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Short Paper 

Addition of Niαnnochloropsis sp. 

to Pre-rearing Water Improves 
Survival of Yellow自nTuna 
Thunnusαlbαcαres larvae 

Gentoku NAKAsE1' *, Tomoki HoNRYo2, 

Liliana GuERRA3, Diana PERz3, Amado CANo3, 

Daniel MARGULIEs4, Vernon P. ScHOLEY4 and 

Yoshifumi SAWADA2 

Abstract: We reared yellow:fin tuna σFf) larvae and 

examined the effect of feeding with Nannochloropsis on 

YFT larval survival at two time intervals (Experiment-1 

and -2). Nannochloropsis cultures were added to rear-

ing water one day before rearing (Experiment) or three 

days after hatching (Control).百1eaverage number of 

YFT larvae surviving to 10 days in experimental and con-

仕oltanks was 246 ± 66 and 112 ± 45 in Exp. 1, and to 5 

days, was 837 ± 271 and 354 ± 178 in Exp. 2, respec” 

tivel手 Fromresults of these experiments, the addition 

of Nannochloropsis to pre-rearing water improved YFT 

larval survival. 

Key words: Larval survival; Nannochloropsis; Yellowfin 

tuna; Thunnus albacares 

Tunas are high-value aquaculture species. 

Consequently, particularly for bluefin加na,a variety of 

techniques have been developed to produce both artifi-

cial seedlings and juvenile stages of the lifecycle (Sawada 

et al. 2005). Nonetheless, mortalities such as surface ten-

sion death and sinking death syndrome are still serious 

problems in the production of加naseedling (Miyashita 

2002; Sawada et al. 2005; Takashi et al. 2006). Larval 

mor句litydue to infection by microorganisms, especially 

bacteria, is also a serious problem, particularly during 

the initial stages of rearing when bacterial numbers 

increase rapidly in the rearing water (N北aseet al. 2007; 

Attramadal et al. 2012). Larval mor凶ityoccurs when 

the microbial community in the rearing environment 
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becomes dominated by pathogenic bacteria. In order to 

prevent the proliferation of pathogenic bacteria in the 

rearing water, the composition of the bacterial commu-

nities must be controlled before the pathogenic bacte-

ria proliferate. 

Nannochloropsis is a phytoplankton・ 出athas been 

used extensively in artificial marine fish seedling pro-

duction, especially for the early larval stages. Several 

reports on the use of Nannochloropsis to control bac-

terial community s仕ucturehave been published to 

date; for example, Nannochloropsis has been shown to 

suppress the growth of防brioαnguillarumぐTaniguchi

et al. 2011). In traditional larval rearing systems, 

Nannochloropsis is typically fed to rotifers at and after 

出eonset of larval feeding, and it has been shown to 

stabilize both rearing water quality (Muller-Feuga 

2000) and bacterial community structure (Nakase et 

al. 2007）.百1eintroduction of Nannochloropsis to rear-

ing water before, as opposed to after, the beginning of 

larval rearing has been shown to be more effective for 

balancing bacterial communities in rearing wate工

We therefore investigated whether larval sur-

vival of YFT could be improved by the addition of 

Nannochloropsis to pre-rearing wate工 In addition, 

changes in the populations of Vibrio species in the rear-

ing water were also examined. 

We obtained YFT eggs from brood fish maintained in 

captivity at the Achotines Laboratory of Inter-American 

Tropical Tuna Commission (IATIC) in Panama. One 

day after hatching, YFT larvae were in仕oducedinto 

six 200 l tanks at a larval density of 20 individuals//. 

Nannochloropsis cultures were added to the pre-rearing 

water in three of these tanks (experimental tanks: E・1,

E-2 and E-3) one day before larval introduction. In the 

other three tanks (control tanks: C-1, C-2 and C・3),

the algal cultures were added at 3 days after hatching 

(DAH) on the first day of feeding.官1ealgal cultures 

were added to the rearing water every morning, such 

that 10% of the volume of仕1erearing tank (i.e. approxi-

mately 20 l), was added to the rearing tank after the 

same volume of water had been removed仕omthe tank. 

After addition of Nannochloropsis cultures, density of 

the algal cells in the rearing water was enumerated 
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(DO) and血esalinity of the rearing tanks were mea-

sured once a day using a stick thermometer, DO meter 

(550A, YSl/Nanotech Inc., Japan) and refractometer 

(MASTER－α，Atago Co., Ltd, Japan), respectively. We 

performed two experiments, which involved counting 

the numbers of surviving YFr larvae at 10 DAH (Exp. 

1) and 5 DAH (Exp. 2). Due to the circumstances of 

schedule and availability of facilities, Experiment 2 

was ended at 5 DAH.τbe number of total bacteria and 

Vibrio species were enumerated by the direct count-

ing method (Kirchman et al. 1986) and fluorescence in 

situ hybridization (FISH) (Amann et al. 1990; Cottrell 

and Kirchman 2000) with a Vibrio”specific GV probe 

(Giuliano et al. 1999). 

The average numbers of surviving larvae in仕iecon-

trol and experimental tanks were 112 ± 45 and 246 ± 66 

(average土 standarddeviation) in Exp. 1, and 354 ± 178 

and 837土271and in Exp. 2, respectively (Fig. 1）.τbe 

number of surviving larvae in the experimental tanks 

was significantly higher than that in the control tanks 

(Mann-Whitneyιtest, Pく0.05),implying that the addi-

tion of Nannochloropsis to仕iepre-rearing water signifi-

cantly improved the survival ofYFrlarvae. 

We are not sure whether the survival rate of YFr 

larvae obtained in this study was at the normal level. 

One of the reasons may be that there is very 1i仕le

information about the artificial production techniques 

for YFI. For example, not much is known about the 

rearing techniques of brood fish, thus there is room 

for improvement on egg quality.τbe counter measures 

against“surface tension death" and “sinking death 

syndrome" used for Bluefin加nawere also applied to 

YFr larvae. However, these measures can be improved 

to become more suitable for YFr larvae. Accumulation 

of further knowledge is necessary to improve仕ie

artificial production techniques for YFT. 

Previous studies have shown白atthe addition 

of Nannochloropsis cultures to larval rearing water 

improved larval feeding (Dhert et al. 2001) and 

stabilized water quality (Muller-Feuga 2000). However, 

the beneficial effects attributed to Nannochloropsis 

described in these studies are insufficient to explain 

the improved larval survival observed in the present 

study. In previous studies, Nannochloropsis cultures 

were added to the rearing water of control and 

experimental tanks at出esame time, i.e. these studies 

did not examine the effect of differences in the timing 

of Nannochloropsis addition. 

No differences in water temperature, DO and salin-

ity were observed between the control and experi-

mental tanks, and average values of 26.7℃， 97.8% and 

32 ppt (Exp. 1), and 26.5℃， 100.3% and 28 ppt (Exp. 

Exp.2 

Fig. 1. Number of surviving larvae at 10 DAH (A, Exp. 1）加d
at 5 DAH (B, Exp. 2). Open and solid bars indicate control 
(N.仰却ochloropsisculture added to rearing water at 3 DAH) and 
exp巴rimental(Nannochloropsis culture added to water before re訂ー

ing) tanks, respectively. Values shown are the average of three 
tanks (control: C-1, C 2 and C-3; experimental: E-1, E-2 and E『3).
Vertical bars show the standard deviation. The asterisk indicates 
a significant difference in number of survivors (Man-Whitney 
U-test;Pく0.05).

using a Thoma-type counting chamber. On the first 

day of the experiment, seawater was supplied at a rate 

of 100%/day for the duration of the experiment.τbe 

YFr larvae were fed rotifers enriched with omega-3” 

FUFA (Algamac 3050, Aquafauna Bio-Marine Inc., CA) 

from 3 DAH, and rotifer density was maintained above 

5 individuals/ml. Water tempera加re,dissolved oxygen 
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Table 1. Number of Na仰 ochloropsiscells in control and 
experimental tanks during the experimental period 

Exp.l E-1 E-2 E-3 C-1 C-2 C-3 

Average 1.1 1.2 1.2 1.1 1.1 1.1 

Min. 0.8 0 .. 8 0.7 0.7 0.8 0.7 

Max. 1.7 2.0 1.7 1.9 1.7 1.7 

Exp.2 E-1 E-2 E-3 C-1 C-2 C-3 

Average 1.5 1.4 1.1 1.4 1.3 1.3 

Min. 0.8 0.8 0.7 1.1 1.1 1.2 

Max. 2.4 2.0 2.1 1.7 1.5 1.4 

*Values show average, maximum and minimum numbers of 
Nannochloropsis in each tank (xmillion cells/ml), E-1, E-2 and 
E-3: Experimental tanks, C-1, C田2and C-3: Control tanks. 
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Fig. 2. Changes in total bacterial numbers in rearing water in 
Exp. 2. Open symbols indicate仕ietotal bacterial numbers in 
control tanks, i.e. C-1 (circle), C 2 (triangle) and C-3 (square) 
(Nannochloropsis culture added to rearing water at 3 DAH). 
Solid symbols indicate the total bacterial numbers in experi-
mental tanks, i.e. E-1 (circle), E-2 (triangle) and E-3 (square) 
(Nannochloropsis culture added to water before rearing）.百ie
values are average numbers counted in ten microscopic fields. 
Vertical bars show the standard deviation. 

2) were obtained, respectively. Average densities of 

Nannochloropsis cells ranged from 1.1 million to 1.5 mil-

lion cells/ ml during the experimental periodσable 1), 

and no significant differences were observed between 

the experimental and control treatments. None of these 

physicochemical parameters influenced the survival of 

YFrlarvae. 

Total bacterial numbers increased rapidly and changed 

similarly in both experimental and control tanks, with 
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Fig. 3. Changes in the proportion of bacterial cells labeled with 
the GV probe to total bacteria; GV is a Vibrio-specific oligonucle-
otide probe. Open symbols indicate the relative proportions of 
bacteria in the control tanks, i.e. C-1 (circle), C-2 （仕iangle)and 
C-3 (square) (Na抑制chloropsisculture added to water before rear 
ing). Solid symbols indicate the relative proportions of bacteria 
in experimental tanks, i.e. C-1 (circle), C-2 (triangle) and C-3 
(square) (Nannochloropsis culture added to water before rearing). 

numbers in the order of 105 cells/ ml measured by 4 

DAH (Fig. 2). The relative proportion of Vibrio spe-

cies to the total bacteria in the experimental tanks was 

lower than that in control tanks at 1 and 2 DAH (Fig. 

3). The most likely explanation for this observation is 

that Nannochloropsis cultures affected the community 

structure of bacteria. For example, it has been reported 

that Nannochloropsis suppresses the growth of阿brio

species (Sharifah and Eguchi 2011; Taniguchi et al. 

2011), and similar growth suppression effects due to 

the presence of other phytoplankton species have been 

reported elsewhere (Grossart et al. 2005; Jasti et al. 

2005). Since the proliferation of Vibrio species is known 

to increase larval fish mortalityσoranzo et al. 2005; 

Sandlund and Bergh 2008), suppressing the growth 

of Vibrio species in rearing water by the addition of 

Nannochloropsis may account for the improvement in 

YFr larval survival observed in this study. 

The :findings showed that the addition of 

Nannochloropsis cultures to pre-rearing water improved 

the survival of YFr larvae.τbis technique is consid-

ered to be suitable for other tuna species and may 

improve larval survival in artificial tuna production sys-

te江lS.
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