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ABSTRACT

In this study, the lipid composition of wild andpteve common snook broodstock were
investigated to identify potential nutritional dg@éncies and formulate suitable diets for
captive stocks. Results showed captive snook imzatpd significantly more lipid than their
wild counterparts. However, cholesterol and aramhicl acid (ARA) levels were

significantly lower compared to wild fish, which gnampact steroid and prostaglandin
production, reproductive behavior and gametogendsiseggs obtained from captive
broodstock, high docosahexaenoic acid (DHA) andssipentaenoic acid (EPA) levels,
associated with low ARA contents were found. A®sutt, ARA/EPA ratio in captive eggs
was less than half of that in wild eggs with theieptial for negative consequences on
embryo and larval development. In conclusion, ladd&erences were noticed between wild
and captive broodstock that may contribute to tgroductive dysfunctions observed in
captive snook broodstock (e.g. incomplete oocytturadion, low milt production and highly

variable egg and larval quality). The wild snookvey also identified the presence of
hydrocarbons in the liver, which should be furtstrdied to identify a potential impact on

the reproductive performances of a vulnerable i like common snook.
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INTRODUCTION

Dietary lipids and in particular polyunsaturatedtyfaacids (PUFAS) play a critical
role in the successful production of high qualigneetes and eggs of marine fish
(Izquierdo et al., 2001; Sargent et al., 2002). [#/ailarge proportion of dietary lipids
is catabolized to fuel reproductive processes, tieyalso deposited into gametes,
especially as yolk reserve in the oocytes (Tock@d3). Yolk fatty acid composition
directly affects the optimal development of the eypband yolk-sac larvae by
providing docosahexaenoic acid (DHA), essentiahenral and visual development,
as well as eicosapentaenoic acid (EPA) and araciudcid (ARA) which serve as
precursors of eicosanoids involved in the modufatd neural, hypothalamic, and
immune functions (Bell, 2003; Kamler, 2007; Migaetial., 2013; Tocher, 2010).
ARA is a key PUFA for fish reproduction through theoduction of prostaglandins
that stimulates ovarian and testicular steroidogisnefinal oocyte maturation,
ovulation and milt production (Lister & Van Der Kaa 2008; Norambuena et al.,
2013; Sorbera et al., 2001; Wade, 1994). ARA-deripeostaglandins also act as
pheromones and influence sexual behavior (Stac8p&nsen, 2011).

Marine teleosts have lost their ability to syntkesPUFAs, thus, DHA, EPA and
ARA are essential fatty acids that must be providgdhe diet (Sargent et al., 1997).
The low substrate specificity in fatty acid metabol (several fatty acids are
substrates for the same enzyme) explains the gréagéet influence of dietary lipids
on final concentrations and cellular functions canggl to any other class of nutrients.
As a result, the fatty acid profile from fish tiesuand eggs reflects the fatty acid
profile supplied through the diet (Alasalvar et @D02; Sargent et al., 1993; Sargent
et al., 2002). The comparison of tissues and/os éggn wild and captive fish allows

the identification of potential nutritional deficieies, which is essential for the



development of suitable broodstock diets (Migaudl ¢t2013). This strategy has been
successful in many species including striped truerpeatris lineata (Morehead et
al., 2001), sea bad3icentrarchus labrax (Alasalvar et al., 2002), white seabream
Diplodus sargus (Cejas et al., 2003; Cejas, Almansa, Jérez, BoladBasper, et al.,
2004), black seabreafpondyliosoma cantharus (Rodriguez et al., 2004), Japanese
eel Anguilla japonica (Oku et al., 2009), black sea b&ntropristis striata (Seaborn
et al., 2009), highfin amberjacgriola rivoliana (Saito, 2012), greater amberjack
Seriola dumerili (Rodriguez-Barreto et al., 2012; Saito, 2012) aedegalese sole
Solea senegalensis (Norambuena, Estévez, et al., 2012).

The common snoolCentropomus undecimalis is an estuarine species found in
subtropical and tropical waters, around the GulfM#xico and along the western
Atlantic coast from Cape Canaveral, Florida, dowrrlorianopolis, Brazil (Alvarez-
Lajonchére & Tsuzuki, 2008). Snook support a valkeakcreational fishery in the
southeastern United States and are a popular fslodnf South America and Mexico.
It is a protandric hermaphrodite species with titeorsal fish observed up to 7 years
of age (Muller & Taylor, 2006). On the east coakFiorida, the spawning season
extends from April to September, with spawning asetypically occurring along
sandy beaches, inlets and tidal passes of esty@agtor et al., 1998). Habitat loss,
increased recreational fishing pressure, and emviemtal changes (i.e., cold kills)
have contributed to a decline in common snook staickhe Gulf of Mexico (McRae
& McCawley, 2011; Muller & Taylor, 2006). Thereforeadditional fishery
management tools, such as stock enhancement, iaug ibeestigated to supplement
local fisheries in Florida (Brennan et al., 2008}ensive aquaculture production is
also of interest to increase market availabilitysiouth America (Alvarez-Lajonchére

& Tsuzuki, 2008).



Despite recent breakthroughs in the spawning ofie@gommon snook broodstock
(Ibarra-Castro et al., 2011; Neidig et al., 2008p&y et al., 2013; Rhody et al., 2014;
Yanes-Roca et al., 2009) and advances in larvaingarotocols (Baron-Aguilar et
al., 2013; Hauville, Main, et al., 2014; Hauvilkell, et al., 2014; Ibarra-Castro et al.,
2011; Rhody et al., 2010; Wittenrich et al., 20@6)date, there is still no established
large scale production of this species for foodestocking. Reproductive bottlenecks
of captive snook broodstock include the failure fefales to ovulate without
hormonal manipulation, reduced milt production iales and inconsistent supply of
high quality eggs and larvae (Rhody et al., 2018 d¥ et al., 2014).

The aim of this study was to compare the lipid cosition of muscle, liver and eggs
from wild and common snook broodstock maintainedaptivity for 3 years, to gain

information on broodstock dietary requirements mmgrove captive spawn quality.

MATERIALS AND METHODS

Captive fish and egg collection

Captive broodstock were collected in Sarasota Bay20'N 82°35'VWy, Florida, in
Fall 2009, and held indoors in a 4.6 m diametemr@5fiberglass tank equipped with
a filtration unit. Fish were fed a 50 % shrimp, %0herring diet (Table 2.1) at 2.5 %
body weight every other day, and maintained undeulsted natural conditions. In
May 2012, female broodstock reproductive develognvess assessed by ovarian
biopsy and individuals with oocytes classified Ire tlater stages of the oogenetic
cycle (e.g. Secondary Growth Stage, Full-grown S{dieidig et al., 2000; Grier et
al., 2009; Rhody et al., 2013) were hormonally cetlito spawn with gonadotropin-
releasing hormone (GnRHa implants, 50 ug/Kg bodghteilnstitute of Marine and

Environmental Technologies, University of Marylar@gltimore, MD, USA). Fish



then spawned spontaneously by 32 hours post ingtlant Eggs were gathered into a
collector via skimming of the tank’s surface. Aftailection, eggs were transferred to
a conical tank and after 4 hours of incubation f(jplaes blastula stage) the non-viable
sinking eggs were removed and discarded (fertibmatate 64.1 + 4.2 %). Three
viable buoyant egg aliquots were then sampled amsed with deionized water
before storage at -70°C. Eggs hatched after 16shaiuincubation at 28°C (hatching
rate 82.6 = 2.8 %). In addition, 6 malesth-peer—miltproductin and 6 females
presenting non mature oocytes, were sacrificed vath overdose of tricaine
methanesulfonate (MS 222), weighed, measured, tthlghg were extracted for age
determination, and flesh and liver samples wereedtat -70°C. Hepatosomatic index
(HSI) and gonadosomatic index (GSI) were calculadliver or gonad weight (g) /

body weight (g)) x100 (Table 2).

All fish were collected under a Florida Fish andldNie Conservation Commission
Special Activity License (Contract N0.10087, Perd#itSAL 09-522-SR). Animals
were sacrificed in accordance with United Statgsslation concerning the protection
of animals used for experimentation. All methodsemeonducted in accordance with
Mote Marine Laboratory's Institutional Animal Caaed Use Committee approved

protocols (IACUC Approval No. 12-03-KM1).

Wild fish tissue and egg collection

wild fish were collected from two close spawningesi (Emerson Point or
Rattlesnake Key) in waters around Sarasota, onch @a April, June, July and
August 2012. Fish were captured with a seine net lald in floating pens until

processed. Fish were measured, weighed and therirasd reproductive status



assessed. At each time point, 6 sexually matural&sr(visual observation of mature
oocytes after stripping or canulation biopsy) anch&es (visual observation of milt
expression after stripping or canulation) were ifiaed with an overdose of MS 222,
placed on ice and quickly brought back to the labmy wherethey were processed

identically to captive fis

June and August, no mature males were capturedhanefore only female samples
could be analyzed. In July, milt was collected frérmalesising-syringesand stored
on ice and eggs were stripped from 6 females. Eogs 2 females were pooled and
the 3 batches of eggs were fertilized in sterieanssder using a drop of milt from each
male. After fertilization, eggs were rinsed andetbin sterile seawater in a bag under
pure oxygen, secured in a cooler and quickly brougictk to the laboratory and
transferred to conical tanks to separate viableranmdviable eggs before sampling of
3 aliquots and storage as described previously. 8terage fertilization rate and

hatching rate for the 3 batches were 78.3 £ 6.3180838.1 + 5.1 % respectively.

Proximate, fatty acid and lipid classes analyses

Proximate compositions of flesh and liver samplesrendetermined according to

standard procedures (AOAC, 2000). Prior to analys@snples were minced and



blended to ensure homogeneity. Moisture content determined by drying the
sampledo constant weighf105 °C for 24 h). Ash content was determinedréfteh

in crucibles at 600 °C. Crude protein content (I%§.was determined using the
automated Kjeldahl method (Tecator Kjeltec Auto A@halyzer, Foss, Warrington,
U.K). Crude lipid content was determined after agtion according to Folch et al.
(1957).

Separation of lipid classes was performed by dodelelopment high-performance
thin- layer chromatography using methyl acetateprispanol/ chloroform/ methanol/
0.25% aqueous KCI (25:25:25:10:9, by volume) &t fievelopment to separate polar
lipids and isohexane/diethyl ether/acetic acid 1B5t, by volume) as a secondary
development to separate neutral lipids (Hendersomo&her, 1992). Lipid classes
were visualized by charring at 160°C for 20 minerafspraying with 3% (w/v)
aqueous cupric acetate in 8% (v/v) phosphoric acid quantified by densitometry
with a tungsten lamp at 370 nm using a CAMAG-3 Tddanner (CAMAG, Muttenz,
Switzerland) with - winCATS Planar Chromatography Idger software.
Identification of individual classes was confirmbyg comparison and reference to
retention factors of authentic standards run aliolegsamples.

Fatty acid composition was determined by gas-ligwdromatography after
preparation of fatty acid methyl esters (FAMEs)@ading to Morrison and Smith
(1964) . FAMEs were separated and quantified omsapromatograph (Shimadzu
GC-2014, Shimadzu Scientific Instruments, Columib), USA) equipped with a
Phenomenex ZB-WAX plus capillary column (30 m loAch3 mm internal diameter,
1.0 um thickness; Phenomenex, Torrance, CA, USA) witkcolmmn injection and
flame ionization detection, using helium as cargas (4 mL mift) and injector and

detector temperatures of 250 and 260 °C respegtiVemperature was held at 160°C



for 5 min then increased up to 220°C at 3°C peruteirand maintained at this
temperature for 30 minutes. FAME peaks were idextiby comparison with known

standards (Supelco, Inc., Bellefonte, Pennsylvangs).

Satistics

Statistical analysis was performed using MINITAB®rsion 16.0. Data were
analyzed by two-way ANOVA (sex and origin for tal®ehrough 6, and origin and
tissue in table 7) followed by a Tukey’s post hesttwith 95% confidence. Non-
homogenous data were arcsine square root trandfobefere analysis. No statistical
analysis was performed on hydrocarbon data adipidsclass was not observed in all
samples and more data would be required. All resarié presented as meanSEM.

Only fatty acids contributing to at least 1% in @meup are represented.

RESULTS

Broodstock morphometrics and proximate composition

Morphometric and lipid class composition data aesented in table 2. There was no
statistical difference in age, weight and lengthoagithe groups used in this study.
No difference in HSI or GSI was found between captnales and captive females.
HSI from July males was the lowest (8030) of all fish groups, though not

statistically different from captive males, captieenales, and July females. HSI from
August females was the greatest £D4) of all fish groups, yet not statistically

different from April and June females. GSI was liheest for captive fish (0£0.2),

though not statistically different from wild malesd females caught in April. Highest



GSI values were observed for July and August fesndle21.5 and 5.60.8
respectively), though not statistically differerdrh June females.

In flesh samples, lipid content was significantigtter for captive females (2:0.5
%) compared to all the other groups (average afM17%). Liver lipid content was
statistically higher for captive males comparedwid males, however captive
females liver lipid content was not statisticalliffetent from that of wild females.
Liver protein content was significantly higher inldvJune females and wild July
males and females. In contrast, in these same tnoess, flesh protein content was

lower, though not statistically different from Apmales and females.

Lipid classes

Lipid class composition of flesh and liver are esg@nted respectively in table 3 and
4. In flesh, captive females presented signifigalttiver total polar lipid content, and
higher total neutral lipid content compared to wianales. Likewise, captive males
presented lower total polar lipid content and highetal neutral lipid content
compared to wild males. In addition, levels of piteidylcholine (PC),
phosphatidylethanolamine (PE) and cholesterol (CH@re significantly lower, and
levels of triacylglycerols (TAG) significantly high in captive females flesh samples
compared to wild females and captive males comptresild males. Among wild
males, significantly lower total polar lipid conteand higher total neutral lipid
content were observed in April males compared tp ales. Among wild females,
highest total polar lipid content and lowest tatautral lipid content were observed in
July females, though not significantly differenathlevels in June females.

In liver, captive males presented significantly éswtotal polar lipid content, and

higher total neutral lipid content compared to witdles. However, levels were more



variable among wild females with highest total pdipid content observed in July
females, though not significantly different fromatrof June and April females. July
females also presented the lowest total neutral tpntent, though not significantly
different from that of April females. In additiomresence of hydrocarbons was
detected in wild liver samples, while no observatwas made in captive liver

samples and flesh samples from both wild and caffish.

Fatty acid profiles

Fatty acid profiles and total fatty acid contenfleth and liver samples are presented
in tables 5 and 6 respectively. In flesh samplesl| tof saturated fatty acids (SFA)
and mono-unsaturated fatty acid (MUFA) were sigaifitly higher in captive males

compared to wild males and in captive females coetpao April, June and July

females. No significant difference in total SFA waisserved among wild fisAetal

in captive females and males were similar £6.6 % of Total Fatty Acids (TAP)

and significantly lower than that of wild fish (aege of 9.20.9 % of TFA). Ne

mong

wildfermales.DHA levels were not different in males of bothgmnis, while among
females, a significantly lower level of DHA was ebgd in August females
compared to July and captive females, with Apridl @une presenting intermediate

levels.BDH




significantly lower in captive males (1%6.2), compared to wild males (average of
3.1+0.4). It was significantly also lower for captiveniales (1.60.1), compared to
June and July females (average oftP.@) and not statistically different from April

and August femalesltotal PUFA levels were significantly lower in camimales

In liver, no difference in total SFA was observedamg males, while captive females
showed levels similar to that of all other grougs;ept August females that showed a
significantly higher total SFA. Total MUFA were sificantly greater in captive
males compared to wild males, while captive femalesented a total MUFA level
not statistically different from April, June and dust females, but significantly
higher that that of July females. As in flesh, fiv&RA levels in captive males
(4.3t1.0 % of TFA) were significantly lower than that of wild malésverage of
8.6:0.9 % of TFA). ARA levels in captive females (3.8 % of TFA) were not

different from that of August females, but sigrgintly lower than that of other

female groups (average of &9 % of TFA). ERA-levelsinecaptive-males-were-not

females—showing—an—intermediate—tevBIHA levels in captive females were not

statistically different to that of captive malegwever, DHA levels in wild females



(average of 12#2.7 % of TFA) were significantly lower than that of wild males
(average of 238.5 % of TFA). DHA/EPA ratio was not statistically different
among males from all groups, while it was signifita higher in captive females
compared to wild females. As in flesh, ARA/EPA oatif captive males (2+D.5)
was significantly lower than that of wild males§80.7 and 6.41.2 respectively).

ARA/EPA ratio in captive females was significankbyver than that of July females,

but not different from that of other wild femaleogps. Fetal-PUFA—was—not

males incorporated a significantly higher totalelesf PUFA (average of 432.7 %

of TFA), compared to that of females from all groups fage of 29.23.5 % of
TFA).

Overall, in both flesh and liver, between captigmbles and captive males, there was
no significant difference in total SFA, total MUF#£gtal PUFA, and ARA, EPA or
DHA content and resulting ratios. In flesh, amonigdviemales and males, from the
same time group (April females-April males, Julynfdes-July males), there was no
significant difference in total SFA, total MUFA,t&d PUFA, and ARA, EPA or DHA
contents and resulting ratios. However, in livestie, total MUFA, total PUFA and
DHA contents were significantly higher in April neal compared to April females
and July males compared to July females, resuitingigher DHA/EPA ratios in
April males compared to April females and July rmat@mpared to July females,
while ARA/EPA ratios were not significantly diffexe among April fish or among
July fish.

Fatty acid profile and total fatty acid contentflekh, liver and egg samples from July

females and captive females are compared in tab\o Bignificant differences were



observed in flesh and liver total SFA between valil captive females, however
captive eggs contained significantly lower SFA lsveompared to wild eggs
(25.4t0.3 and 30.60.6 % of TFA respectively). Total MUFA were significantly
lower in captive eggs compared to wild eggs (26.3 and 29.50.2 % of TFA
respectively), although not different between wadd captive liver tissue and
significantly higher in captive flesh tissue conmgzhto wild flesh tissue (22t71.2 and
17.2t0.5% of TFA respectively). ARA contents were significantly tnég in wild fish
tissues and eggs compared to captive fish tissubeggsaith (11.4:0.7 and 5.60.6
% of TFA respectively in flesh, 7#.1 and 3.80.8 % of TFA respectively in liver,
and 5.40.3 and 3.80.2 % of TFA respectively in eggsNo significant differences
were observed between wild and captive fish flesth laver EPA contents; however,
EPA contents were significantly lower in wild egfsn in captive eggs (20.4 and
4.240.2 % of TFA respectively). A similar pattern was observed iHAD
incorporation with no significant difference in $lke and liver DHA content between
wild and captive fish, however, DHA contents weigngicantly lower in wild eggs
compared to captive eggs (1402 and 27.80.4 % of TFA respectively).
Consequently, ARA/EPA ratio in wild eggs was sigiahtly higher than that in
captive eggs (2£8).6 and 0.20.1 respectively), while there was no significant
difference between DHA/EPA ratios. Total PUFA wa significantly different in
wild and captive liver tissue, however, total PURA wild flesh tissue was
significantly higher than that in captive fleshstie (47.40.7 and 39.¥1.4% of TFA
respectively) and total PUFA in wild eggs was digantly lower than that in captive

eggs (33.60.5 and 47.80.3% of TFA respectively).



DISCUSSION

Results from this study highlighted numerous déferes in lipids between wild and
captive snook broodstock with potential consequerare reproductive success and
egg quality.

Captive fish presented a significantly higher fléipid content compared to their wild
counterparts. This is the consequence of feedifggh lipid diet combined with
reduced physical activity as already reported imesd other marine fish species,
including white seabream (Cejas, Almansa, Jérezafl®ds, Samper, et al., 2004,
Cejas et al., 2003), black seabream (Rodriguezl.et2@04), greater amberjack
(Rodriguez-Barreto et al., 2012; Saito, 2012) ammhegalese sole (Norambuena,
Estévez, et al., 2012). In fish, excess energyasiy stored as neutral lipid and more
particularly as TAG (Sargent et al., 2002), explagnthe high TAG content (>40%)
in the flesh of captive females. In this study,piiesthe significantly higher lipid and
TAG content of captive females, captive eggs coethia significantly lower total FA
content compared to wild eggs (13 % reduction). rRjp@z-Barreto et al. (2012)
made a similar observation between wild and cultuggeater amberjack with
cultured fish presenting higher total lipid contanflesh and liver, but lower content
in gonadsThe accumulation of lipids in teleost eggs is a plax process that is not
yet fully understood (Hiramatsu et al, 2015). Sale species-specific
phospholipoglycoproteins (vitellogenins) are invadv and their synthesis is
controlled by a series of regulating hormones. dg&n is believed to be the most
potent steroid, stimulating the synthesis of vaigdinins by the liver. Vitellogenins are
then released into the bloodstream and activelgrparated into maturing oocytes
through receptor-mediated endocytosis (Hiramatsal.e2015; Lubzens et al., 2010;

Tocher, 2003). In captive broodstock, a disruptbithe endocrine reproductive axis



is commonly observed, requiring the use of hormdn@tapies (injection/implant) to
induce final gonad maturation and spawning (Myloetal., 2010; Zohar & Mylonas,
2001). This disruption has been confirmed in comranaok where lower estrogen
and androgen levels were measured in captive bieddsompared to wild fish
(Rhody et al., 2015). Therefore, while high lipidntent is observed in the flesh and
liver of captive fish, low estrogen levels likelgnpact vitellogenesis, affecting egg
final total lipid content.

Among wild fish, no clear trend of TAG utilizatioshuring the reproduction period
was detected, even though lowest TAG levels inflagh were observed in July,
which is considered the peak of the snook spawsd@agon. Wild snook keep feeding
throughout the spawning season and though Almainah, €2001) demonstrated the
use of lipid reserve during ovarian maturation aptive seabream fed during the
spawning period, the wild snook diet seems to ctivemutritional needs of brooders.
This would explain the lack of depletion of TAG eeges, the low flesh lipid content
and low levels of perivisceral fat. Additional dat@uld be necessary to investigate
the mobilization of reserves during the spawningssa. Another difference in lipid
classes among wild and captive fish was noticetl migards to CHOL levels. CHOL
is a simple lipid that does not contain any fattidaand teleost fish have the ability to
synthesize it (Leaver et al., 2008; Tocher, 2003)humans,the role of ARA in
CHOL regulation has been recently studied, dematisy the regulation of reverse
cholesterol transport by ARA metabolites (lipoxin®emetz et al., 2014; Spite,
2014). In addition, ARA lipoxygenated or epoxygerthproducts are involved in the
expression of the steroidogenic acute regulatotgRp gene (Stocco et al., 2001).
StAR proteins are involved in CHOL transfer frometlouter to the inner

mitochondrial membrane, where the first step ofastke production occurs and a



strong correlation between StAR gene tissue-speeipression and tissue capacity
to produce steroids has been reported (Castilé. e2015). InSenegalese sole, ARA
and CHOL levels in blood were correlated with digtARA levels (Norambuena et
al., 2013). CHOL has been identified as the magtprsor of sex steroid hormones in
fish which play major roles in final oocyte matuoati meiosis resumption and sexual
behavior (Diotel et al.,, 2011; Tokarz et al., 201Bherefore, the lower levels of
CHOL observed in captive fish may be a consequeficke lower ARA levels and
may contribute to the reproductive dysfunction régd in captive snook (e.qg.
incomplete ovarian maturation, reduced milt voluasecompared to wild males, and
low quality eggs). In wild fish, the presence ofilycarbons in the liver is of concern.
Hydrocarbon contaminants have been found to haveindmtal effect on
vitellogenesis with repercussion on circulating hones and plasma vitellogenin,
estrogenic and antiestrogenic effects as well ésyda oocyte maturation (Nicolas,
1999). In wvulnerable populations such as commonolgnany reduction in
reproductive success can seriously impact wild kstoecruitment and further
investigation is therefore critical. Previous resbahas demonstrated the existence of
hydrocarbon detoxification mechanisms in fish (leteal., 1972) and the lack of
hydrocarbons in captive fish samples suggest aesstd detoxification after three
years in captivity unless the contamination of wikh occurred after the acquisition
of the captive broodstock (e.g. BP Deepwater Horizdl spill in April 2010)
(Weisberg et al., 2014).

Dietary fatty acids and their cyclooxygenase apddygenase metabolites are known
to impact on oocyte maturation and spermatogeresisvell (Cerda et al., 1997,
Sorbera et al., 2001). Lower ARA contents in captivoodstock, as observed in the

present study, have also been reported in captivedstock of white sea bream



(Cejas, Almansa, Jérez, Bolafios, Samper, et &4)20lack sea bream (Rodriguez et
al., 2004), Senegalese sole (Norambuena, Estévalz, 2012) and greater amberjack
(Rodriguez-Barreto et al., 2012; Saito, 2012). Asntioned previously, ARA is a
precursor of prostaglandins that is thought to wskate the later stages of
gametogenesis (e.g. ovulation) as well as influgmcmating behavior (e.g.
pheromones). ARA and EPA compete for the same eegymvolved in the
production of prostaglandins (Sargent, Bell, et 4999). ARA forms 2-series
prostaglandins, while EPA forms the less hiolodycattive and antagonistic 3-series
prostaglandins (Bell et al., 1994; Tocher et aB96). Therefore, in addition to
absolute content, the relative proportion of eaatiyfacid should be taken into
consideration (Izquierdo et al., 2000; Izquierdoagf 2001; Sargent, Bell, et al.,
1999). Indeed, in turboScophthalmus maximus, changes in the dietary ARA/EPA
ratio modified the proportion of prostaglandinsguoed (J. G. Bell et al., 1995; Bell
et al.,, 1994). In addition, significantly highewéds of 2-series prostaglandins and
lower levels of 3-series prostaglandins were meabun wild Senegalese sole
compared to captive broodstock that had lower ARAtent, lower ARA/EPA ratio
and presented reproductive dysfunctions (Norambudfeckenzie, et al., 2012).
Therefore, the lower ARA content and ARA/EPA ratinaptive snook broodstock
may impact on prostaglandin synthesis with potémiegative consequences on
captive snook reproduction. In addition, in Senegglsole, increased ARA levels and
ARAJEPA ratios were correlated with increased plassteroid levels in males (11-
ketotestosterone and testosterone), but no effastatserved in females (estradiol)
(Norambuena et al., 2013). Moreover, in sea bagss demonstrated that a diet high
in n-3 fatty acids promoted female reproductivef@anance, while a diet with a

higher level of ARA and lower n-3 content improviedtilization rate (Asturiano et



al.,, 2001). Therefore, dietary ARA levels and ARRA ratios seem to be of
particular importance in male gonad maturation godlity, and the lower values
observed in the captive males in this study mdstyli contributed to the poor milt
production (quantity and quality) reported in caipyi Among wild fish, no clear
seasonal variation in flesh and liver fatty aciobfies was observed during the
spawning season even though ARA content was sigmifiy higher in July during
the peak of the natural spawning season. Fuimarraatk (2013) studied the transfer
of dietary ARA to the eggs in red drufiiaenops ocellatus and demonstrated a rapid
diet-egg connection, supporting the hypothesis H@th-spawners migrate to their
spawning ground to take advantage of a diet prargajonad maturation and quality.
Therefore, it seems as though snook spawning grdigtd are able to sustain gamete
production throughout the spawning season withrgtly a higher supply of ARA
during the peak of the spawning season.

In addition to their impact on gonad maturationawping behavior and sperm
quality, dietary fatty acids also influence egg lgyaand larval survival. Indeed,
many studies demonstrated the importance of eggalikesac lipid reserves for both
energy and structural development of embryos anddafrom warm and temperate
waters, including red drum (Vetter et al., 1988) sea brearRagrus major (Koven

et al., 1989), gilthead sea bre&parus aurata (Koven et al., 1989; Rgnnestad et al.,
1994) common dentePentex dentex (Mourente et al., 1999), white seabream (Cejas,
Almansa, Jérez, Bolafos, Felipe, et al., 2004) Atidntic Bluefin tunaThunnus
thynnus (Morais et al., 2011). After hatching, MUFAs areefarentially used for
energy while SFAs and PUFAs are incorporated irtmictiral phospholipids
(Kamler, 2007; Sargent et al., 2002). DHA is themfatty acid in neural and visual

membranes and a deficiency has been shown to §trongair larval development



(M. V Bell et al., 1995; Benitez-Santana et al.020Neuringer et al., 1988). DHA
and EPA compete in the formation of phospholiprdctures with a higher biological
value for DHA than EPA (Rodriguez et al., 1998; dgant, Mcevoy, et al., 1999).
Therefore, as for ARA and EPA, the DHA:EPA ratioeds to be considered in
addition to absolute content. In this study, DHAI&PA levels were significantly
higher in captive eggs, however DHA/EPA ratios wemmilar in the eggs. It is
interesting to note that flesh and liver DHA andAERvels were not different
between wild and captive females. The selectivestex and accumulation of DHA
and to a lesser extent EPA into fish eggs has deemonstrated and the DHA and
EPA rich captive diet probably leads to this ladg@osition in captive eggs (Johnson,
2009; Sargent et al., 2002; Wiegand, 1996). Thédridevel of EPA incorporated
into the eggs, combined with the lower ARA contdedd to an ARA/EPA ratio less
than half that of wild eggs, leading to possibledification in eicosanoid production
and subsequent pathways—meodulation—ofneural—trsssm,—hypothalamic—and
immune-functions-as-well-as-stressresistdBed, 2003).

Overall, the present resultsighlight lipid imbalances in captive broodstock,
especially in. ARA levels. Therefore, an ARA dietasypplementation may be of
interest, with potential benefits r@productive success and egg qualigditional
studies are required to determine the optimal le¥slupplementation and to achieve
an adequate ARA/EPA ratio taking into account ébabde rapid diet-egg transfer. In
addition, lowering the dietary EPA content wouldsnbkely benefit egg quality as
well. The presence of hydrocarbon in the liver afdwfish should be further
investigated to identify the source and potentmpact on fish reproduction. The

study of spawning grounds diet would also be adrest, allowing for the monitoring



of the resource as a shift in prey availability dige changing environmental

conditions could impact snook reproductive success.
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Highlights:

Captive snook incorporated significantly more lipithan their wild
counterparts, however, cholesterol and arachidoaad levels were
significantly lower in captive fish compared to eviish.

Eggs obtained from captive broodstock presentel BigA and EPA levels,
associated with low ARA contents and as a resURAAPA ratio in captive
eggs was less than half of that in wild eggs.

Wild snook survey identified the presence of hydrbons in the liver



Table 1:

Fatty acid profile (% of total FA) and total fatigid content (mg/g of dry weight) of

the diet fed to the captive broodstock (n=3).

Captive broodstock diet

Herring Shrimp 50/50
14:0 4.7+0.1 15+0.1 3.9+04
15:0 1.2+0.1 1.0+0.0 1.0%0.1
16:0 20.5+0.2 11.6+04 18.8+0.9
17:0 1.5+0.0 16+01 15%0.0
18:0 6.0+0.2 69+03 6.9+0.0
¥ SFA! 34.0+0.3 228+09 323+14
16:1n-7 59+0.1 52+04 55+0.1
18:1n-9 6.4+0.1 70+02 6.1+04
18:1n-7 43+0.2 6.0+03 51+04
20:1n-9 0.4+0.1 1.0+0.2 0.8z%0.1
Y MUFA? 17.0+0.2 19.4+04 176+0.1
16:3n-4 0.5+0.0 1.1+0.0 0500
18:2n-6 1.4+0.0 15+01 15%00
20:4n-6 3.1+0.2 92+04 43+0.2
22:5n-6 1.5+0.1 1.0+0.2 1601
20:5n-3 8.6+0.4 153+0.3 95+0.3
22:5n-3 1.6+0.1 21+0.1 1801
22:6n-3 22.2+0.6 87+0.7 19.9+0.9
T n-6° 75+0.3 13.3+0.4 86+0.3
T n-3 348+1.0 27.1+10 33.0%1.1
¥ PUFA®  43.7+0.9 421+10 429+1.3
DHA/EPA 2.6+0.1 06+0.0 2.1+0.0
ARA/EPA 0.4+0.0 06+0.0 05+0.0
n-3/n-6 4.7 +0.3 20+0.1 3.8%00
Total FA  117.3+6.9 26.0+1.3 71.8+11.2

YIncludes 12:0.
2 Includes 15:1.

® Includes 18:3n-6, 20:2n-6, 20:3n-6.

4Includes 18:3n-3, 18:4n-3, 20:3n-3, 20:4n-3.

® Includes 16:2n-4, 18:3n-4.

SFA: saturated fatty acids, MUFA: mono-unsaturdity acids; PUFA: poly-
unsaturated fatty acids; DHA: docosahexaenoic @4dbn-3); EPA:
eicosapentaenoic acid (20:4n-3); ARA: arachidonid §0:4n-6).



Table 2. Proximate composition (% of wet weight)flekh and liver, weight (kg),
fork length (cm), hepatosomatic index (HSI), gorsatoatic index (GSI) and age
(years) from wild and captive common snook brootst=6). Superscript letters
indicate significant differences within a row.

Female Male
wild  wild  Wild  Wild Capti wild ~ Wwild  Captiv
April June  July August ve April July e
Lipid Fle 1.0+ 07+ 05 0.7+% 2.2+ 07+ 05+ 10%
sh 0.1 0. 0.¢ 0.1% 0.5 0.1 0.0 0.1°
Li 6.0+ 94+ 63+ 158+ 98+ 34+ 45+ 66+
ver 1.0° 3.2 1.8 4.6 2.0°° 0.3 0.9 1.0°
Prote Fle 20.1+ 194+ 192+ 211+ 220+ 201+ 189+ 219+
in sh 03 02 0.5 0.5 0.2 0.4 0.2 0.2
Li 148+ 17.3+ 180+ 130+ 133% 132+ 184+ 129+
ver 0.8 1.2 1.6° 0.9 0.9 0.4 2.1° 0.7
Mois Fle 782+ 793+ 795+ 762+ 750% 786+ 79.8+ 76.4+
ture sh 0.4 0.2 0.3 0.3 0.4 0.3 0.2 0.4
Li 736+ 698+ 750+ 659+ 66.6+ 742+ 744+ 69.6+
ver 0.9 3. 1.8 4.1 1.5 0.6° 0.7 1.1
Ash Fle 12+ 12+ 12+ 12+ 1.4+ 13+ 12+ 13%
sh 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.0
Li 14+ 15+ 14+ 13+ 1.2 + 13+ 13+ 1.1+
ver 0.1 0.1 0.1 0.1 0.1 0.0 0.1 0.1
Weight 3.04+ 4.32+ 332+ 379 205% 222+ 322+ 219+
055 084 077 0.48 0.17 0.24 091 0.9
Fork 668+ 722+ 604+ 726+ 593+ 617+ 556+ 583z
Length 39 64 64 27 18 20 44 25
HSI 09+ 09+ 07+ 1.2% 0.7+ 08+ 03+ 06%*
0.1 01 01 o1 0.1 0.1° 0.07 0.1
GSI 16+ 41+ 52+ 50+ 0.7+ 09+ 12+ 07%
0.6 07 15 0.8 0.2 of”  o03F 02
Age 63+ 57+ 6.0+ 60= 6.7 + 63+ 75+ 88+
(mean) 0.9 0.8 1.0 0.7 0.5 0.4 1.2 1.3
Age 4-10 3-8 3-9 5-9 5-8 5-8 4-12 6-14

(range)




Table 3: Lipid class composition (%) of flesh framild and captive common snook
broodstock (n=6). Superscript letters indicate iicgmt differences within a row.

Female Male
wid  wid  wild  wild Capti wild  wild  Captiv
April June July August  ve April July e
PC 253+ 273+ 297+ 199+ 154+ 29.3+ 315+ 20.7+
1.6° 1.8° 0.5 1.2 1.2 1.6 0.7 1.3
PS 32+ 36+ 50+ 45+ 23+ 38+ 53+ 31%
0.3 02 0. 0.8 0.6 0.2 0.7 0.3
PI 48+ 59+ 61+ 58% 35+ 6.4+ 82+ 51
0.4 04 0.2 0.3 0.5 0.5 0% 0.3
PE 117+ 127+ 134+ 95+ 73+ 141+ 143+ 93+
0.7° 0.8 0.5 0.7 0.3 1.0F 0.3 0.6°
Total 511+ 558+ 643+ 519+ 339+ 59.7+ 69.1+ 453+
polar’ 3.4 27 13 27 3.2 3.1 02 24"
DAG 22+ 16+ 04+ 20+ 2.7 + 20+ 08+ 24+
0.3 0.4 0.2 0.1° 0.2 0.2 0.3 0.3
CHOL 121+ 144+ 177+ 123+ 86+ 13.8+ 16.6+ 10.1%
0.7 1.2° 0.7 0.4 0.5 0.6° 0.5 0.8
FFA 49+ 45+ 53+ 149+ 48+ 50+ 56+ 47+
0.4 0.4 0.5 0.7 0.5 0.6 0.1° 0.7
TAG 241+ 198+ 85+ 157+ 439+ 146+ 49+ 288+%
4.1 43 1.3 3.0 3.7 3.4 0.6° 2.1°
W+SE 56+ 39+ 39+ 32% 6.3+ 50+ 3.0+ 88%
0.6° 0.7 0.6 0.2 1.9 0.6° 0.2 1.8°
HC nd nd nd nd nd nd nd nd
Total 489+ 442+ 358+ 481+ 66.1+ 404+ 309+ 547+
neutral 3.4 2.7° 1.3 25 3.2 3.1 0.2 2.4

PC: phosphatidylcholine; PS: phosphatidylserine; phosphatidylinositol; PE:
phosphatidylethanolamine; DAG: diacylglycerols; CH®holesterol; FFA: free fatty
acids; TAG: triacylglycerols; W+SE: wax and steester; HC: hydrocarbons; nd: not
detected.

" includes lysophosphatidylcholine, spingomyelinhogphatidylglycerol and
pigmented material.



Table 4: Lipid class composition (%) of liver frowild and captive common snook
broodstock (n=6). Superscript letters indicate iicgmt differences within a row.

Female Male
Wild wild wild  Wild Captiv wild  wild Captiv
April June  July August e April July e
bC 160+ 133+ 217+ 58+ 9.1+ 176+ 143+ 100+
1.4° 2.2 2.6 0.9 1.5° 0.7¢ 1.9 1.7°
bS 19+ 13+ 30+ 11+ 12+ 28+ 39+ 16+
0.3" 0.5 0.7 0.2 0.5% 0.2 0.6° 0.5
b 28+ 25+ 52+ 07+ 1.7 + 32+ 36+ 16+
0.5 0.6° 0.9 0.2 0.6° 0.3 0.6° 05®
PE 94+ 88+ 119+ 36+ 57+ 103+ 100+ 6.3+
0.9 1.4° 1.4 0.9 1.0° 0.7 1.2 1.2°
Total 430+ 376+ 51.0+ 222+ 288+ 487+ 456+ 317+
polar” 3.2° 6.6° 6.% 2.6° 5.0% 1.9 4.8 5.0°°
DAG 27+ 37+ 17+ 49+ 53+ 21+ 09+ 46+
1.0° 1.0° 0.8 0.6° 0.8 0.2 0.9 1.0
CHOL 124+ 87+ 134+ 55+ 8.1+ 13.3+ 138+ 89+
1.7 1.6 1.9 0.5% 1.1 0.7 1.7 1.3
FEA 206+ 206+ 157+ 284+ 20.1+ 18.1+ 184+ 20.6+
1.8 0.7 1.£° 0¢& 1.5 0.8° 1.5° 1.2
TAG 98+ 189+ 102+ 293+ 27.1+ 70+ 49+ 230+
2.8 6.9 5.1° 4.1 5.9¢ 4.77° 4.9 4.F
W+SE 110+ 74+ 68+ 76+ 10.7 + 10.3+ 109+ 112+
2.1° 0.4 1.2 1.8° 1.7 1.7 1.8 1.5
05+ 31+ 13+ 21+ 03+ 32+
HC 0.9 05 03 07 nd 01 o4 M
Total 570+ 624+ 490+ 77.8% 712+ 512+ 521+ 683+
neutral 5.5° 6.6° 6.2 2.6 5.0 4.2 5.4 5.0°

Abbreviations as in table 3.

includes lysophosphatidylcholine,

pigmented material.

spingomyelin hogphatidylglycerol and



Table 5. Fatty acid profile (% of total FA) andtjaacid content (mg/g of dry weight)
of flesh from wild and captive common snook broodkt(n=6). Superscript letters
indicate significant differences within a row.

Female Male
wild wild wild Wild Captive wild wild Captive
April June July August P April July P
140 1.8+ 1.6+ 1.4+ 2.0+ 26+ 14+ 13+ 28+
' 0.3 0.2 0.2 0.2° 0.2 0.2 0.3 0.2
1.3+ 1.0+ 0.6 + 0.7 % 0.7 +

: + +
15:0 03 o1 o1 1.1+0.1 06+0.0 p o1 0.6 +£0.0
16:0 216+ 209+ 205+ 219=% 23.8 + 219+ 209+ 231+

' 0.9° 0.4 0.5 0.9 0.2 0.4° 0.8 0.8

52+ 57+ 56+ 5.4+ 59+ 6.2 + 5.5+

. +
18:0 0.2 0.2° 0.3® 53+0.3 0.2 0.4 0.2 0.2
s oEal 309% 300% 288+ 312% 33.1% 307+ 298+ 327+

1.3 0.7 0.5 1.2° 0.2 0.8 1.2 0.9
58+ 4.8+ 4.2 + 55+ 39+ 33+ 5.4+

‘1n- +
16107 5 2 05° 0.4 62:08 o 0.5 0.6 05
18:1n.9 109+ 108+ 101+ 12.0+ 135+ 11.0+ 106+ 129+

' 1.68 0.9 0.3 0.8 0.6° 1.3 1.2 0.8

33+ 28+ 25+ 28+ 25+ 23+ 27+

“1n- +
1817 o 03 o 34+02 "o 0.3 0.2 0.2
fAUFA 207+ 189+ 172+ 223+ 22.7 + 18.0+ 168+ 221+
» 1.8° 1.6° 0.5 2.1° 1.2 1.9 2.1 1.6

_ 1.6+ 14+ 16+ 11+ 1.2+ 1.4+ 10+
1e3n-4 o1 o 16x0.2 % 0.1 02b  or

1.4+ 1.1+ 15+ 1.2+ 1.3+ 1.2+ 13+

2n- +
18206 p 0.1 0.2 12+08 4 0r®  or 0.1

7.4+ 8.9+ 11.4 + 56+ 8.8+ 108+ 56+

4An- +
20:4n-6 ) 1.0° 07 (e e 1.0° LG 0.6

2.6+ 30+ 39+ 25+ 35+ 4.2 + 26+

‘5n- +
22506 ) 03® 02 25+04 ;5 0.4 0.4 0.3

_ 3.7+ 4.4+ 38+ 36+ 35+ 3.1+ 35+
20503 g g oz 4904 o 02b 02 0.1%

_ 3.7+ 3.7+ 30+ 28+ 36+ 29+ 32+
22503 g p 0P 0.2 3504 s 02 0.2 0.2
oppng 185% 187+ 195+ 1553 20.0 + 212+ 203+ 205+

: 2.7 1.6% 1.4 2.0° 0.8 2.0 1.7 1.3
s 123% 141x 178+ 1253 10.2 + 146+ 17.0+ 104+

1.0¢ 1.7 1.0 1.3° 0.8 1.3 1.4 0.9
s n.d 273+ 277+ 272+ 251+ 27.4 + 295+ 271+ 282+
2.4 1.4 1.2° 2.¢¢ 0.7° 1.8 1.7 1.4
x 422+ 441+ 474+ 404+ 39.7 + 460+ 463+ 406z
PUFA® 3.1%° 2.2 0.7 3.1 1.8 2.9 2.8 2.7
DHA/E 5.2+ 43+ 5.4+ 32403 208% 6.1+ 6.9 + 59+
PA 0.9° 0.3 0.8° R o W 0.8 1.¢F 0.%F
+ + + + + + +
ARAJE 2.0 * 21+ 31+ 16403 1.6a_ 2.6bc_ 36+ 1.6+
PA 0.3 0.2 0.4 0.7 0.4 0.4 0.2
name 22t 20+ 1.6+ 21+ 27+ 21+ 16+ 28+
0.1 0.2° 0.2 0.2° 0.1° 0.1% 0.2 0.2



Total 37.4+ 272+ 233+ 40.1% 56.7 + 31.0+ 223+ 707+
FA 4.1°¢ 2.1% 1.5 9.2¢ 13.7¢ 3.6 3.8 35.7¢

Abbreviations as in table Z. Includes 12:07 Includes 15:1, 20:1n-9 Includes

18:3n-6, 20:2n-6, 20:3n-8. Includes 18:3n-3, 18:4n-3, 20:3n-3, 20:4r>3ncludes
16:2n-4, 18:3n-4.



Table 6. Fatty acid profile (% of total FA) andtjaacid content (mg/g of dry weight)
of liver from wild and captive common snook broaatst (n=6). Superscript letters
indicate significant differences within a row.

Female Male
wild wild wild wild Captive wild ~ Wild Captiv
April June July August April July e
o L7 18+ 14+ 24+ 38+ 13+ 12+ 33%
0.3 0.3 0.3 0.3 0.6° 0.2 0.2 0.4
159 L3 21 08+ 17+ 09% 07+ 10+ 08+
0.5 0.6° 0.2 0.1° 0.1° 0.1° 0.2 0.0%
10 237% 246% 225+ 296 231+ 220+ 228+ 208+
' 1.5 1.7¢ 2.0 0.4 1.1° 1.2 1.1 0.7
170 10% 18 14+ 17+ 10+ 09+ 12+ 10%
0.2 0.2 0.2° 0.1° 0.0% 0.1° 0.1% 0.0%
180 D28% 83+ 106+ 62+ 55+ 6.1+ 77+ 6.0+
0.5° 1.6° 1.2° 0.6° 0.2 0.£° 0.6 0.1%
) 336+ 385+ 369+ 415+ 344+ 31.0+ 339+ 318+
SFAY 1.7 1.4¢ 1.3 0.6 1.4° 1.5 1.3 1.0¢
16:1n- 75+ 65+ 44+ 99+ 73+ 43+ 34+ 61+
7 1.2° 1.3 1.2 0.6 0.7 0.6 0.6 0.6°
18:1n- 127+ 125+ 131+ 16.0+ 135+ 97+ 82+ 134+
9 1.4 1.5 0.9 0.5 1.4 1.4 1.2 1.9
18:1n- 5.0+ 39+ 37+ 55+ 42+ 32+ 29+ 39+
7 1.1 0.5 0.6° 0% 0.2 0.3 0.3 0.4
>I\:/IUF 260+ 235+ 217+ 321+ 262+ 179+ 150+ 24.7%
A2 1.9 2.6 2.6 0.9¢ 2.1 2.3 2.00 3.0°
16:3n- 1.4+ 19+ 09+ 17+ 09% 08+ 09+ 08+
4 0.4 0.4 0.2 0.1 0.1 0.1° 0.2 0.la
18:2n- 1.2+ 1.0+ 1.3+ 11+ 15+ 1.0+ 11+ 14+
6 0.2 0.1° 0.2° 0.1° 0.1° 0.1° 0.1% 0.1°
20:4n- 54+ 56+ 74+ 29+ 33% 80+ 91+ 43+
6 0.8 0.8 1.1 0.2 0.8 0.9 0.9 1.0
22:5n- 14+ 11+ 21+ 05+ 14+ 24+ 26+ 16+
6 0.2 0.2 0.5 0.0% 0.1 0.3 0.7 0.
20:5n- 2.0+ 2.7+ 23+ 26+ 18+ 23+ 17+ 21+
3 0.2° 0.3 0.3 0.4°¢ 0.3 0.2 0.3 0.2°
22:5n- 3.0+ 18+ 1.8+ 13+ 30% 35+ 22+ 31%
3 0.4° 0.1 0.2° 0.1° 0.2 0.¥ 0.3 0.
22:6n- 153+ 134+ 151+ 59+ 166+ 234+ 232+ 202+
3 2.5 3.3 2.7 0.9 2.0 2.6 2.3 3.1
s 90% 872 119+ 55+ 7.2+ 123+ 137+ 82+
0.8 0.8 1.6 0.3 0.9° 1.1° 1.0 1.0°
sng 217t 191+ 201+ 108+ 234+ 302+ 280+ 272+
2.7 3.0 2.6° 0.7 2.0 2.0F 1.9 2.8
) 331+ 307+ 337+ 193+ 329+ 441+ 433+ 374+



PUFA 3.2

5

DHA/ 7.3+
EPA 0.8
ARA/ 26+
EPA 0.2°
n-3/n- 24+

6 0.1°
Total 165.5+
FA 36.0°

3.2

5.8 +
1.8°
23+
0.5
2.2+
0.2°

240.6 +
63.7°

37

8.3+
2.6°
4.1+
1.4°
1.7 +
0.2%

169.9 +
39.8

0.9 2.7
2.7+ 11.0+
0.9 2.1
1.3+ 21+%
0.3 0.5
20+ 33%
0.1% 0.7
3527+ 277.7+
68.7 67.4°

2.8

11.2 +
1.9¢
3.8+
0.7
25+
0.1°

945+
16.2

2.5

16.0 +
2.5
6.4 +
1.7
21+
0.1?°

106.2 +
23.4

3.7

10.2+
1.8
2.1+
0.5°
3.4+
0.r°

187.7 +
34.68

Abbreviations as in table T.Includes 12:07 Includes 15:1, 20:1n-9 Includes
18:3n-6, 20:2n-6, 20:3n-6. Includes 18:3n-3, 18:4n-3, 20:3n-3, 20:4r>3ncludes
16:2n-4, 18:3n-4.



Table 7. Fatty acid profile (% of total FA) andtjaacid content (mg/g of dry weight)
of flesh, liver and eggs from wild and captive coomsnook female broodstock (n=6
for flesh and liver, n=3 for eggs). Superscripteet indicate significant differences

within a row.

Wild July Captive

Flesh Liver Eggs Flesh Liver Eggs
14:0 14+01 14+03 19+0.f 26+02 38+06 24+0.7
16:0 (2)055 * 225+28 217+07 (2)32;8 T 231+1% 176+03%
17:0 07+031 14+02 1000 07+00 1.0+00 08+00
18:0 56+08 106+1.2 52+0.7F 54+02 55+02 40+0.f
¥ SFA! (Z)%a% T 369+135 306+08 8321)16 T 344+1X 254403
16:1n-7  42+0% 44x1%f 7.6+03 g'fa;: 73207 6.2+0.7
18:1n-9 éos;al * 131+08 169+03 (1)3éb5 ' 135+14 129+0%
18:1n-7 25+034 3.7+0.6° 4.6+0.2 28+07 42+02 38+0.7F
}I\:/IUFAZ 3753 T 217+28 295%03 i22b7 T 262+24 233+03
16:2n-4 06+0D 05+068 05+006 g'gag-“ 11+0.f 09+00
16:3n-4 16+021 09402 14+00 (1)'%;—“ 09+0.f 09+006
18:2n-6 (1)';5 13+02 22408 12+00 15+0f 1.9+00
20:4n-6 (1)17'c4 T 74+14 54+03 56+06 33:+08 38+02
22:5n-6 3.9+08 21+0% 21+0.2" 25+02 14+0f 19100
20:5n-3 3.8+0.3 23+0.3° 24+04° 36+0f 18+03 42+02°
22:5n-3  3.0+x02 18+02 27zx0.7 28+0.2 3.0x02 32+0.7
22:6n-3 1945’ *  151+27 145+02 (Z)Oégo T 166+26° 273+04
s n-6 17&8 T 110+18 i%g * 30332 t 72108 87+0f
¥ n-3 i;z T 201+26 208+06 (2)7754 T 234+26° 363+03
IEUFAS 3_77;4 T 337+37 336+08 ‘;’i’b? T 320427 470+03
SZ'A/E 54+08 83+28 65+.7 56+02 11.0+21 6.6+03
QRA’EP 31+04 41+14° 23+06° 16+0P 21+08° 09+0F
n-3n6 16+02 1.7+0Ff 21+03" 27+0F 33+02 42+0f
Total FA 23:3% 169.9 + 193.4 + 56.7 + 277.7 + 169.0 +

1.5 39.¢6v 17.28° 13.7° 67.4% 13.¢

Abbreviations as in table 1.Includes 12:0, 15:C. Includes 15:1, 20:1n-9.Includes
18:3n-6, 20:2n-6, 20:3n-6. Includes 18:3n-3, 18:4n-3, 20:3n-3, 20:4r>3ncludes

18:3n-4.



