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Abstract

The effects of two different continuous photoperiegimes on survival, growth and
swim bladder inflation of pre-flexion yellowfin tan(Thunnus albacares) larvae were
investigated. Each photoperiod regime was testarktwith a different larval cohort to
confirm the observed results. Trials 1 and 2 tegedeffect of a reduced night-time
light intensity (10 umolesi®sec' = 30% of the daytime intensity) and found that thos
larvae reared for 8 days under the 24 hour lightg#gL) photoperiod exhibited a slight
improvement in survival compared to those rearedeutthe control photoperiod of 12
hours light (12-L); however these improvements wesesignificant. In addition, those
larvae reared under this photoperiod regime weualdq length to those in the control.
Trials 3 and 4 compared the same variables in éamgmred under a continuous
photoperiod (24-L) with a constant light intensitf 30 umolesn?sec’, against those
reared under the aforementioned 12-L photoperiagtvial of larvae under the
continuous photoperiods were 9 + 1% (n = 2) andc @ (n = 3) for Trials 3 & 4,
respectively, compared to less than 1% in bothrobmteatments; differences that in
both cases were highly significant. In additionbioth trials larvae cultured under the
24-L photoperiod were significantly larger and dsted more advanced development
than those reared under the 12-L photoperiod, hewswim bladder inflation was
significantly lower. We suggest that the improvedvésal and growth achieved under a
continuous photoperiod is due to the extended fogadime combined with the

prevention of mortality caused by night-time sirkin
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inflation.

1. I ntroduction

The global demand and subsequent production ofttasancreased exponentially over
the last 50 years (Miyake et al., 2004). Approxiehat32,000 MT of tuna marketed
worldwide are now ranched; a process that invotiescapture and fattening of wild
caught juveniles or sub-adults (Lioka et al., 206@rwell, 2001). The consequent
pressure on wild stocks is now threatening tunaefies worldwide, with some
populations considered to be at the limits of Soatality, or overfished (Williams,
2007; Safina and Klinger, 2008; FAO, 2009). Thealtotield of tuna able to be
produced via ranching is also limited via the queastrictions placed on wild caught
fish. In order to alleviate the pressures on wiidat stocks; to overcome the constraints
associated with ranching and to satisfy the growdegnand for tuna, hatchery
techniques for tuna must be developed. Major psmyieas recently been reported
regarding reproduction, larval rearing and fingeglproduction of Pacific bluefin tuna
(Thunnus orientalis) in Japan (Normile, 2009). In addition, progress been reported
regarding spawning of wild bluefin tuna broodstaskwell as the rearing of their larvae
in Australia and Europe (Mylonas et al., 2007; Hiirtson, 2009). Despite research
efforts on tuna hatchery production for three desaith many countries, commercial
scale production is yet to become reality, withvaial rates of <0.5% to weaned

juveniles typical for most tuna species (Sawad#.eP005; Margulies et al., 2007).



The first feeding stage of all marine fish larvaeone of the most critical and high

mortality is often experienced during this stagethleir review of the constraints to tuna
larval rearing, Sawada et al. (2005) listed mastaduring the first 10 days as one of the
major limiting factors to mass culture and recomdezhfocused research on this issue

as a high priority.

Mortality of first feeding marine fish larvae hasdm attributed to factors including a
poor transition from lecithotrophy to exotrophy [y 1989); an inappropriate size
and/or nutritional composition of feeds (Koven dt, al992) or inappropriate

environmental conditions (Takashi et al., 2006)y kavironmental parameters to be
considered for effective larval rearing include parature and salinity (Fielder et al.,
2005), the microbial environment (Harboe et al94)%nd factors including turbulence,
light intensity, light quality and photoperiod (Bdeand Le Bail, 1999; Utne-Palm and
Stiansen, 2002). Optimising photoperiod, for examphas been demonstrated to
improve the performance of many species of marisie farvae (Tandler and Helps,
1985; Duray and Kohno, 1988; Trotter et al., 2008)wever, there appear to be no
such published studies on tuna larvae. Lighting, Insvever, been shown to be of
major importance in preventing high night-time natities caused by poor scotopic
vision in early juvenile (30 DPH, 5 cm total leng®acific bluefin tuna (Ishibashi et al.,

2009).

These trials were conducted to determine if a colotils photoperiod would benefit the
survival and growth of early stage yellowfin tuffdnnus albacares) larvae. In order

to ensure the results of the experiment were nafotmded by the physiologically



stressful event of flexion, the trial was conducted pre-flexion larvae. Two sets of
trials were conducted. The first investigated atiomous photoperiod, but with a
reduced intensity during the 12 hour night phadei)sivthe second set investigated a
continuous photoperiod with equal light intensityridg both night and day phases. To
confirm the observed results, each trial was cotetldwice with separate larval

cohorts.

2. M aterials and Methods

Larvae for each trial were sourced from a singlawspng of eggs from naturally

spawning yellowfin tuna broodstock at the Inter-Aio@n Tropical Tuna Commission’s
(IATTC) Achotines Laboratory in Los Santos Provindgepublic of Panama. For
details on the broodstock system and the manageofighese fish, refer to Wexler et
al. (2003). Harvested eggs were incubated in 289 lconical bottom tanks and
hatching occurred after ca. 24 hours. Consistetit ather published data on yellowfin
tuna development, the day of hatching in this papeeferred to as Day 1. On Day 2,
pre-feeding yolk-sac larvae were randomly stocketd i1000-litre, cylindrical, flat-

bottom tanks (1 m diameter and 1 meter deep) witturaber of replicated tanks per
treatment (see Table 1). Larvae (2.47 + 0.05 mroaiaird length; NL) were stocked at
a density of 15 larvae litttand reared using the standard larval rearing pobto

employed by the IATTC (Margulies et al., 2007). Tptleotoperiod regimes tested in
each trial are outlined in Table 1. All control ksnoperated under the standard
photoperiod of 12 hours per day (6 am to 6 pm),levtiiose in the treatment tanks

received light for 24 hours per day. Treatment $ankre screened from control tanks to



ensure no incident light fell on the control tarksing their dark phase. Each tank was
illuminated with 4 x 40 W fluorescent lamps (Gendtéectric, Daylight F40D-EX),
suspended 300 mm from the water surface. Surfaght liintensity was
30 pmolesnsec (Li-Cor, LI250) (ca. 2,300 lux). The reduced lighitensities
employed during the night phase in the treatmemkgaf Trials 1 & 2 were achieved
by covering the lights with shade cloth, which reeld the light intensity to
10 pmolesn?sec* (ca. 760 lux). Aeration in all tanks was providsdfour, fine-bubble
diffusers equally spaced across the tank baserdtbeof aeration was set to achieve the
optimum microturbulence for early feeding yellowfima larvae (1 — 2.4 x Fon?sec®

as an energy dissipation rate) by setting the rheamontal velocity of a surface drogue
to 5-7 cm se¢(Kimura et al., 2004). Water temperature, dissolesgigen, pH and

salinity were measured in each tank three timesliagr

Rotifers enriched on Algamac 3050 (Aquafauna Bicdhe Hawthorne, California)
were maintained at a density of 5 thin all tanks throughout the trials. All tanks
(including controls) were sampled every 6 hours amidiched rotifers added as
necessary to maintain this density. Water flowedugh the tanks via a 200 pm screen
at the turn-over rate of 200% dayAt this larval stocking density and flow rategth
removal of rotifers from the tank was dominatedfloghing rather than ingestion and
residual rotifer numbers were subsequently siniflaall tanks at 1-2 mt prior to the
next feed. SufficientNannochloropsis oculata was added by continuous siphon to

maintain a cell density between 0.5 and 1.0 %c#lls mL™.



Trials 1 and 2 were terminated on Day 8 and TBadéd 4 on Day 9. At the conclusion
of each trial, all tanks were drained and all renmay larvae counted. Twenty larvae
from each tank were sampled. Notochord length waasured to 0.05 mm under a
stereo microscope using a calibrated eye piecé&cglatand the presence or absence of
a swim bladder was noted. Flexion was deemed ta@dmmencing if signs of a

developing caudal fin were evident under the natoth

Survival, notochord length, percentage incidencevaim bladder inflation, percentage
incidence of the commencement of flexion and theraye daily values of each
measured water quality parameter were comparedeleetwreatments with one-way
analyses of variance. Percentage data (survivam $Madder inflation and pre-flexion

rates) were arcsine transformed prior to analysisceported errors are standard errors
around the mean values and statements of significagfer to the 0.05 level, unless

otherwise stated.

3. Results

In each trial, there were no significant differen@e any of the measured water quality

parameters between the control and photoperiotiierds (Table 2).

In Trials 1 and 2, larvae reared under continudwsqgperiods displayed survival rates
that were slightly higher than those of their mxdjve controls (Table 3) , however in
both cases these improvements were not signifir@.05). Those reared in Trial 1

achieved 2.3 + 0.6% survival in the treatments Bdt 0.6% in the controls, whilst in



Trial 2 survival was 0.2 £ 0.1% and 0.1 + 0.1%he treatments and controls,
respectively. Final notochord length of larvadath experiments was equal between
treatments and controls (4.59 + 0.05 and 4.59 & thin, respectively for Trial 1 and
4.00 + 0.27 and 3.97 + 0.07 mm, respectively fioall2) (Table 3). No measurements

of the onset of flexion or swim bladder inflatiorg made during these two trials.

Increasing the night-time light intensity to matblat of the daytime intensity in Trials 3
and 4, resulted in significant improvements in ésurvival. Larvae in the treatment
tanks of Trial 3 had a survival of 8.9 = 0.8% comgghwith 1.0 + 0.3% in the control
(Table 3); a difference that was highly significéat= 0.01). Similarly, survival of
larvae reared under the continuous photoperiodiad # was 10.4 + 1.9%, whilst the
mean survival in the control treatment of this ekpent averaged 0.2 £ 0.1%; a
difference that was again highly significant (PG8&)(Table 3). In contrast to Trials 1
and 2, larvae reared under the continuous photageri Trials 3 and 4 also experienced
significantly faster growth. Larvae cultured in @#-L treatment from Trial 3 had a
mean final notochord length of 5.1 + 0.1 mm comgaxéh 4.2 + 0.1 mm in the control
(P = 0.03) (Table 3). In Trial 4, treatment lanzaeraged 4.5 £ 0.2 mm, compared with
3.9 £ 0.1 mm in the control (P = 0.03)( Table ir€ident with improved growth,
larvae reared under continuous light were developatly more advanced. In Trial 3,
90 + 0% of those larvae reared under continuols higd commenced flexion by Day
9, compared with only 5 + 5% in the control tanRsQ.0006). Similarly, in Trial 4, 90

+ 3% of larvae in the treatment tanks had commeflegtn by Day 9 compared with

52 + 7% in the controls (P=0.006).



The continuous photoperiod employed in Trial 4 hagignificant detrimental impact on
swim bladder inflation (P=0.001). On Day 9, 10 * 0%arvae in the treatment tanks

had inflated swim bladders, compared with 50 + &%he controls.

4, Discussion

The results of this study demonstrate that progdaiontinuous light with an intensity of
30 pmolesnsec' significantly improves both survival and growthyafllowfin tuna
larvae. During food selectivity studies, Marguletsal. (2007) reported that larval
yellowfin tuna feed only during daylight hours, éoming that like most species they
are visual predators (Blaxter, 1986). We there&dtaebute the improved growth and
advanced development of larvae reared under canislight in Trials 3 and 4 to a
longer foraging time and subsequently greater fotake. Larvae reared under the
continuous photoperiod regimes of Trials 1 & 2 sbdwo improvement in growth,
suggesting that either the reduced night-time ligtit0 pmolesnsec* was below the
threshold of light required for yellowfin tuna la® to see and capture their prey or that
the level of ingestion of prey at this light leveds insufficient to offset any prolonged

activity of the larvae at this light intensity.

The positive correlation between larval growth andtinuous light and feeding appears
to be common amongst many species of marine fishyding sole $olea solea)

(Fuchs, 1978), gilthead seabredfafus auratus) (Tandler and Helps, 1985),

rabbitfish @ganus guttatus) (Duray and Kohno, 1988), barramundates cal carifer)

(Barlow et al., 1995), greenback floundBh@mbosolea tapirina) (Hart et al., 1996),
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Australian snappePagrus auratus) (Fielder et al., 2002) and Atlantic codgdus
morhua) (Puvanendran and Brown, 2002). Downing and Lit{&000) reported no
benefit to haddockMelanogrammus aeglefinus) larvae reared under continuous light,
however their control photoperiod of 15L:9D was siderably longer than most other
studies. There appears to be only one study inlwdaicextended photoperiod was
detrimental to the growth of a marine fish lanthe, sea breami(chosargus

rhomboidalis) (Dowd and Houde, 1980).

Despite the consistent, positive relationship betwehotoperiod and larval growth
described above for a wide range of species, fleetedn survival is more equivocal.
The majority of studies report no difference invéual between natural and extended
photoperiods (Fuchs, 1978; Barlow et al., 1995t idtal., 1996; Fielder et al., 2002;
Moustakas et al., 2004); however, a 24 hour ptestod had a detrimental effect on the
survival of European seabd3gcentrachus labrax (Barahona-Fernandes, 1979; Ronzani
Cerqueira and Chatain, 1991). Tandler and Help8)}l®uray and Kohno (1988) and
Trotter et al. (2003) all reported significanthygher survival under continuous light for
gilthead seabream, rabbitfish and striped trumpetspectively, although the gains in

survival were not as great as those reported loerngeflowfin tuna larvae.

The improved survival obtained in the 24 hour lightatments with continuous
intensity in this study may be attributable to @ajer number of larvae successfully
commencing feeding. Fielder et al. (2002) pointedl that prey capture is a learned
response, and extended photoperiods may therefokedp a greater opportunity for

first feeding larvae to learn this vital lesson.
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Alternatively, continuous lighting may have improveurvival by preventing negatively
buoyant larvae from sinking to the bottom of thektat night. Takashi et al. (2006)
pointed out that a major cause of mortality of yathge Pacific bluefin tuna larvae is
their tendency to sink to the tank bottom at nieyind showed that the density of larvae
increases with increasing age. Between Days 4 dhdsg larvae are denser than
seawater, even with an inflated swim bladder, amdgint when swimming ceases they
sink to the bottom of the tank and die. From Dagvim bladder volume of Pacific
bluefin tuna larvae greatly increases, which assiskeeping them suspended at night.
In addition, once the process of flexion is comgpl¢tie larvae become more efficient
swimmers and perhaps more adept at swimming avweay fine tank bottom. Regardless
of the mode, mortality due to sinking becomes psblematic from Day 8-9 (Takashi
et al., 2006). We believe that yellowfin tuna areikar to Pacific bluefin in this regard,
as mortalities are commonly seen on the tank boitotine early morning when reared

under the standard photoperiod.

The results of this study demonstrate that the nod@etion for the improved survival
of larval tuna from the provision of 24 hour lightdifferent to that for juvenile tuna.
Ishibashi et al (2009) reported that the improvwadisal obtained in juvenile Pacific
bluefin tuna in the 23 days post transfer from sattkseacages was due to the
prevention of collisions with the walls of the petn. Due to the inability of early larvae
to burst swim, lethal impact collisions with tankig is not believed to be a cause of

larval mortality.
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A continuous photoperiod had a negative impactwimsbladder inflation in the

current study. As discussed by Trotter et al. (200@ny physostomic fish larvae

inflate their swim bladder at the water surfaceankness and continuous lighting can
therefore inhibit this process. This appears ttheecase with yellowfin tuna larvae,
however swim bladder inflation in the control treant was also relatively poor.

Munday et al. (2003) pointed out that it is comnpoactice to place a layer of oil on the
surface of bluefin tuna larval rearing tanks dutting first 7 days to prevent larvae
getting trapped in the surface tension. This suggemay be possible for tuna larvae to
inflate their swim bladder after this time. It méngerefore be necessary to shift from a
24 hour photoperiod, to one with at least somergzsk once the larvae have passed the

negatively buoyant stage in order to allow swindblar inflation to occur.

Although Takashi et al. (2006) pointed out thattpperiod manipulation may be
effective in preventing mortality of tuna larvaeedw sinking, this appears to be the
first study to have investigated the effects obatmuous photoperiod on the larvae of
any tuna species. Previous trials conducted byAn&C at the Achotines Laboratory
have indicated variable patterns of larval growtt aurvival in response to extended
photoperiods (D. Margulies, pers. comm.). Givenhighly significant benefits to
growth and survival reported here using a 24 hewiog, further detailed investigations
into the use of extended photoperiods for tunahteacproduction are clearly
warranted. Additional research should confirm tredmof action of the improved
survival and whether continuing a 24 photoperiogbinel the pre-flexion stage remains

beneficial. More data are required to determineatimelow of opportunity for swim
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bladder inflation and to optimise photoperiod &gats to ensure the process of swim

bladder inflation is not compromised.
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Table 1. Photoperiod and light intensity investghin each trial.

Trial  Photoperiod Day Phase Intensity Might Phase Intensity n

{hours) (umoles m™sec™) (umoles m~sec™)

1 24-L 30 10 3
12-L 30 0

2 24-L 30 10 3
12-L 30 0

3 24-L 30 30 2
12-L 30 0

a 24-L 30 30 3

12-L 30 1]
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Table 2. Average daily water quality parameterS (E.) measured in each trial.

Trial Photoperiod  Temperature  Dissolved Oxygen pH Salinity
(hours) (*C) (mg/L) (g/l)
1 24-L 28.3810.69 6.25+0.01 8.2010.05 31L.36+t0.01
12-L 27.73t0.02 6.28+0.01 8.2510.05 31351001
2 24-L 27.11+0.05 6.58+0.02 8.1910.05 30.54+0.01
12-L 271210.02 £.56+0.01 8.20+0.05 30.54+0.01
3 24-L 27.34+0.02 6.36+0.01 7.9310.01 32.10+0.01
12-L 2744+0.01 6.32+0.07 7.9310.01 32.10+0.01
4 24-L 27551001 2.93+0.06 8.0410.02 31341001

12-L 2745+0.01 5.80 £0.05 8.0710.01 3L34+0.00
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Table 3. Final notochord length (mm), % survivals®m bladder inflation and % of yellowfin tunavae commencing flexion from Trials 1 to 4. All datia

mean + S.E. Within each trial, parameters shatiegsame letter are not significantly different (B.65). Refer to Table 1 for light intensities viith

each photoperiod.

Trial

Photoperiod (hours)

24-L

12-L

24-L

12-L

24-L 12-L 24-L 12-1
Survival {%) 2.30.6" 1.0+0.6" 0.2:01" 0.1+0.1" 8.9:0.8° 1.0£0.3 10.4+1.9° 0.2+0.1"
Final notochord length (mm) | 4.58+0.05" 4.59+0.16" 4.00£0.27" 3.97:0.07 5.1+0.1° 4.2+0.1" 4.5:0.2" 3.9+0.1"
Initiating flexion (%) . . - 900" 5+5 90 +3° 52+7
Swim bladder inflation (%) - - - . 10+0° 505"
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