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ABSTRACT 

High rates of body deformities is one of the most challenging problems in fish culture and is a common source of 
downgrading the product value of commercially raised fish. The aims of this study are explore the effects of 
xenic and axenic  rearing conditions on the seabass larvae and check whether the rearing condition has a different ef-
fect as larvae grow older. The larvae of seabass larvae, Dicentrarchus labrax L. (Teleostea, Moronidae), were reared 
under  xenic and axenic rearing conditions up to fourteenth day after hatching (DAH). The size and shape were 
analyses for specimens of three age groups: DAH zero, four and 12. The growth comparison was done based on 
length measurements. For specimens of DAH zero and four, the total length, gut length, predorsal fin length, yolk 
sac length and height were measured. For specimens of DAH 12 the total length, standard length, gut length, dorsal 
fin fold length and height, anal fin fold length and height, preanal fin fold length, predorsal fin fold length, eye 
diameter, head height, hind gut length and notochord diameter were measured. The average measurements for 
these metric variables were lower in axenic specimens than xenic ones suggesting better performance in xenic treat-
ment.  The variations in body shape were studied and quantified using geometric morphometrics. The results showed 
significant differences in shape between the xenic and axenic specimens at all age groups. Thus, the importance of lar-
val rearing conditions in determining seabass shape and quality is evident.
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INTRODUCTION 
The seabass, Dicentrarchus labrax, Linnaeus 1758, 
is primarily marine fish that sometimes enters brack-
ish and freshwaters, tolerating wide range of envi-
ronmental conditions: eurythermic (5-28°C) and eu-
ryhaline (3‰ to full strength sea water). Historically 
it was cultured in coastal lagoons and tidal reservoirs 
before the mass-production of juveniles started in 
the late 1960s (FAO, 2007). Of all non-salmonid 
species, the seabass was the first marine species to 
be commercially cultured in Europe and at present 
it is the most important commercial fish widely cul-
tured.

The high rates of occurrence of body deformi-
ties is one of the most challenging problems  
in fish culture and are a common source 

of downgrading the product value of  
commercially raised fish (Sfakianakis et al., 2006; 
Verhaegen et al., 2007). Various sources of body de-
formities have been identified: pollutants (Bengtsson 
et al., 1988; Nguyen and Jansen, 2002), temperature 
(Polo et al., 1991), water currents (Divanach et al., 
1997), nutrition (Dedi et al., 1995; Takeuchi et al., 
1998; Haga et al., 2002), diseases (Breinholt and 
Heckmann, 1976), and genetics (Campbell, 1995). 
In general, according to Sfakianakis et al. (2006) 
they develop due to the lack of sufficient knowl-
edge on the optimum environmental requirements 
of fish at the different stages of their life. Despite 
the impressive progress made in the rearing methods, 
nutrition and disease control, morpho-anatomical ab-
normalities continue to affect the hatchery produc-
tion (Koumoundouros et al., 2002, Koumoundouros 
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et al., 2004, Planas and Cunha, 1999, Boglione et al., 
2003, Cahu et al., 2003 and Sfakianakis et al., 2004). 
They mainly develop during the early life history of 
fish, and can affect external morphology, surviv-
al, growth rate, behavior and finally production 
cost and effectiveness of the   hatcheries (Divanach 
et al., 1996, Koumoundouros et al., 1997).

This study was intended to explore the effects of xen-
ic and axenic rearing conditions on the seabass larvae 
in order to reveal the impact of these on the shape of 
the fish. Moreover, it was designed to see whether 
the rearing condition has a different effect as larvae 
grow older. 

MATERIALS AND METHODS
Rearing conditions
Eggs were brought from Gravelines, France in 
big plastic bag and transferred to 20 liter tank.  
In this tank, the eggs were acclimatized and portion 
of the eggs were disinfected (3 minutes in 100 ppm 
gutaraldehyde, 2400 eggs/L) for axenic set ups, so 
at this point there were xenic and axenic eggs. The 
disinfected ones were stored in incubation bot-
tles for axenic rearing and the remaining eggs 
were kept in 20 liter tank for xenic treatment. From 
each treatment, 2 x 96 eggs are individually stored 
in two 96 multi-well plates: for this, eggs from one 
incubation bottle are taken. In this way, all eggs 
are exactly in the same medium, thus reducing 
the variation within a treatment. The eggs that re-
mained in the tank are kept in a 20 L tank. The 20 L 
tank with UV sterilized water at 16°C was put on 
top of table for continuous flow-through and the 
tank was refilled several times a day. Microbiology 
test was done on samples 24 hrs after disinfection. 
This is performed on thirty eggs taken from the first 
eight bottles of incubation, homogenised and plated. 
To check tubes for contamination, a sample of one ml 
was taken from each incubation bottle and added to 
a sterile tube containing 9 ml marine broth (10%). 
After third day of incubation, the eggs hatched and 

stocking was done as of three o’clock in the morn-
ing of this day.

The larvae were reared under two setups: axen-
ic and xenic. Twelve larvae from each axenic,  
i.e. the larvae from the disinfection, and xe-
nic were stocked in vials containing 10ml of  
sterile seawater. Xenic larvae are taken from 
the tank. Axenic larvae are taken from bottles.  
From each bottle that is used for stocking the lar-
vae in the vials, 10 larvae were homogenised  
and plated on 10% marine agar (MA) to check 
for axenity. The larval rearing continued up to  
the 14th day.

Samples 
A total of 45 samples were taken for each sampling 
dates. The larvae were   anaesthetized with Tricaine 

methanesulfonate, (TMS or MS-222) and kept in 8% 
formalin. After  72 hours the specimens were trans-
ferred to 70% ethanol for storing.

Image acquisition 

Images were taken using the following procedures:

The specimen was taken with plastic dropper and 
placed on a glass slide prepared for this purpose by 
applying hot wax with the use of metal frame heat-
ed by Bunsen flame (Figure1). The specimen was 
washed three times with distilled water while it was 
on the slide. To this slide with the specimen, a drop 
or two of 1.6% alizarin solution was added and 
gently shacked for staining. This was washed three 
times again with distilled water to remove the re-
mains of alizarin. At this time the right positioning 
of the larvae was checked under a light microscope 
and nail polish applied to it to fix the position. The 
specimen stained with alizarin and fixed with nail 
polish was placed in a series of baths starting from a 
bath of distilled water to the baths of glycerin at four 
different concentrations (i.e. 25%, 50%, 75% and 
100%) for 30 minutes in each. At the end of bathing 
period, drops of 100% glycerin were added to the 
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slides with stained and fixed specimen, and covered 
with cover glass by applying heat from a hot metal 
frame. Finally, images were taken with a digital 
camera (colorveiw 8 SIS) attached to a micro-
scope (Olympus 52x9) at 25X magnification with a 
lens of 0.5X magnification.

Length measurements 

For length measurements of specimens from DAH 
zero and DAH four, TpsDig software was used 
(Rohlf, 2012). For this software the tps file was cre-
ated by using tps file utility program. TpsDig was 
used for digitizing landmarks for geometric mor-
phometric analyses (Figure 2). For DAH 12 spec-
imens ImageJ software was used to measure the 
lengths. For specimens of DAH 0 and 4, five mea-
surements were taken (Figure 3): total Length (TL), 
gut length (GL), yolk sac length (YSL), yolk sac 
height (YSH), and predorsal fin length (PDL). The 
yolk sac size was calculated based on the formula of 
ellipse area.

For specimens of DAH 12, a total of 13 mea-
surements were taken (Figure 3) comprising  
the total length (TL), standard length (SL), gut 
length (GL), dorsal fin fold length (DFFL), anal 
fin fold length (AFFL), preanal fin fold length(PAF-
FL), predorsal fin fold length (PDFFL), eye diame-
ter (ED), head height (HH), hind gut length (HGL), 
notochord diameter (ND), dorsal fin fold height 
(DFFH) and anal fin fold height (AFFH).

For shape analyses the elliptic Fourier software 
was used (Iwata, 2010). This software extracts 
the contour shape from a full color bitmap image, 
delineates the contour shape with the elliptic Fou-
rier descriptors, and performs a principal component 
analysis for summarizing the shape information. The 
original JPG image contours were redrawn manually 
in corel draw and saved as bitmap file (Figure 4). This 
was done in order to prepare files for loading in ellip-
tic Fourier software so that appropriate contours were 
considered by the software.

The elliptical Fourier analysis was used to fit spec-
imen outlines. A PCA was performed for each new 
data set. The first three principal component axes 
were plotted against total length as majority of varia-
tion is explained by the first three PCs.

Statistical analyses 

The mean, standard deviation, minimum and 
maximum were calculated from original length 
data in mm. The original length data were convert-
ed to log transformed data in order to see the lin-
ear relationships between variables. The regres-
sion analyses were performed for log transformed 
length data to check for correlation and pattern of 
growth in the metric variables. The ANOVA and 
MANOVA were done to check for statistical vari-
ation between groups. The principal component 
analyses (PCA) were performed to see the pattern of 
variation that exists. The CVA scatter plot was given 
for lengths measurements to identify the measured 
variable that best explains the differences among the 
treatment groups.

RESULTS 

Growth analyses

While the total length of larvae increased by only 
17% in axenic treatments at day 12 post-hatching, 
the increase was up to 33% in xenic ones. The av-
erage value obtained for total length, gut length, 
yolk sac length and height are higher in xenically 
treated larvae whereas the average predorsal length 
was higher in axenically treated larvae at DAH 0 and 
4 (Table 1).  To test if these differences are statistical-
ly significant, an ANOVA was performed. Accord-
ingly, the axenic larvae have a significantly smaller 
total length (F1, 46 = 17.59, p <0.01), gut length (F1, 

46 = 37.89, p <0.01), yolk sac length (F1, 46 = 28.64, 
p <0.01), and yolk sac height (F1, 46 = 17.59, p 
<0.01). However, the predorsal length was signifi-
cantly higher in axenically treated larvae (F1, 46 = 
18.32, p <0.01).



88                 Eyasu Shumbulo Shuba et al.
Ta

bl
e 

1.
 M

et
ric

 v
ar

ia
bl

es
 m

ea
su

re
d 

(in
 m

m
) f

or
 la

rv
ae

 o
f d

ay
 0

 a
nd

 4
 a

fte
r h

at
ch

in
g

X
en

ic
A

xe
ni

c
D

A
H

0
D

A
H

4
D

A
H

0
D

A
H

4
M

ea
n

M
in

M
ax

M
ea

n
M

in
M

ax
M

ea
n

M
in

M
ax

M
ea

n
M

in
M

ax

To
ta

l l
en

gt
h

3.
67

 ±
0.

14
3.

37
3.

87
4.

39
±0

.3
5

3.
80

5.
10

3.
48

±0
.1

7
3.

22
3.

82
4.

35
±0

.1
1

4.
13

4.
55

G
ut

 le
ng

th
2.

02
±0

.0
8

1.
81

2.
13

2.
38

±0
.1

1.
99

2.
74

1.
86

±0
.1

0
1.

69
2.

02
2.

36
±0

.0
6

2.
23

2.
50

Yo
lk

 sa
c 

le
ng

th
1.

14
±0

.0
4

1.
06

1.
21

0.
44

±0
.0

6
0.

32
0.

55
1.

06
±0

.0
6

0.
93

1.
19

0.
38

±0
.0

3
0.

32
0.

43

Yo
lk

 sa
c 

he
ig

ht
0.

71
±0

.0
6

0.
58

0.
86

0.
37

±0
.0

7
0.

27
0.

48
0.

66
±0

.0
5

0.
51

0.
74

0.
33

±0
.0

3
0.

27
0.

38

Pr
ed

or
sa

l l
en

gt
h

0.
52

±0
.0

7
0.

44
0.

69
0.

44
±0

.0
4

0.
35

0.
50

0.
63

±0
.1

0
0.

46
0.

87
0.

45
±0

.0
3

0.
37

0.
51

D
A

H
=D

ay
s 

af
te

r h
at

ch
in

g

Ta
bl

e 
2 

. M
et

ric
 v

ar
ia

bl
es

 m
ea

su
re

d 
(in

 m
m

) f
or

 la
rv

ae
 o

f d
ay

 1
2 

af
te

r h
at

ch
in

g 
  

 
TL

SL
G

L
D

FF
L

A
FF

L
PA

FF
L

PD
FL

ED
H

H
H

G
N

D
D

FF
H

A
FF

H

xenic

av
er

4.
94

4.
73

2.
75

4.
33

2.
22

1.
88

0.
59

0.
29

0.
70

0.
45

0.
18

0.
30

0.
2

M
in

4.
56

4.
31

2.
51

3.
99

2.
05

1.
69

0.
51

0.
23

0.
62

0.
40

0.
15

0.
12

0.
2

M
ax

5.
26

5.
05

2.
92

4.
78

2.
41

1.
95

0.
63

0.
32

0.
80

0.
50

0.
21

0.
36

0.
3

SD
0.

20
0.

21
0.

12
0.

23
0.

11
0.

08
0.

04
0.

03
0.

06
0.

03
0.

02
0.

06
0.

0

Axenic 

av
er

4.
21

3.
91

2.
23

3.
53

1.
78

1.
46

0.
55

0.
27

0.
62

0.
31

0.
18

0.
19

0.
1

M
in

3.
79

3.
39

1.
94

3.
06

1.
50

0.
99

0.
48

0.
22

0.
52

0.
23

0.
15

0.
11

0.
1

M
ax

4.
64

4.
41

2.
47

4.
08

1.
97

1.
86

0.
73

0.
30

0.
69

0.
37

0.
22

0.
25

0.
2

SD
0.

24
0.

30
0.

19
0.

26
0.

13
0.

28
0.

07
0.

02
0.

04
0.

04
0.

02
0.

04
0.

0

TL
=T

ot
al

 le
ng

th
, S

L=
 

St
an

da
rd

 le
ng

th
, G

L=
 

G
ut

 le
ng

th
, D

FF
L=

D
or

sa
l fi

n 
fo

ld
 le

ng
th

, 

A
FF

L=
A

na
l fi

n 
fo

ld
 le

ng
th

, P
A

FF
L 

pr
e-

an
al

 fi
n 

fo
ld

, P
D

FL
=p

re
-d

or
sa

l fi
n 

le
ng

th
, E

D
=E

ye
 d

ia
m

et
er

, H
H

=H
ea

d 
he

ig
ht

, H
G

L=
H

in
dg

ut
 le

ng
th

, 
N

D
=N

ot
oc

ho
rd

 d
ia

m
et

er
, D

FF
H

=D
or

sa
l fi

n 
fo

ld
, A

FF
H

=A
na

l F
in

 F
ol

d



Ethiop. J. Sci. & Technol. 7(2) 85-92, 2014                                    89

At day 12 after hatching, axenic larvae have smaller 
average values (Table 2) for almost all metric vari-
ables measured.  The ANOVA test confirmed the sig-
nificant differences for all variables measured except 
for the diameter of eye (F1, 34 = 2.87, p > 0.01) and 
the diameter of  notochord (F1, 34 = 0.27, p >0.01).

The log transformed data of several metric variables 
over total length measurements of xenic and axenic 
specimens of DAH 4 were used for the purpose of 

 

A C 

B 
D 

A= xenic DAH 4; B= Axenic DAH4; C= xenic DAH12 and D= Axenic DAH12

Figure 1. Plot of log transformed data of some metric variables over total length measurements

(Figure 2) for length data for both DAH0 and DAH4 

reveals that the predorsal and yolk sac length are 

better discriminators between the xenic and axenic 

groups. But for day 12 after hatching total length, 

anal fin fold and hind gut length are better discrim-

inators between the two treatments as revealed by 

the CVA scatter plot (Figure 2).

comparison. The gut length exhibited a strong pos-
itive correlation (R2 = 0.85) with respect to total 
length in xenic larvae of day 4 after hatching but the 
case is not true for axenically treated larvae. In xenic 
specimens the gut growth exhibited isometric growth 
patterns with the slope of the regression line 0.89, 
whereas negatively allometric in axenic larvae. 
Other metric variables displayed positive allometric 
growth pattern (Figure 1) with total length in both 

treatments except the yolk sac height which is 
negatively allometric in axenic specimens (slope 
= -1.06).

The differences in the metric variables among 
the two treatments were statistically signifi-
cant in all age groups as tested by MANOVA 
(F1, 46 = 86.32, p < 0.01), (F1, 49 = 31, p < 0.01) 
and (F1, 34 = 501.1, p < 0.01) in DAH0, DAH4 
and DAH12, respectively. The CVA scatter plot 
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Analyses of shape

While most of the variations in shape within groups 
of treatments at day zero post hatching are observed 
at head region by folding upward or downward (Fig-
ure 3 A and B), in larvae of day four after hatching 
it involves variation in the height of the larvae fol-

lowed by the bending at the head region (Figure 4 C 
and D). In the age group of day 12 after hatching, 
PC1 reflects bending whereas PC2 larval height, 
with the bending being more prominent in axenic 
larvae (Figure 3 E and F)

 

DAH0 

DAH4 

DAH12 

Figure 2. The CVA scatter plot for metric variables of the specimens ( xenic = red: + and axenic  = blue: □)

 

A 

E 

B 

F 

C 

D 

Figure 3.  PC contours: A=DAH0-xenic, B=DAH0-axenic, C=DAH4-xenic, D=DAH4-axenic, 

E=DAH12-xenic, F=DAH12-axenic 
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DISCUSSION 

The average total length obtained in this study 
for xenic specimens were 3.67 ±0.14, 4.39 ±0.34 
and 4.94 ± 0.19 mm at day 0, 4 and 12 after hatch-
ing, respectively (the axenic ones are significantly 
lower than xenic). These values are slightly small-
er but comparable with previously reported total 
length. Saillant et al. (2001) reported the total length 
of 8-day-old larvae ranged between 4·73 and 5·26 
mm. Hatziathanasiou et al. (2002) reported a total 
length of 5.12 ±0.00 mm for a week old larvae after 
hatching; Anonymous (2004) about 4.5 mm at day 
2 after hatching (this same author reported 4 mm 
total length for seabream at day 4 after hatching). 
The relatively smaller total length observed in this 
study may be due to low quality parents. Saillant 
et al. (2001) reported that egg size and total length 
were subjected to the influence of the female. These 
authors also noted that fertilization, survival during 
incubation and hatching were positively correlated 
and strongly influenced by the female parent and the 
interaction between both parents of the seabass.

In all the three age groups considered in this 
study, the gut length showed a strong positive 
correlation with respect to total length, except 
for the axenic larvae of day four after hatching. 
The growth pattern is nearly isometric. The differ-
ence in growth pattern of gut length of axenic larvae 
of DAH four may be attributed to the relative low re-
sorption of yolk sac and concomitant low total length. 
The yolk sac size diminished successively as lar-
vae gets older age. These indicate the decrease in 
yolk sac size was also evident with increasing age as 
there is no exogenous feeding and the larvae depend 
on yolk sac as source of food at early stage of growth. 
This is in line with the Maneewongsa and Tat-
tanon (1982) hypothesis that the rate of resorp-
tion of the yolk is shown by decreasing diameter 
at older ages. According to Rønnestad (1998) the 
yolk is quickly resorbed during the embryonic and 
the early larval stages compared to later stages and 

95% is depleted by 100 hours post fertilization in the 
seabass. Thus, the yolk sac exhibited negatively allo-
metric growth pattern.

CONCLUSION 

Based on this study we conclude that the 
axenic rearing conditions render a better  
survival but a larger deformity (folding) in-
cidence of larvae. The folding of larvae is  
prominent at older age of axenically treat-
ed ones as indicated by the PCA contours. The  
egg quality is most important for larval 
quality. In this study the low egg quality is  
evident from the observed low hatching rate 
and, later low survival of larvae and has  
resulted in higher bending of larvae. We sug-
gest that the eggs are obtained from a single  
selected spawnners (not from wild as in this study) 
and same batch to compare the xenic and axenic 
conditions. Further investigations that consider 
more age groups from the same spawnners and the 
same batch is recommended to establish concrete 
knowledge about the effects of  axenic rearing con-
ditions on larval quality especially at later ages.
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