. Over 

7 mm SL， only Artemiαmetanauplii at a density 

of 7 -15 ind. mZ-1 were offered as food. Rotifers 

and Artemia were enriched with Aquaran (BASF 
Ltd.， Japan) and Biochromis (paci百cTrading Co. 

Ltd.， Japan) respectively. Water parameters were 
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controlled and deposits on the tank bottom were 

removed by siphoning every morning. 

Growth rates 

F江町 yolksaclarvae were SL measured to the 

nearest 0.01 mm immediately after hatching， 

using a dissecting microscope. For growth deter-

mination， by Days 6， 10， 15 and 20 after hatch-

ing， about 30 -60 individual SL were measured 

from the experiments at 16， 19， 22 and 25
0

C. For 

this purpose， chub mackerel larvae were anes-

thetized previously， with 0.1% MS-222 (Tricaine 

methanesulfonate， SYG抗A)in seawater. At the 

same time， for each temperature， a pool of 4 

larvae， sampled in triplicate， were dried for 24 

h at 60
o
C. Dry weight (DW) was calculated， to 

the nearest 0.1μg， on a microbalance (Mettler 

Toledo). Instantaneous rate of growth (G) and 

the relative rate of growth (K) were estimated as 

follows (Yamashita and Bai1ey 1989)， 

wt言 wo.e.tor Lt=Lo・eG.t，and K=e-1 

where UもandLo are the initial DW (in mg) and 

the SL (in mm); and Wt and Lt are DW and SL， 

at time t (in days)， respectively. For each case， 

the dai1y specific growth rate was defined by K 
X 100 (%). 

Furthermore， at each temperature， the SL-at-

age data were fitted， by linear regression， to test 

the suitabi1i匂Tof the exponential model. 

Evacuation rates 

The instantaneous rate of gastric evacua-

tion was measured on feeding larvae 10 and 15 

DAH， for the experiments undertaken at 16， 19 

and 22
0

C. Evacuation rate and ingestion rate 

mentioned below were not estimated for larvae 

at 25
0

C due to insu団cientnumber of larvae 

avai1able. The night prior to this measurement， 

150 mackerel larvae per tank were transferred 

to 3 different 30 1 tanks set previously at the 

temperature range to evacuate consumed food. 

In the morning of the Days 10 and 15 after 

hatching， larvae were fed prey items which 

had been dyed with A1cian B1ue， at saturation. 

After 1.5 hours， the larvae were transferred 

to different 30 1 tanks containing undyed prey 

items， at saturation. Then， larvae were sampled 

at intervals of 60 minutes and prey items were 

removed from the guts. The prey items used， 

by Days 10 and 15 after hatching， were roti-

fers and Artemia， respectively. The total dry 

weight of dyed prey items in the gut was deter-

mined， by summing the product of the width-

specific dry weight for each corresponding prey 

(Benijits et al. 1975; Thei1acker and Kimbal1 

1984). Data were fitted to the model: 

At=Ao・e-R
.
t

where Ao and At are the ratios of the dry 

weight of dyed prey items in the gut， to larval 

dry weight at times 0 and t (in hours). R is the 
instantaneous rate of gastric evacuation under 

the feeding condition. 

Ingestion rates 

About 10 feeding larvae，合omeach experi-

ment undertaken at 16， 19 and 22
0

C， were sam-

pled 4 times each day， at 3 h intervals， during 

the light period. Prey items were removed 

from larval guts and counted; their widths were 

measured and the degree of larval digestion 

determined. Total gut contents， in dry weight 

per larva， were determined by summing the 

product of the width-specific dry weights of 

prey items and digestion factors (as described 

below). For each temperature， the asymptotic 

equation 

S=SmaxX (l-e-F.t)， 

was used to describe ingestion rates， where S is 

the ra乱oof gut contents ωlarval dry weight (x 

100) at time t (in hours) after initiation of light 

period， Smax is the asymptotic gut contents似)

and F is the instantaneous rate of gut fi11ing. 

These parameters were estimated by fitting the 

asymptotic equation， through non-linear methods. 

For each temperature， weight-specific dai1y 

ration (1) as a percent of body weight was esti-

mated in the mackerel larvae， using the Elliot 

and Persson mode1 (Elliott and Persson 1978): 
η 

1= 

where ti is the duration of each time interval 

(i) in hours， Si is the mean gut content at the 

end of interval (i)， as a percent of larval dry 



294 D. Mendiola， Y. Yamashita， M. Matsuyama， R. Masuda， K. Okamoto， P. A1varez and M. Tanal王a

body weight; m is the total number of intervals 

during a light cycle; and R is the rate of gastric 

evacuation. 50 was assumed to be O. 5m， the gut 

contents at the end of the light period， were 

approximated as (5m -1 + 5m…2)/2. 

The correction factors， for the degree of 

prey digestion used to calculate ingestion， were 

determined as follows -(a) for rotifers: 0.9 for 

fresh rotifers， well-shaped， with abundant chlo-

rophyll in the gut and sometimes with eggs; 0.7 

for medium-digested rotifers， poorly shaped 

and containing some remains of chlorophyll in 

the gut; 0.5 for well-digested rotifers， transpar-

ent， irregular shape， without chlorophyll and 

located in the rectum.ー(b)For Artemia: 0.9 

for企eshArtemia， orange coloured， eyed and 
well嗣shaped;0.5 for medium digested Artemia， 

yellowish coloured， bubbles in the body and 

scarcely-eyed; 0.1 for well digested Artemia， 

yellow-white coloured， irregular shape， not 

eyed and sometimes located in the rectum 

(Yamashita and Bai1ey 1989). Since the objec同

tive of the study was to quanti命 theeffect of 

temperature on the ingestion and evacuation 

rates and the prey densi句Twas at saturation， 

norトfeedinglarvae were excluded from the 

samples. The incidence of larvae with empty 

stomach ranged from 0 to 7% and there was no 

clear tendency either in rearing temperatures 

or daily ages. 

A 

101 +160C 
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企220C
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1 

Q g 
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The effects of temperature on the instan-

taneous rates of growth (G)， gastric evacu欄

ation (R) and gut filling (F) were evaluated 

using ANCOVA which was performed for 

linearized exponential models. A one-way 

ANOVA was also used to compare faecal 

material， daily ration， growth efficiency and 

trypsin data among different age groups. 

Additionally， a Tukey-Kramer mu1tiple com幽

parison test was performed to statistically dif-

ferentiate significant mean values. Statistical 

analysis was performed using Statgraphics Plus 

v5.0 (Manugistics Inc.， MA， USA). 

Table 1. Parameters of the Wt~ Wo・e.tand Lt~Lo ・ eG . t

growth equations;羽TOand Lo are the initial DW  and SL; 
G and K (in %) are the instantaneous and daily specific 
growth rates for both weight and length 

Temperature 
Wo G K (%) ~umber of R2 

(C) (%) ob;~~;;ti 

16 6.210…3 0.155 16.8 96 0.962 
19 810-3 0.172 18.8 82 0.901 
22 1.510-3 0.385 46.9 80 0.991 
25 1.510-3 0.423 52.6 59 0.990 

Temperature 
h G K (%) ~umber of R2 

(C) (お)observations 

16 3.766 0.028 2.9 240 0.996 
19 3.706 0.032 3.3 193 0.984 
22 2.539 0.085 8.8 228 0.971 
25 2.174 0.104 10.9 150 0.981 

B 

+160C 

21 '" 19
0
C 

企220C
19 o 250C 

17 

g (g 15 
13 

意2口 11 

i 6ぢ 75 

3 
5 10 15 20 

Age (days after hatching) 

Fig. 1. Chub mackerel (Scomber japonicus). Larval growth during the experiments (mean:t SD):仏)in standard length 
and (B) in dry weight. Regression equations and growth coefficients are shown in Table 1. 
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Table 2. Instantaneous rates of gastric evacuation related to註geand feeding condition of larval chub mackerel at 16， 19 
and 220C. Data were fitted to the equation: At=Ao' e -R.t (see text) 

Age (の Feeding Temperature Instantaneous 
Ao 

Numberof R2 
Condition CC) ev邑cuationrate侭) observations 

10 rotifers 16 0.706 2.74 60 0.996 
10 rotifers 19 0.811 6.731 52 0.911 
10 rotifers 22 1.389 4.711 58 0.922 
15 Artemia 16 0.681 5.016 53 0.927 
15 Artemia 19 1.072 24.921 57 0.944 
15 Artemia 22 1.441 29.339 46 0.971 

Table 3. Summary of ingestion experiments for larval chub mackerel. Smax is the estimated asymptotic gut content and F 
is the insta刷

Asymptotic curve model 

Temperature Feeding Age 
Estimated 1 Max mean 1 ・ 1 Gross2 

CC) condition (d) 
Number of Instantaneous Asymptoticl gut gut content Dally growth 
observations rate of gut g11t content content d ration 

fil1ing (丹 (Smd after 14h IIleaS111・e efficiency 

16 rotifers 10 27 0.051 
19 rotifers 10 33 0.198 
22 rotifers 10 28 0.237 
16 Artemia 15 30 0.101 
19 Artemiα 15 28 0.189 
22 Artemiα 15 28 0.250 

1 Percent to larval dry weight. 
2 Gross efficiency (dry weight in %) = weight gain/ration. 

Results 

Growth rates 
The average SL of chub mackerel larvae 

at hatching was 3.2:t0.1 mm (n=50). A small 

percentage of larvae started feeding by Day 5， 

while most larvae started by Day 6 after hatch-

ing. Therefore， Day 6 was designated as the 

onset of feeding. On that day， SL and DW were 

4.4土0.1mm and 0.018土 0.0017mg (n=110)， 

respectively. Most of larvae had an open mouth， 

fully pigmented eyes and the remnants of the 

oil droplet in the yolksac area; individuals were 

already able to swim in a horizontal posture. 

Daily specific growth rates in SL ranged from 

2.9% at 16
0

C to 10.9% at 25
0

C. Likewise， daily 

specific growth rate in DW ranged from 16.8% 

at 16
0

C to 52.6% at 25
0

C (Table 1). In all cases 

temperature showed a significant effect on the 

instantaneous growth rate (ANCOVA， Pく0.01)

σig. 1). The relationship between SL and DW  

was expressed by the following power function: 

DW  = 0.000028 X SL4.554 (R2 = 0.952) (N= 317) 

feeding 

8.65 4.41 3.47 29.1 57.8 
4.94 4.63 4.13 43.4 43.3 
6.50 6.26 5.95 103.5 45.3 
11.04 8.31 7.02 56.8 29.6 
9.23 8.57 7.71 101.9 18.4 
7.6 7.37 7.09 126.4 37.1 

The linear growth rates in SL were 0.15， 0.18， 

0.72 and 1.04 mm/ day， at 16， 19， 22 and 25
0

C， 
respectively. For the two lowest temperatures， 

the linear model fitted the SL-at-age data better 

than the exponential model (Fig. 1). 

Evacuαtion rates 
Instantaneous gastric evacuation rates ranged 

from 0.68 to 1.44 between 16 and 22
0

C (Table 

2). Temperature showed a significant effect on 

the gastric evacuation rate (ANCOVA， Pく0.05)

at each age. Instantaneous rates of gastric evac-

uation (R) were higher at high temperatures 

than at low ones. However， no significant dif-

ferences were encountered between the evacu-

ation rates of the two different ageωgroups (10 

and 15 days) (釧OVA，P>0.05). 

Ingestion rates 
The instantaneous rate of gut filling for chub 

mackerel larvae increased wi血 increasingtem-

peratures (Table 3; ANCOVA， Pく0.01)at each 

age. The ratio of gut contents to larval dry weight 

increased asymptotically during the 14 h daytime 

period. By Day 10 after hatching， the maximum 
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mean percentage of larval gut contents (roti嗣

fers) for a feeding period of 14 h was 3.5%， 4.1% 

and 6.0% at 16， 19 and 22
0

C， respectively (Table 

3). Likewise， by Day 15 after hatching， the per-

centage based upon Artemia as food was 7.0%， 

7.7% and 7.1% at 16， 19 and 22
0

C， respectively 

(Table 3). These measured maximum values 

of gut content lie close to Smax values esti-

mated from the asymptotic equation (Table 3). 

However， the values for the experiments under鍋

taken at 16
0

C were an exception; the resulting 

Smax values were notably high (Table 3). Chub 

mackerel larvae， within the range of the sizes 

measured were found to be continuous feeders， 

with a maximum capaciザoflarval gut of around 

10% of body weight (see Smax of Table 3). 

By Day 10 after hatching， chub mackerel 

larvae feeding on rotifers increased their daily 

ration， from 29.1% at 16
0

C to 103.5%， at 22t. 
Likewise， by Day 15， the daily ration of chub 

mackerel feeding on Artemia increased from 

56.8% at 16
0

C to 126.4% at 22
0

C (Table 3). The 

difference in the daily ration was signi宣cant

(釧OVA，Pく0.01) between different ages. 

Average gross growth ef宣ciency(weight gain 

/ ration) was higher for 10 DAH larvae than 15 

DAH larvae (ANOVA， Pく0.05).

Discussion 

The results of the growth rates of chub mack開

erel in this study， agree with those reported 

from previous laboratory experiments by 

Hunter and Kimbrell (1980). They reported 

a maximum growth rate in SL of 1.2 mm/ day 

and a growth coefficient in DW (G) of 0.25-0.43 

between 17 -22
0

C for Pacific chub mackerel in 

California US. In the present study， a growth 

coefficient midpoint of 0.30 (G) and a maximum 

growth rate in SL of 1.04 mm/day between 16 

-25
0

C were obtained for Japanese Pacific chub 

mackerel. Murata et al. (2005) reported much 

faster growth reaching 58.9 mm in totallength 

(about 50 mm SL) on 20 DAH using artificial 

feed after 11 DAH; however， rearing tempera-

ture was not shown. Fast growth appears to be 

characteristic of scombrids; growth to around 

10 cm was shown during the first month of 

life of the Spanish mackerel (Scomberomorus 

niPhonius)， under both rearing (Fukunaga et 

al. 1982) and wild conditions (Shoji et al. 1999). 

Pac国cbluefin tuna (Thunnus orientalis) larvae 

grew at an average SL rate of 0.46 -1.2 mm/ day 

depending upon the rearing conditions (Kaji 

et al. 1996) and the growth rate of laboI説ory-

reared yellowfin tuna， Thunnusαlbacares， larvae 

was 0.44 mm/ day企omhatching through to 

Day 30 (Kaji et al. 1999). Likewise， wild Atlantic 

mackerel， Scomber scombrus， reached a maxi-

mum growth rate of 2.03 mm/ day by 62 DAH 

(Cotano and Alvarez 2003). 

It is generally accepted that such fast growth 

requires a high metabolism and abundant conω 

sumption of food (Hunter and Kimbrell 1980; 

Jobling 1994; Fortier and Villeneuve 1996). 

In the present study， Pacific chub mackerel 
larvae consumed from 29% to 104% (10 DAH) 

and from 57% to 126% (15 DAH) of their dry 

weight during feeding in the 14 hour day time， 

depending on temperature. Mackerel larvae 

with high ingestion rates at high temperatures 

had high rates of gut evacuation compared 

with those at low temperatures. Specific daily 

ration increased as a function of ingestion 

rates. Average gross growth efficiency declined 

from 49 to 28% as a function of age (and size). 

Similar decreasing trends around 13 -15 DAH 

have been reported in bay anchovy (Anchoa 

mitchillz)， sea bream (Archosargus rhomboidalis)， 

lined sole (Achirus lineαtus) and walleye pollock 

(Thetiα:gra chalcogtiαmmα) (Houde and Schekter 

1983， Yamashita and Bailey 1989). 

The present results are consistent with previ酬

ous findings (Hunter and Kimbrell 1980) which 

showed an average daily ration of 87% of dry 

weight and a gross growth efficiency of 44% in 

5 days old Pacific chub mackerel， incubated at 

19
0

C. Peterson and Ausubel (1984) reported 

values of 25 -50% for the daily ration of wild 

Atlantic mackerel larvae. Shoji and Tanaka 

(2005) obtained dai1y rations of 90.6 -127.2% for 

wi1d Japanese Spanish mackerel; while Houde 

and Schekter (1983) reported considerably 

higher daily rations for other warm-water spe-

cies. However， since daily rations determined 

from field data could be underestimated and 



Daily Food Intake and Growth of Mackerel Larvae 297 

those derived from laboratory studies could be 

overestimated (Hillgruber et al. 199η， some 

aspects such as the duration of the feeding 

period， the risk of losing prey items， the prey 
digestibility or the prey density require special 

attention in the context of each study. 

The results of the present study suggest 

that the high magnitude of the values obtained 

might be related to the inherent high growth 

potential mechanism (Tanaka et al. 1996) of 

scombrids; in particular the obtained values 

were higher than those reported from other 

larval studies on commercially cultured species 

(Yufera et al. 1995; Solberg and Ti1seth 1984). 
Chub mackerel larvae herein were fed prey 

items， at saturation; such prey concentrations 

were not higher than the critical concentration 

for maintaining maximum growth rate but they 

were likely c1ose. The degree of digestion of 

food is inversely related to the rate of gut evacu-

ation (Werner and Blaxter 1980)， and the evacu-

ation rate is directly dependent on the ingestion 

rate， which was dependent on temperature， as 
observed within the present study. The prey 

eaten by larvae exposed to the highest tempera-

tures (i.e. 25
0

C) were sometimes observed not 

to be sufficient1y digested which is likely owe to 

the short retention time in the gut and the high 

ingestion rate. Although we could not obtain 

sufficient data to estimate ingestion and diges-

tion relating rates due to paucity of specimens 

at 25
0

C， this finding suggests that the most 

suitable temperature to optimise the balance 

between rates of ingestion， growth rates and 

food conversion efficiency in chub mackerel， is 

around or a little less than 22
0

C . 

Chub mackerel larvae were observed not 

to eat the available excess of戸reys，until they 

reached the size at which the prey width was 

equal to the mouth width. This is consistent 

with Fortier and Villeneuve (1996) and it con-

firms that the selection of prey items， by chub 

mackerel is not prey density dependent but it is 

dependent upon the size of the prey items. 

In this study， we have generated available 

numerical information to be applied in the con田

text of specific bioenergetics models for chub 

mackerel. Although， it is still c1ear that釦ture

market needs will decide the viability of this 

species for aquaculture， the availability of this 

biological data will undoubtedly be beneficial 

for the development of techniques and models 

that favour both predictability and cost-effec-

tiveness during the larval rearing of this spe-

cles. 
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マサパ仔魚の日間摂餌量と成長効率に対する水温の影響

Diego MENDIOLA .山下洋・松山倫也・岡本久美子.Paula ALVAREZ .田中 克

マサパ (Scomberjaponicus)仔魚の成長速度，摂餌量，排j世速度を飼育実験下で推定した。水温は

摂餌と成長に大きな影響を与え，体重当たり日間成長率は16.8% (16
0

C)から52.6% (25
0

C)，瞬間排

世速度は0.68(16
0

C)から1.44(22
0

C)，体重当たり日間摂餌量は10日齢の29.1% (16
0

C)から15日齢

の126.4% (22
0

C) まで変化した。粗成長効率は低水湛区で高い傾向が見られた。また，発育段階も

摂斜と成長に影響し， 10日齢と 15日齢を比較すると，体重あたり日間摂餌量は各水温区とも 15日齢で

増加したが，粧成長効率は10日齢の48.8% (3水損区の平均)から15日齢では28.4%に低下した。仔

魚期の高摂餌と高成長はサパ科魚類仔魚、の特徴で、あり，成長に関わるエネルギー収支と水温および発

育段階との関係について考察した。
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