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Ontogenetic Mouth Size Change in Naked-head Large-eye Bream 
Gymnocranius griseus Larvae 
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Abstract: Naked-head large-eye bream Gymnocranius griseus larvae have small mouths, restrict
ing their ability to feed on rotifers. In the present study, G. griseus were fed with trochophore larvae 
of the Pacific oyster Crassostrea gigas (50.2 ± 2.4 fJ. m) as a primary food and their mouth size, i.e., 
mouth width (MW) and upper jaw length (UJL) were recorded daily. Mouth height (MH) of larvae 
was calculated by with a Shirota's equation, MH=UJLo.5 at a mouth angle of 90°. At onset of feed
ing, three days after hatching (3 DAR), MH and MW were 216.8 ± 13.6 and 227.2 ± 16.8 fJ.m, and 
trochophore larvae were found in the digestive tract. Until 8 DAR, MW was significantly longer 
than UJL; thereafter, until 17 DAR (final day of measurements), MW and UJL were not significantly 
different. These results show the practical mouth height of G. griseus early stage larvae is smaller 
than the estimate given by Shirota's equation; in consequence G. griseus larval prey capture ability 
is lower than expected compared with later stage larvae and early larvae of other fish species. 
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Naked-head large-eye bream Cymnocranius 

griseus (Lethrinidae) occur in coastal waters 
from southern Japan to the Indian and west
ern Pacific Ocean (Shimada 2002). Generally, 
C. grise us is considered tasty and desirable by 
fishermen and anglers but landings are very 
low. As a result, although this species is not 
widely consumed in Japan, it commands a high 
price; <10,000 yen/kg in Japanese restaurants 
and Sushi bars. The low catches and high 
value create potential for C. griseus aquaculture 
(Nakagawa and Miyashita 2008). However, C. 
griseus larvae have small mouths at first feeding 
and there are no reports of successful larval rear
ing (Nakagawa and Miyashita 2008). A prelimi
nary rearing study found C. griseus larvae could 
not ingest selected rotifers of 64 - 137 fJ. m size 
as primary food but ate micro-sized plankton (20 

- 64 fJ. m) from natural plankton at first feeding 
(N akagawa and Miyashita 2008) . 

Received 22 November 2010; Accepted 18 January 2011. 

The structure and action of the mouth appa
ratus constrains larval feeding; the action of 
upper or lower jaws affects feeding mechanism 
and capture ability (Yasuda 1960; Shirota 1970), 

and mouth width is a good indicator of the prey 
size a larva is capable of ingesting (Yasuda 
1960; Hunter 1981; Cunha and Planas 1999; 

Sabates and Saiz 2000). Information on mouth 
morphology and development during larval 
growth is required to develop suitably sized 
food for small-mouthed larvae (Lee 2001). 

Trochophore larvae of the Pacific oyster are 
approximately 50 fJ. m, slow, free-swimming 
larvae (Delbare and Dhert 1996). They were 
used as primary food for fish larvae in Japan 
before the development of rotifer cultivation 
(Fushimi 1975) and may be suitable for small
mouthed fish larvae. In the present study, 
larvae of C. griseus were fed with trochophore 
larvae of the Pacific oyster and C. grise us 
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mouth size, (mouth width, upper jaw length and 
mouth height) recorded daily. This data pro
vides insight into the feeding ecology of early 
G. griseus larvae and the development of larval 
rearing techniques for small-mouthed larvae. 

Materials and Methods 

Larval rearing 
About 0.1 million fertilized G. grise us eggs 

(0.76 ± 0.02 mm in diameter) were collected 
from a 60-kl broodstock tank (male, n=4; female, 
n=7, mean±SD=1,120±113 g) on 2 June 2006 
at the Fisheries Laboratory, Kinki University 
(FLKU). The hatching rate was 87.2% and 
larvae were reared in a 1-kl cylindrical polycar
bonate tank between 3 June and 3 July 2006 (30 
days after hatching; 30 DAR) at FLKU (Table 
1). A 12-h light cycle photoperiod (6: 00 -
18: 00) was maintained using fluorescent light. 
From first feeding, 3 DAR, to 14 DAR larvae 
were fed trochophore larvae of Pacific oyster 
at 6:00 and 15:00 at a density of 1,000 and 500 
trochophores/ mi. Pacific oysters were collected 
from the port of FLKU and trochophore larvae 
with diameter of 50.2 ± 2.4,um obtained via arti
ficial fertilization using the method of Delbare 
and Dhert (1996). Between 11 and 18 DAR, 
larvae were fed S-type rotifers (Brachionus 
plicatilis sp. complex), sieved through a 74- ,u m 
mesh, collected on a 40- ,u m mesh and enriched 
with Marine Gloss (Nisshin Marine Tech Co., 

Table 1. Rearing conditions of Gymnocranius griseus 

Conditions 

Experimental period 
Tank volume (1) 
Number of eggs (eggs/tank) 
Rearing days (days after hatching) 
Water temperature (,C) 
Dissolved oxygen (mg/!) 
Photoperiod (h) 
Illuminance (Ix) 
Water exchanging ratio (%/ day) 
Feeding period (days after hatching) 

NamlOchloropsis oculata 
Trochophore larvae of Pacific oyster 
Rotifer with <40 - 74 fJ. m 
Rotifer with 118 fJ. m 

Density of N. oculata (cells/11l!) 
Density of trochophore larvae (jnd/11l!) 
Density of rotifer with <40 -74 fJ.m (ind/11l!) 
Density of rotifer with <118 fJ. m (ind/11ll) 

3 June-3 July 2006 
1,000 

1.0 x 105 

30 
23.7 -25.6 

5.25 10.29 
6:00-18:00 
2,140-3,580 

0-250 

3-30 
3-14 
11 18 
18-30 

5.0 x 105 

500,1,000 
10 
10 

Ltd., Japan) to enhance n-3 highly unsaturated 
fatty acids, at 7:00, 10:00, 13:00 and 15:00 to 
maintain a density of 10 rotifers/ mi. From 18 
DAR, larvae were fed rotifers, sieved through a 
118- ,u m mesh and collected on a 40- ,u m mesh 
after enrichment with Marine Gloss at 7: 00, 
10:00,13:00 and 15:00 to maintain a density of 
10 rotifers/ml. Nannochloropsis oculata were 
added to the tank at 6:00,9:00,12:00 and 14:00 
to maintain a density of 5.0 x 105 cells/mi. From 
3 DAR, water exchange was started and their 
ratios were from 30% to 250% of tank volume/ 
day during the experimental period. 

Larval measurement 
Twenty larvae were collected from the larval 

tank in a 1-1 beaker, transferred to a glass slide 
and body length and mouth size were mea
sured by microscopy. Standard length (SL) 
from hatching and upper jaw length (UJL) from 
mouth opening of 20 larvae were measured 
daily until 20 DAR and every 2 days thereafter. 
Mouth width (MW) was also measured daily 
from mouth opening to 17 DAR. After 17 DAR, 
MW was not measured as larvae could not be 
placed on a glass slide. MW was measured with 
the larva in a dorsal position, at the point where 
both lips meet (Cunha and Planas 1999). Mouth 
height (MH) , gap of the larval jaws, was cal
culated, assuming that the mouth opens to an 
angle of 90° during prey capture (Shirota 1970). 
The growth rate, g (mm/day), in SL from the 
onset of feeding to 30 DAR was estimated using 
the following equation: 

g == (In Wd30 - In Wd3) / t, 

where In Wd30 - In Wd3 is the increase in SL of 
larvae between 3 and 30 DAR, and t is the time 
required, 27 days in the present study. 

Statistical analysis 
The differences between UJL and MW of 

larvae at each SL measured were tested by 
Mann-Whitney test using Stat View statisti
cal software (SAS Institute, Cary, NC, USA). 
Results were considered significant at P < 0.05. 
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Results 

The mean SL of C. griseus is shown in Fig. 
1. SL (mean ± SD) of C. grise us was 1.65 ± 

0.06 mm at 1 hour after hatching and 2.57 ± 

0.06 mm at 3 DAR. At 3 DAR, 95% larvae were 
found to have trochophore larvae in the diges
tive tract. At 6 DAR, larvae were 2.60 ± 0.06 mm 
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Fig. 1. Changes in the mean standard length (mm) from 
hatching to 30 days after hatching. Vertical bars show stan
dard deviations. 
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Fig. 2. Relationship between upper jaw length (closed 
circle, ,u m), mouth height (open circle, ,u m) and stan
dard length (mm) from hatching to 30 days after hatching. 
Vertical bars show standard deviations. 
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Fig. 3. Relationship between upper jaw length (closed 
circle, ,urn), mouth width (open circle, ,urn) and standard 
length (mm) from 3 to 17 days after hatching. Vertical 
bars show standard deviations. Different letters represent 
significant difference between UJL and MW at each SL of 
larvae. 

and the oil globule was completely absorbed. At 
17 DAR, larvae were 3.93 ± 0.30 mm SL and had 
developed maxillae. At 28 DAR, larvae were 
5.27 mm SL of 28 DAR and began flexion stage. 
The growth rate in SL from onset of feeding to 
30 DAR was 0.028 mm/ day. 

MH at mean 2.57 mm SL of 3 DAR was 216.8 
± 13.6 fJ. m and MW was 227.2 ± 16.8 fJ. m (Figs. 
2, 3). At mean 3.93 mm SL of 17 DAR, MH was 
476.9 ± 157.6 fJ.m and MW was 281.3 ± 41.2 fJ.m, 

respectively (Figs. 2, 3). UJL and MH increased 
gradually until mean 3.67 mm SL of 16 DAR 
and then more rapidly to until mean 5.54 mm 
SL of 30 DAR (Fig. 2). UJL was significantly 
smaller than MW until mean 2.84 mm SL of 
8 DAR (Fig. 3). After 8 DAR, there were no 
significant differences between UJL and MW, 
exceptfor at 11 DAR (mean SL 3.08 mm). 

Discussion 

In the present study, we found C. griseus was 
able to eat small trochophore larvae by 3 DAR. 
These larvae are smaller than standard feed 
rotifers fed to many aquaculture species. As C. 

griseus grew, the relative sizes of MW and UJL 
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changed, such that by 17 DAB, larvae were 
capable of ingesting prey of selected rotifers 
sieved through a 74- fJ. m mesh. 

MW is a good indicator of the prey size a 
larva is capable of ingesting (Yasuda 1960; 
Hunter 1981; Cunha and Planas 1999). In many 
fish larvae, UJL is longer than MW (Cunha 
and Planas 1999), but when MW is larger than 
UJL, the function of the upper jaw may limit 
prey size. For example, in Japanese anchovy 
Engraulis japonica larvae less than 18 mm TL, 
the UJL < MW and UJL= MW, small larvae 
could not ingest prey items and only fed on 
small prey (Yasuda 1960). Red spotted grouper 
Epinepelus akaara larvae are the same size, 1.8 
to 2.0 mm TL at onset of first feeding (Kayano 
1988). In this species, UJL was equal to MW 
at around 2.6 mm TL, where prey size in the 
digestive tract changed to larger (Kayano 1988). 
Yasuda (1960) found the capture ability of fish 
larvae changed with MW and 'UJL: when MW 
was longer than UJL (MW > UJL), the capture 
ability of larvae was lower than when UJL was 
longer than MW (UJL> MW). 

In the present study, MW was significantly 
longer than UJL until larvae grew to 2.8 mm 
(8 DAB). Thereafter there was no significant 
difference between MW and UJL. The relative 
development of jaw morphology indicated by 
changes in MW and UJL may influence capture 
ability for different sizes of prey. In a prelimi
nary rearing study, C. grise us larvae < 5 DAB 
were unable to ingest rotifers, 65 - 137 fJ. m 
width, and rearing failed (unpublished data). 
When plankton collected from surface waters 
in FLKU port were fed to C. griseus larvae from 
3 DAB, larvae ingested a range of organisms 
from flagellates 11 fJ. m equivalent spherical 
diameter (ESD) to bivalve larvae 64 fJ. m in 
ESD and chain-forming diatoms (Nakagawa 
and Miyashita 2008). Nakagawa and Miyashita 
(2008) found that larvae preferred plankton 
>30 fJ. m, mainly dinoflagellates, naked ciliates 
and tintinnids. These planktonic species are 
slow-moving or immobile compared to larger 
zooplankton species, such as rotifers and copepo
dites. Taken together, these results suggest 
mouth morphology limits the capture ability of 

early larval C. griseus compared to later stages or 
other species of fish larvae in which UJL > MW. 

Shirota (1970) suggested that average mouth 
height (AM H) of larvae is 50 75% of MH, 
assuming an opening angle between upper and 
lower jaws of 90° and this limits the size of food 
that larva can ingest. This implies the AMH of 
C. griseus larvae at onset of feeding was 114-
170 fJ. m (53 - 78% of MW). C. grise us larvae 
did not ingest sieved rotifers 65 - 137 fJ. m but 
did ingest, survive and grow when fed trocho
phore larvae 50 fJ. m. At 3 DAB, the size of a 
trochophore larvae was 23% of MW and 22% 
of MH. The difference in prey size predicted 
by Shirota's assumption (Shirota 1970) and 
observed ingestion may arise from morphol
ogy limitation such as calcification of the head 
bones. Not all larvae are able to open jaws to 
90° and opening angle may differ according to 
developmental stage and species (Cunha and 
Planas 1999). 

As development proceeds, feeding capability 
changes. By 11 DAB, there was no significant 
difference between MH and UJL. Some roti
fers were found in the digestive tract of larvae 
from 11 DAB, when feeding of selected rotifers 
commenced, but the growth rate to 30 DAB 
was slow, 0.028 mml day. For the commercial 
production of C. griseus, a primary food of slow
moving or immobile food particles about 50 fJ. m 
in size that can be cultivated easily on a com
mercial scale is required. While trochophore 
larvae have potential as primary food, further 
information on trochophore nutritional quality 
and the requirements of C. griseus larvae is nec
essary to assure reliable larval culture. 

Wullur et al. (2009) found larval survival was 
higher when seven-band grouper (Epinephelus 
septem/asciatus) larvae, which also have small 
mouths, were fed with a minute monogonont 
rotifer Proales similis as a primary food than 
when fed SS-type rotifer. The mean body width 
of P similis was 40 fJ. m and the swimming 
speed this species may be slower than other 
SS-type rotifer (Wullur et al. 2009). Given C. 
griseus morphological characteristics, P similis 
may also be suitable as a primary food for this 
species. The present trial is a milestone in the 
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development of rearing techniques for small
mouthed fish larvae, such as C. griseus. 
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