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General Abstract

Lysmata amboinensis a protandric simultaneousrh@phrodite (PSH); individuals
develop as males (MPs) and then chatmyeimultaneous hermaphrodites (SHs). PSHs
exhibit functions of both males and fematksing each reproductive cycle. There are a
number of important physiological reproductifeatures that have not been previously
studies in this species, including male size at sexual maturity, igcwhcdHs based on
body size differences and timing of the sex phase change. To answer the former two
questions, MPs were paired with SHs to produce various size combinations. It was found
that L. amboinensidViPs were sexually mature attotal length (TL) of 34.0 mm and
larval production increased with increagibody length, with lge SHs displaying 3
times the larval output of small and mediusized SHs. To answer the latter question,
MPs were exposed to different social situasidoy being paired with either another MP
(of similar or larger size) or with an SHhdeed, the timing of sex phase change was
influenced by the social condition, indiaadi “environmental sex determination” (ESD).
The “default” size at change was 37.1 mm (Wijen MPs were reared alone; when MPs
were paired with a larger MP it was theger MP that changed first to SH, while the
partner shrimp changed at a larger size ttten “default”. If MPs were paired with
similar-sized MPs or with SHs, phase change occurred at a smaller size than the
“default”. The observed patterase discussed in terms k#productive opportunities for
a species occuring in smahoups in the wild, referred to as a “low densgyp.

Aquaculture production df. amboinensis has been problematic due to the prolonged

duration of larval development, punctuated by periods of high mortality. Broodstock



maturation diets have been shown to affectindity and offspring quality. The primary
aim of this component of the study was to identify a suitable maturation diét for
amboinensigrom a range of commonly availableeds. The six diets were squid, mussel,
adult Artemig a commercial feed, and combinatiafshe aforementioned and were fed
to L. amboinensiver four reproductive cycles. @&vdstock fed the squid-mussel diet
lost > % of the egg mass during incubatiaith decreased larvadroduction, the lowest
being 22 larvae. By contrast, broodstock fed adcimiaretained > 80 % of their eggs;
however, hatchability was poor, resultinglaw numbers per hatch, ranging from 12 to
51 larvae. The commercial feed yieldédgh fecundity and larval output. In L.
amboinensis a maturation diet consisting of toeal feeds alone results in poor
reproductive performance; partial, or completeplacement with amrtificial feed is
economically feasible.

Lipid enrichment ofArtemia to boost their highly unsaturated fatty acid (HUFA)
content is a standard procedure to improMet performance and can be taylored to
deliver key nutrients to culture arais. Frozen, lipid enriched ad#ttemiawere fed to
L. amboinensisbroodstock to investigate their suoility and elucidite the role of
essential fatty acids (EFAs) in enhancing reproductive performance. Four lipid
enrichment levels, un-enriched (“unenr”)31énriched (“1/3 enr”), 2/3 enriched (“2/3
enr”) and enriched (“enr”’Artemia, were fed td.. amboinensi®over three reproductive
cycles. Spawning was high fod dliets. Viable fecundity (maning the number of viable
larvae produced) varied, however, and was significantly greater for broodstock fed the
“enr” Artemia with a mean 529 (x 77) larvae, as opposed to 49 (+ 11) recorded for the

“unenr”. The increased larvaroduction was attributed to tber embryo hatchability and
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was associated with an increase in the dalvesaenoic (DHA) content of the diet (11%
of total fatty acids FAs). Tdroles of other dietary B¥s are also discussed.

The best feeding regime for the larvaeonder to achieve high growth, survival and
metamorphosis rates in cultu and, eventually, produonh of new stock was also
considered of prime importance. Thereforeydh prey items of varying shape, size and
dietary value (specifically, rotiferdArtemia nauplii and Artemiametanauplii), and in
different concentrations, were examined. ladrgrowth was not affected by any of the
independent variables. Larval survival wasueficed by absolutedd availability rather
than food concentration, givenathfeeding the early larvaeArtemiaml™, 3 Artemiaml
! 18 rotifers mf or 54 rotifers mif resulted in no difference. All prey types tested were
suitable first feeds for zoea 1 (ZIL) amboinensiswith survival > 90%, verifying the
plasticity of Lysmataspp. However, from Z2 onwardstemia may be a better feeding
option than rotifers, since carry-over effectstbé diet to the next larval stage were
noted. The nutritional value of éhprey affects development bf amboinensidarvae,
with those fed Artemia metanauplii enriched withAlgamac-3000 showing high
developmental rate and low zoeal stage d&par Exposing the larvae to starvation (as
control for true diet effects), revealed thatamboinensidarvae are facultative primary
lecithotrophs (FPL), meaning they caoult to Z2 using only endogenous reserves.

Triplicate samples of the hepatopesas, ovaries and tail muscle lof amboinensis
broodstock, and of newly hatched larvae anddarsubjected to a period of starvation or
feeding (from hatch to Z2), were processed to generate their total lipid content and FA
profiles. The hepatopancreas had a high lipitteat, confirming its role as a process and

storage organ ih. amboinensis. Lipids were also a major component of ovarian dry
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weight (dw), in agreement with repods other crustaceans during maturation. The tail
muscle, being a functional rather than aagerorgan, contained low total lipids, and was
the tissue that closely resembled the FA ipgadf the newly hatched larvae. Saturated
fatty acids (SFAs) and HUFAgere the most abundant compaotseof the lipidprofile in
broodstock tissues and in larvae. Monounsdéd fatty acids (MUFAS) may have been
preferentially catabolized to meet energedicd metabolic requements. It appeared
polyunsaturated fatty acid (PUFA) and HUFA requirements were met through the larval
diet. DHA and eicosapentaenoic (EPA) weref@rentially retained during nutritional
stress, confirming their importance foramboinensisluring early larval development.
Mouthparts and alimentary canal were examined..inamboinensislarvae using
scanning electron microscopy and histyt. The morphology of mouthparts and
digestive tract structures at different largshges, indicate that ingestive and digestive
capabilities are well developed in the spedresn early on. With increasing age of the
larvae, the mouthpart appendages increased in size, the hepatopancreas in tubular density
and the midgut in length. The density of setand robustness of teeth and spines of
individual structures, increadeThe most pronounced changéem early to late stage
larvae, involved the formation of pores or fharagnaths and labruthe transformation
of the mandibular spine-like teeth to molar cusps, the development of the filter press in
the proventriculus, and of infoldings in the previously straigimdgut. The results
suggest that early stagie amboinensisarvae may benefit from soft, perhaps gelatinous

prey, whereas later stages bedter equipped to handle largeuyscular or fibrous, foods.
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Chapter 1 - General Introduction

The marine aquarium trade and theaquaculture potential of the white-

striped cleaner shrimp,Lysmataamboinensis

1.1 Trade profile of ornamental species

When the financial value of commercial fist and that of product collected for the
aquarium industry are compared, the aquanuoduct delivers a higher value per stock
volume. In 2000, 1 kg of aquarium fish frazoral reefs on the Maldives was valued at
almost US$500, whereas 1 kg of reef fidrvested for food was worth US$6 (Wabnitz
et al 2003). Although fish, live coral and livealo dominate the aquarium market, the
trade in ornamental crustaceans has been expanding (Gasparini et al. 2005). It is difficult
to obtain accurate information on the nwtrishare of decapod crustaceans alone, as
reports are either based on the entire ornameatdé or the invertehte component of it.
Accordingly, 20 million marine fish and another 9-10 million marine invertebrates are
traded annually with a total invoice valudiggted at US$330 million; excluding corals,
invertebrates were wdrtUS$30 million (Larkin ad Degner 2001; Macfadyeet al
2003).

Approximately 85% of all invertebrates tine aquarium trade originate from the Indo-
Pacific reefs, with the Western Atlantic a close second (Green 2003). The major exporters

are the Pacific Island nations, the Philipgs and Indonesia, followed by Florida and



Hawaii. North America imports approximately two thirds of all é@drganisms and the
remainder goes to the European Union and Japan (GetrBIn2003; Olivier 2003).

The criteria for ornamental status have been defined a#&ppgarance, such as
dazzling colouration and unusual morphologicatgras (e.g. spots and stripes), 2) Ease
of care and 3) Hardiness in captivity (Cala@l. 2003a, b). Furthermore, species with
notable behaviour, such as removal ddhfiectoparasites and control of nuisance
organisms (e.g. of the glass anemone), d@mplaying symbioticassociations with
vertebrates or invertebrates, may bdandérest to the aquarium hobbyists (Rhytal.
2004).

Several shrimp in the infraorder Carddesatisfy the above criteria and occupy
approximately 40% of the trade in ornanamdecapods. Caridean shrimp found in both
public and private aquaria come from the following families: Hippolytidae {ehgr
amboinensis the sexy shrimp), Rhynchocinedel (the hingebeak shrimp, e.g.
Rhynchocinetes durbanensis), Alpheidae (the snapping shrimpAlpteeus bellulus),
Gnathophyllidae (the bumblebee shrimp, e.gnathophyllum americanum
Hymenoceridae (the harlequin shrimp, edymenocera pictaand Palaemonidae (e.g.
Periclimenes pedersgnthe anemone shrimp) (Calado 2008). Approximately 49 caridean
species are traded, 17 more than the degapod group, anomuran crabs. About a third
of the traded carideancome from the family Hippolytidae, withysmata species
accounting for the majority (Calad al 2003a). The fire shrimp,ysmata debelius, and
the white-striped cleaner shrimp, amboinensig¢Plates 1.1a, b), are amongst the most

popular marine ornamentals and are of higtail value (Moe 2001). Current efforts to



regulate the marine ornamental trade ia Buropean Union have already highlighted

these two shrimp as species whose impdrisilsl be closely monitored (Calado 2008).

PLATE 1.1 Popular in the aquarium tradgsmata species, a) the fire shrimp,
L. debelius(http://www.freshmarine.com) dnb) the white-striped cleaner

shrimp,L. amboinensis.



1.2 Reproductive biology and ecology of Lysmatanboinensis

Lysmata amboinensiss found in coral eefs of the Indo-Pacific, and has been
observed to clean numerous fish, fronougrers to moray eels (Calado 2008). Despite
being one of the most collected shrimgaps in the aquarium industry, its population
ecology has never been addressed. Most taeesearch explores the development of
culture protocols (Caladet al 2007; Caladet al 2008a, b; Cunhat al 2008), while
earlier studies focused on the fundamentals of reproduction of captive broodstock
(Fletcher et al1995; Fiedler 1998; Simoes al 1998).

The cleaner shrimpL. amboinensisis a PSH, which is the sexual system
characteristic of the genus (Bauer andtH®98; Udekem d’ Acoz 2003; Bauer and
Newman 2004; Baeza and Anker 2008). Acaagly, all individuals pass through an
early male phase (MP), which later evolvesndude a female phase (FP). Protandry is
not uncommon within carideans, although gdmoyg, meaning separate sexes, is the
dominant sexual system (Bauer 2004). In protandric species, during the transition from
the MP to the FP external male characters (e.gafipendix masculina) are lost and
those of the FP (e.g. the “breeding dress® attained. The gonads of sex changers
function as testes in MPs and then ovaries in FPs.

In L. amboinensiswhile the MP is similar to thaif other protandric carideans, sex
change to the FP is never complete, as the testicular tissue and male ducts are retained
and sperm is produced (Bauer 2004). Thus Lysmata individuals are defined as PSHs or
SHs. Generally, the size at which MPs change sex phase (to FP or SH) appears to be a

flexible trait in carideans, resulting in tiklevelopment of theories and models to predict



the timing of change (Hannah and Jeori®91; Bergstrom 1997; Bauer and Holt 1998;
Lin and Zhang 2001a; Baeza and Bauer 2004; Zhang and Lin 2005a, b).

Although PSH appears to be consistent amoygmata, the population structure, in
terms of sociality and possibtiie mating strategies, may differ between species. In “low
density” species, like L. amboinensuild shrimp are found ismall groups or in pairs
(Criales 1979; Wirtz 1997; Bauer 2006). Or ttontrary, in “high density” or “crowd”
species (e.gLysmata wurdemanniLysmata seticaudajaindividuals occur in large
aggregations and show minimum aggressioenewhen in breeding status (Bauer and
Holt 1998; Bauer 2006).

Maturation of ovaries, moulting, mag, spawning, embryonic development and
hatching are inter-reladeprocesses in breedihg amboinensis. Following the hatching
of larvae, the FP undergoes ecdysis (moultettew the “breeding dress” and shed any
unhatched embryos. Mating occw®on after the parturial (@-spawning) moult and the
MP hermaphrodite attaches a pair sgfermatophores under the FP hermaphrodite
abdomen. Spawning takes place a few mintdea few hours aftecopulation, even if
fertilization has not been successful, and tiew embryo incubation cycle is initiated
(Fiedler 1998; Bauer 2004).

In L. amboinensis incubation of eggs (Plate 1a5ts approximately two weeks
(Fletcheret al 1995). Incubation period duration is iteld to the reproductive ecology of
species; tropical and warm temperate caridearich are usually successive breeders,
have a short incubation period, whereas incubation of embryos lasts several months in
high latitude species, which may spawn only once a year Ragdalusborealis

Bergstrom 2000). Because of the cost of brooding the embryos, fecundity in carideans is



significantly reduced, for example 172-418 eggsHataemon northropand 170-8,960
eggs forMacrobrachium olfersii(Anger and Moreira 1998) as opposed to 353,834-
884,708 eggs foPenaeus plebejus (Courtneyal 1995) or 100,000-1,000,000 eggs for
Penaeus vanname(Sunden and Davis 1991). Theinmiple also applies toL.
amboinensiwith a hatch usually rangingdim 300 to 1650 larvae (Fletchetr al. 1995;
Caladoet al 2008b). The aforementioned variationLiysmatacould be attributed to the
size of spawners, since fecundity is posityvcorrelated to female body length (Corey
and Reid 1991; Bauer 2002a), but parasitisnesst temperature, adget are also known

to affect reproductive output in decapd#aris 1991; Smith and Ritar 2005; Calaeb

al. 2008b).

PLATE 1.2 Lysmata amboinensiadult with freshly spawnk eggs attached under the

abdomen (green area).



Lysmata embryos hatch as planktonic larvae termed zoeae. The number of stages a
larva undergoes prior to @iy varies amongst species of the genus, for exarple
seticaudatahas nine zoeal stages (Calagtcal 2004),Lysmata rafahas 11 (Rhyne and
Anker 2007) and.. amboinensisias 14 (Wunsch 1996; also current study, see Appendix
A). The time it takes to completeettharval cycle varies not only among Lysmata species
but among individuals of the same spec@seven the same batch. Genetics and
environmental conditions (e.g. physical paramsetnd prey availability) may influence
the rate of development. Under unsuitable rearing conditigyssnata larvae are known
to display “mark-time moulting”, whereby rleae continue to moult and grow but not
progress to the next zoeal std@ore 1985; Calado 2008). Indeed, older L. amboinensis
larvae several millimetres bigger than the éeage” last stage have been recorded in
culture (pers. obs.Lysmata amboinenslarvae may take as litties 3 months or as long
as 5 to settle (pers. obs.), with thédatime period being more common (Fletcbeal

1995; Wunsch 1996).

1.3 Culturing marine ornamental shrimp: Problems and solutions

Marine shrimp for the aquarium industry daegely sourced from the wild, a practise
that has long been regarded as problematic (Tlusty 2002; Wadiratiz 2003). Many
have argued that removal of certain species of shrimp that display associations with
various sea creatures couldsu# in long-term ecologicalmbalances; for example,

collection of L. amboinensisor other cleaner shrimpdm the reefs could potentially



diminish the health of client fish and reduce their abundance (Limbaugh 1961,
Jonasson 1987; Bunkley-Williams and Williams 1998). Although damaging fishing
techniques (e.g. sodium cyanide or qldivee) are not commonly employed for the
collection of marine ornamental shrimp, atlpeoblems associated with wild collection
remain. Such are the unreliability of supply, which raises the number to be collected
beyond what would be necessary to meetrket demand, and the inadvertent
introduction of parasites or disease from wild animals (Walatigd 2003). In addition,
wild shrimp may adapt poorly to the d¢me environment and suffer high mortality
during acclimation, requiring the collection mfore animals to siafy demand (Baquero
1999; Wabnitzet al 2003). When combined with éhabsence of data on population
fluctuations in nature, the psibility of overexpl@ation of wild stocks becomes alarming
(Wood 2001; Buntingetal. 2003).

As so little is known about marine ornamental shrimp ecology and the impact of
harvesting these organisms from the wiltjuaculture has been suggested as the
alternative (Zhangt al. 1998a, b; Liret al. 1999; Calado 2008).gaculture could meet
the demands of the aquarium trade by year-round, domesticated species availability and
quarantine safety. Consequently, developnw@nappropriate husbandry has become a
priority, with much research focus dn amboinensis and other sougifter species
(Fletcheret al 1995; Palmtag and Holt 2001; Calagtcal 2003a; Parkst al. 2003). For
mass production of ornamental shrimp tacdree a reality, their life cycle must be
consistently completed in captivity. The stejpsolved would include: 1) Captive
spawning of the broodstock, 2) Mass rearind settlement of the larvae, 3) Grow out of

the juveniles and 4) Subsequent mating spawning of the captive raised stock. Each



step has its own challenges but larval rearing has been the major complication in the
successful culture of. amboinensisthe main issue being thgarticularly long larval
duration and the low larval survival (Let al. 2002; Caladet al 2003a; Cunhat al

2008).

Efforts to increase survival rate and shottenlarval cycle of ornamental shrimp have
focused on the provision of appropriate &rkearing systems and larval feeds (Zhahg
al. 1998a, b; Simoes et.&2002; Rhyne and Lin 2004; Caladbal 2003c; Caladet al
2005a, b). Paimtag and Holt (2001) ddsed a cylindrical rearing chamber far
debelius and Calado et 42003c) a “planktonkreisel” type system forseticaudataand
L. wurdemannisuitable for other ornamental specésswell. Captivdarval rearing has
been based almost exclusively on live fgedccasionally supplemented with fresh or
fresh-frozen animal tissue in late stagevd® and postlarvae (PL) (Palmtag and Holt
2001; 2007). Despite the differences in feednadpits of penaeid and caridean larvae
(herbivores/omnivores and strict carnigsy respectively, Jones 1998), the usartémia
has been uniform throughout shrimp larviculture (Samaathal 1989; Fletcheet al
1995; Zhanget al. 1998a, b; Narciso and Morais 2001; Cunha €2@08). Rotifers are a
common live first feed due tibeir small size (Fletcher et.dl995; Mourentet al. 1995;
Dhertet al 1997; Zhanget al. 1998b; Cunha et aR008). Although of lower nutritional
value, the relative ease of production of rotifers Andmia continues to ensure their
predominance over more suitable but lesadilg available preys, such as copepods
(Stottrup 2000). Enriching\rtemia and rotifers with HUFA carotenoids and vitamins

may improve their nutritional profile, antesult in increased survival, growth and



synchronous metamorphosis of the larvake several commercial shrimp species
(Coutteau and Sorgeloos 1997; Sorgektad. 1998).

Studies have shown that late stage larvae and PL quality is associated with larval
culture conditions, whereas egg and, toeatent, early larvae quality depends on the
physiological condition of the bodstock (Anger 1989; Palacies al 1998; Racottaet
al. 2003). It is possible to manipulate tligetary regime of caridean and penaeid
broodstock to positely alter the fecundity, fetization rate, egg biochemical
composition, hatchability and larval stresketance (Harrison 1990; Bray and Lawrence
1992; Cahu et all995; Wehrtmann and Graeve 1998; Cawlial. 1999; Palaciost al
2001; Racottaet al 2004). For example, adding carotenoids to the di€t. afannamei
improved the condition of the broodstock showing symptoms of reproductive exhaustion
and, by providing better nutrient reservestihe embryos, resultesh increased larval
survival (Wybaret al. 1997). InPenaeus monodon the diet levels of arachidonic (ARA),
EPA and DHA were positively correlated wigineater spawning frequency, fertilisation
and hatching rate (Millamena 1989). The#dFAs have been repeatedly linked to the
reproductive performance of prawns (Middleditch et1®80; Xu et al1994; Cavalli et
al. 1999; Woutergt al 1999). Improving broodstock nutritidras also been suggested as
an approach to enhance larval lifyan ornamental shrimp (Simoex al. 1998; Lin and
Zhang 2001b; Lin and Shi 2002; Calagtcal 2008Db).

Standard practise in penaeid hatcheriesbieas to feed the broadsk fresh or fresh-
frozen foods (e.g. polychaetes, squid, musdel)obtain optimal reproductive output
(Wouterset al 2000; 2002); frozerArtemia biomass has also been included in the

maturation diet of some species (Naessens. 4198l7; Simoest al. 1998; Woutergt al
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1999; Lin and Zhang 2001b; Caladbal 2008b). To account for the variability in the
nutritional value ofArtemia batches, which may cause discrepancy in the reproductive
performance of prawngrtemiaenrichment has become common practise (Legail

1985; Browdy et al 1989; Sorgeloos and Leger 1992; Coutteau and Sorgeloos 1997).
Furthermore, different processing techniquesAdemia have been tested (e.g. freeze-
drying), due to a preference batchery managers for dryeds, instead of fresh moist
ingredients (Browdy 1998; Wouteet al 2002). Generally, theelatively high cost,
inconsistency in nutritional quality and risk of disease introduction via fresh frozen feeds
have caused a heightened interest in kupenting or replacinghatural feeds with
artificial diets (Marsdeswt al 1997; Denecet al 1999; Caladet al. 2008b).

Comparisons amongst the biochemical profilenaturation diets, female organs, eggs
and larvae has been a usefabl in assessing the rolef various nutrients in the
reproductive process and subsequent laoality. Lipids help sustain continuous
spawning and play an important structunadl anetabolic role, producing over 60% of the
total energy expenditure of tideveloping embryos (Middleditatt al. 1980; Wehrtmann
and Graeve 1998; Racottt al 2003). As a result, many studies have focused on
generating and comparing the dpand FA profiles of dietqgroodstock anthrvae (Bray
et al 1990; Millamena and Pascual 1990; Tidwetll al 1998; Cavalliet al. 2001,
Palacioset al. 2001; Caladet al 2005a, b; Paimtag and H&@007). These data sets may
allow aquaculturists to adjust maturation and larviculture protocols to ensure the
provision of dietary nutrients requiréal larval production and development.

Another method to gain an understandingtloé feed requirements of larvae is

through studying the morphology of the mouthpaand gut, to allow the provision of
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suitably sized and textured prey items, which are compatible with the ingestive and
digestive capabilities of different laal stages (Anger, 2001). Scanning electron
micrographs of the mouthparts and histologisattions of the alimentary canal have
revealed the tools decapods are egedbywith to manipulate food items (Huettal 1992;
Sangha 1996; Johnston and Ritar 2001; Sousa and Petriella 2006). Using this knowledge
to detect shifts in dietary gference (e.g. for different-sized preys or food texture) would

enhance the aquaculture potentiithe studied organisms.

1.4 Objectives of the project

For the commercial production bf amboinensiso become feasible, improvements in
larviculture efficiency need to be made. Tisi| particular challeng®er a species with a
prolonged larval cycle, with ehability to further delay metamorphosis in captivity, and
with poor survival to the last stagelSxperiments conducted during this study were
designed to, directly or indirectly, address these limitations and to advance knowledge
and capability for the successful and reliablmptetion of the planktonic larval phase of
L. amboinensién captivity.

The initial focus was on the reproductive behaviouk.chmboinensidroodstock to
improve reproductive success and ensure ataonsupply of good quality larvae. Given
that L. amboinensis is a PSH, it is important to deiae the minimum size of male
rerproduction and ability to fertilize an Slds well as the size the males would then
become SHs themselves. An understanding of these parameters would ascertain the

optimal time to establish reproductive paiosmaximize larval production. In addition,
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discovering which, if any, factors affect the timing of sex phase charlgemboinensis
means these could be potentially used taiarice the sex of indiduals, so as to serve

the needs of captive breeding programmes. Whereas such information exists for L.
wurdemanniand L. seticaudata, this knowledge is lackinglfoamboinensisChapter 2

deals with the reproductivastory of the species.

Maturation diets have a béag on the quality of thébroodstock, which in turn
influences early larval qlity. To further improve highery production, the dietary
regime ofL. amboinensis broodstock should thus be asded% address the nutritional
aspect of broodstock maturation, crustacean aquaculture operations have relied on fresh
frozen diets and, as a supplement, carmal mixed diets. The decisions on
administered broodstock diets for marimenamental shrimp have been based on
available information on other commercial decapods, and have not been robustly
substantiated. Chapter 3 comgmirthe effectiveness of various maturation diets on the
reproductive performance of L. amboinensis, and discusses the option of a commercial
artificial diet. Providing cultured crustaceans with a digtapurce of EFAs is considered
crucial for ovary maturation and embryo development. The role of EFAs in the
maturation ofL. amboinensishas not been investigatatbmprehensively. Chapter 4
examines the FA requirements of the broodstock, usitemiaas the delivery medium.

Chapters 5, 6 and 7 invesitg different aspects of lalvrearing to improve the
feeding regime in culture and achieve higbanvival, sustained growth and development
of L. amboinensisChapter 5 evaluates the suitability of prevalent commercial live feeds,
rotifers andArtemia Although both preys are used irethearing of marie larvae, to

date, there has been no compamtstudy of their effectiveness in. amboinensis
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larviculture. Additonally, a variety ofArtemialipid enrichments were used to obtain an
indication of EFA requirements &f amboinensigarvae. In Chapter 6, a comparison of
the FA profile of adultL. amboinensisand Z1 larvae, subjected to different dietary
treatments, is presented. The informatitiaves an assessment of both the maternal and
dietary contributions to thautrient reserves of earlyrial stages,, and provides an
insight into the metabolic processes thatcur during development. Finally, the
description of the feedingrsictures of early and late L. amboineraivae in Chapter 7,
improves our understanding of prey processbdity at various developmental stages.
Changes in the functional morphology of nfwdrts and gut may pried, or justify,
changes in dietary preferences. Such kndgdemay be applied in the development and
selection of appropriate diets and diet chiastics, for use in the larviculture &f

amboinensis

In summary, the aims of this project were:

X To elucidate the reproductive historylafamboinensisby identifying MP size at
sexual maturity, timing of sex phase nga and SH size effect on fecundity -
Chapter 2

x To identify suitable broodstock matuiaii diets amongst fresh frozen or dry
commercial items - Chapter 3

X To assess the role of EFAs irobdstock nutrition, using frozen adélttemiaas

the delivery medium - Chapter 4
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X To compare the suitability of live preys, such as rotifers Amnemia nauplii or
metanauplii, for early larval stages and assess the role of EFAs in larval nutrition
- Chapter 5

X To provide the qualitativscope of FAs present ibroodstock and larvae and
evaluate the maternal, as opposed to dietawntribution to tk lipid profile of
early larval stages - Chapter 6

x To describe the developmental changedeeding and digestive structures of

early and late larval stages - Chapter 7

The culture of marine ornamental shringarticularly valuable species such las
amboinensiswill likely experience substantial growth the future, as natural resources
management and conservation efforts becamee prominent. The value of the current
study is that it deals with various culture parameters in thathbroodstock and larvae of
L. amboinensislt links reproductive performancené maturation diets with the larval
nutritional profile, and the faal feeding regime with the functional morphology of
ingestive and digestive structures. This information is vital for the realisation of

commercial production df. amboinensis
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Chapter 2

(Published as: Tziouveli, V. and G. Smith. 2009. Sexual Maturity and
Environmental Sex Determination in the white-striped cleaner shrimp,Lysmata

amboinensis Invertebrate Reproduction and Developmen63(3):156-163)

Sexual Maturity and Environmental Sex Determination in the white-

striped cleaner shrimp,Lysmata amboinensis

2.1 Introduction

Many reproductive studies have focused on caridean shrimp and the diversity of
sexual systems exhibited in these decapods (Gherardi and Calloni 1993; Bauer 2000;
Bergstrom 2000; Lin and Zhang 2001a; Chegkbnd St Mary 2003; Zhang and Lin
2005a; Baeza 2006; Zup al 2008). The most common sexual system in carideans is
gonochorism (Correa and Thiel 2003), megnseparate sexes the population (e.g.
Thor floridanus in Bauer and VanHoy 1996). Other species suchhas manningiare
protandric (Bauer 1986), a form of sequential hermaphroditism, whereby individuals
develop first as males then change to flemat a certain size/age (Shapiro 1987). The
gonads of sex changers function as testessimiile and then as ovaries in the female.

A unigue modification of protandry exisis the family Hippolytidae, in the genus
Lysmata(Fletcheret al 1995; Fiedler 1998; Bauer and IH2998; d’ Udekem d’ Acoz
2003; Bauer and Newman 2004; Zhang and Lin 2005a; Beteea?007), and is termed

PSH (Bauer, 2000). While the MP is similarttat of other protandric carideans, the
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female differs in that sex change is not ctetg since testes are retained and continue
producing sperm (Baldwin and Bauer 2003). Thus, individuals function as both sexes
during the reproductive cycleach SH functions as a male mating partner when the other
SH has moulted, but functions as a fematerafoulting itself (Bauer and Holt 1998;
Fiedler 1998).

Accordingly, L. amboinensisthe white-striped cleaner shrimp, is an “out-crossing
functional PSH” (Fiedler 1998; Bauer 2000)idta high-value ornamental species (Moe
2001; Caladeaet al. 2003a, b) found in cdreeef systems of thindo-West Pacific. In
Australia its range extends from the Corah§East Coast of North Queensland) to Seal
Rocks in northern New South Wales. To assigbreserving numbers of the species in
the wild and also to satisfy increasing demand by the aquarium trade, the interest in
breeding this species in captivity has grown.

BreedingL. amboinensigdults are found as SH pairs in the wild and as documented
in laboratory studies can produce broods continuously, with an incubation time of
approximately 13 days. Following the hatching of larvae and twitie new spawning,
the SH undergoes ecdysis to shed any unhatched eggs debris. Mating takes place after the
parturial moult, with the p#ner shrimp attaching a pair of spermatophores under the
abdomen. Spawning occurs regardless oétivbr spermatophore attachment has been
successful (Bauer 2002b).

Fecundity is an important measure of wghrctive potential. Ircarideans, a positive
linear relationship exists bet&n female size and brood s{gzorey and Reid 1991). The
“Size Advantage” mode(Ghiselin 1969) suggests thatxsehange is adaptive in those

species that reproduce more efficientlyoas sex when younger/smaller, but the opposite
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sex when older/bigger. Protandry, then, predgreater male reproductive advantage at
small body size. Although ihysmata sex change is incomplete, the same principle may
apply. A small MP would produce adequate sperm to fertilize the relatively low number
of eggs aLysmata SH produces, with larger SH®dgucing more eggs and offspring
(Bauer 2004).

Various models have been applied to petming of sex chage in carideans and
explain why in some protandrous speciestaie individuals eitbr never change or
change is delayed (Bauer 1986; Bauer and Holt 1998; Bergstrom 200Bandtalus
danae the frequency of sexual morphs in thgpulation was shown to be dependent on
between-generation genetselection (Marliaveet al. 1993), as opposed to within-
generation demographic control propdsby Charnov and Anderson (1989) fer
borealis.Seasonal variations in temperature, ppetiod and food availability have also
been shown to affect sex differentiation in carideans; for example in the protandric
Hippolyte inermisan abundance of diatoms would result in the development of primary
females (Zupo 2001).

Thus, it has been hypothesized that size/age at change is: a) genetically predetermined
and under selective pressui@arner 1975; Marliavet al 1993; Bergstrom 1997), b)
based on the seasonal variation of abi@atdrs (Bauer 2002a; Zupo and Messina 2007),
or ¢) dependent on the demographic situasiod mediated by socialteractions, termed
ESD (Charnov 1982; Hannah and Jones 1881and Zhang 2001a; Fiedler 2002; Baeza
and Bauer 2004). The factors affectinge tproportion of MPs and SHs within a
population have only been investigatedLinwurdemanni and.. seticaudatafrom the

genus (Baldwin and Bauer 2003; Baenal Bauer 2004; Calado and Dinis 2007).
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The objectives of the study wera) to identify the size at whidh amboinensisVPs
successfully copulate with SHs, b) to compasbie fecundity of a size range of SHs, ¢)
to determine the size at which MPs undergoease change and d) to examine whether

social factors may influence this change.

2.2 Materials and Methods

Broodstock maintenance

The shrimp were collected in the Coraa$ by divers from CMF, using hand-nets.
During acclimation at the Controlled Environn&acilities (CEF) at AIMS (Plate 2.1a),
they were held in 2 x 270 L PVC holdingnhia in individual 500 ml plastic containers
perforated with 4 mm holégs allow water exchange. Tis@rimp were fed chopped squid

or musselad libitum once daily, on alternating days. Uneaten food and waste were
siphoned before the next feedingdanoults and mortalities removed.

Water to the rearing facility was treated via foam fractionation and filtration (cartridge
filter) to 1 um prior to exposure to ome (750 mV) and UV (wavelength 264 nm) to
reduce bacterial loadg (Plate 2.1b). Water temperatuipH/oxi 340i) was kept at 28.1
(= 0.42) °C, pH at 8.1 (+ 0.01) (pH/oxi 3%Gind salinity (optical salinometer, Bio-
marine, Inc.) at 34.5 (+ 0.62) g'LAmmonia and nitrite were below detectable levels
(NH3/NH, and NQ Kits, Aquarium Pharmaceuticals, Inc.) The light regime in the
culture room was 12: 12 hrs light: darkppided by fluorescenubes and regulated by

timers.
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Following acclimation, the shrimp were pairaad transferred tmdividual 23 L glass
aquaria with lids. The experimental tanks were provided with aeration, flow-through
water at a rate of 100% per half hr (ssed 400 m offshore Cape Ferguson, Townsville,
and treated as described above) and an 8iameter piece of bleached coral for shelter
(Plate 2.1c). Water parameters and shrimpintenance were as described in the

acclimation protocol.

PLATE 2.1 Facilities at AIMS a) CEF, logone system and c) broodstock tanks.

Experimental procedures

2.2.1 MP — SH pairing

The experiment run in March and April, 2007, and aimed to identify the size at which
MPs were sexually mature and examine if Skk affects fecundity. Pairs made up of
one MP and one SH shrimp were grouped based on three size categories of the SH:

1) Small (Sml), mean 35.0 (£ 0.2) mm TL.
2) Medium (Med), mean 40.1 (£ 0.2) mm TL.

3) Large (Lrg), mean 52.4 (+ 1.4) mm TL.
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The MPs were 34.0 (x 0.2) (range 32.4 — 34.7) mm TL and were randomly allocated
across the treatments. The Sml and Med grbapsseven replicates, while the Lrg group
contained six replicates, due taufficient numbersf large SHs.

Measurements of intact moults (TL, frotihe tip of the rostrum to the end of the
telson, by digital callipers) praded information on the size de animals (Plate 2.2a).
Alternatively, if the moult was not intacthe shrimp was removed from the tank and
measured to the nearest 0.1 mm. Monitoringndfviduals withinpairs was possible by
size differences and/or differing moult stagesin instances where moulting was likely
to be synchronous, the carapace or uropods of individuals were colour-coded using
permanent markers. The experiment was completed when all SHs had completed a
spawning cycle.

The parameters recorded were:

a) The volume the egg mass occupied (lengtwidth x depth), expressed as a

percentage of the available egg camgyarea (abdominal length x abdominal
width x abdominal depth in mih Zero percent repsented no spawn and 100
total egg cover. Recordings were talevery 2 days (Plates 2.2b and 2.2c).

b) The number of larvae hatching at eaclavep, referred to as viable fecundity.

Total counts of viable larvae were made by siphoning them from the broodstock
tanks each morning at 0800. To ensure lhatae were not inadvertently flushed

out overnight, a 150um filtewas placed on the outlet.
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b c

PLATE 2.2 Experimental procedures a) measm@nof a moult with djital callipers, b)
the equivalent of 100% egg cover on the abelomnd c) the equivale of approximately

20% egg cover on the abdomen.

2.2.2 MP size at phase change anftlience of social factors

The experiment was run in M& and April, 2008, and aimed to identify the time and
size at which MPs change to SHs and whether social environment plays a part in the
timing of phase change. Specifically, the effect of body size and sex composition of pairs
on the change to SH was tested by exposinglfPs (phase changandidates) to four
social conditions:

1) Alone (30.0 —32.0 mm TL).
2) With a similar-sized MP (both 32.0 - 34.0 mm TL).
3) With a larger MP (focal MP 32.0 - 34tOm TL, larger non-focal MP 35.0 - 37.0 mm

TL).

4) With an SH (focal MP 35.6 37.0 mm TL, SH 40.0 - 42.0 mm TL).

The size disparity of focal MPs in the lsidadth treatments was due to lack of more

MPs of an average size 33.0 mirh and is addressed in the statistical analysis of the

results. In treatments 3 and 4 focal MPs could be identified by diffsize. In treatment
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2, shrimp identification was either by differing moult stage or by different colour
permanent ink markers. Phase change was nated the MP spawned for the first time.
Each treatment had six regdites. The experiment was completed when all MPs (focal
and non-focal) became SHs.
The parameters recorded were:
a) Time (days) taken for the focal MPseaach treatment and, in treatments 2 and 3
for the non-focal MPs, to change to SHs.
b) Final size (mm TL) at phase change, for all MPs (focal and non-focal). Size was
measured preferentially from the moultcasionally the shrimp itself (for details

see 2.2.1).

Statistical analysis

The programs SAS v8.2 (SAS Institutec.lnCary, North Caplina) and SPSS v16.0
(SPSS Inc., Chicago) were used for statistaralysis. Percent egg cover across the 12
day incubation time was analysed using tMIXED procedure, data were arcsine-
transformed. For viable fecuityl counts and egg cover oretlday before hatch (DBH) 1-

Way ANOVA was applied, after log- and arasiniransformation of the data respectively.
Post-hoc analysis was carried out usingd8ht-Newman-Keuls test. The final length at
which shrimp changed phase, and the time taken to change, were analysed with the Least
Mean Square model. All interactions werstéal for significanceand the not significant

ones were subsequently removed. The modeécts for differences in initial length and

time to next moult.
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2.3 Results

2.3.1 MP — SH pairing

The area of the abdomen covered with eggs from the day of spawning (day 0) until
hatching in the three size classes of SHngh is illustrated in Fig. 2.1. All SH groups
demonstrated a significant decrease in tit@lrspawn over the 18ay incubation period
[F (6, 102) = 7.14P < 0.0001]. On day 6 average egg cover in all size groups was
similar, approximately 75%. In the Lrg SHs egg retention appeared to stabilize
thereafter, and before hatobi was approximately 70 (£ 17.6) %. Egg cover in the Sml
SHs decreased from 80 (x 8.7) % to 6QL2t3) %, whereas in the Med group reduction
of the egg mass was more pronounced, hiegc57 (x 12.9) % on the day prior to

hatching.

24



100 -
_. 80
X
bt —=—1Lrg SH
o 607 ——Med SH
o
o —a—Sml SH
o 40 A
(@)]
L

20
0
0 2 4 6 8 10 12
Day

FIGURE 2.1 Progression of egg cover of the abdominal area, expressed as a percentage
of total egg carrying area, during the 12 day incubation period, for each SH group (means

+ SEM, n =6 for Lrg SH, n = 7 for Med and Sml SH).

Egg cover the DBH was not significantlfifferent among the three SH groups,
ranging between 60-70% & 0.878) (Fig. 2.2). Howevethe number of larvae produced
by the Lrg SHs (231 + 102) was significantl§felient to the Med and Sml SH groups (70

+ 17 and 58 £ 17, respectively) (F [2, 18] = 5R%; 0.019) (Fig. 2.2).
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FIGURE 2.2 Percent egg cover of the abdortten DBH and number of viable larvae
produced at the end of the brooding period,efach SH size group (means £+ SEM, n =6
for Lrg SH, n = 7 for Med and Sml). Differetdtters indicate significant differences in

viable fecundity.

2.3.2 MP size at phase change anitlience of social factors

In regard to the time taken to change ph#se focal MPs pairedith a larger MP or

an SH changed at 24 and 20 days respectivetyle those maintained alone or reared

with a similar-sized MP changed in appmostely 18 days (Fig. 2.3). The differences

were not significantl = 0.260).
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FIGURE 2.3 Time taken for focal MPs in td#ferent treatments to change sex (means *

SEM, n = 6 reps per treatment).

Size at the time of phase change was ndmxb for the focal MPs in the different
treatments (Fig. 2.4). Adjusting for an aage initial length of 33.3 mm, the social
environment had a significant effect size at phase change (F (3, 19) = 17.13% P
0.001). The focal MPs in the different-sizedatment changed atetliargest size (39.6 +
0.5 mm TL), whereas those in the remaininggzhtreatments changed at approximately
36.0-36.5 mm TL. Those MPs reared alone redch final size of 37.1 (+ 0.9) mm TL

before changing to SHs.
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FIGURE 2.4 Final size (TL mm) at phase change of focat MPthe different social
environments (means + SEM, n = 6 reps per treatment). Different letters indicate

significant differences in final size.

The time taken for non-focaPs to change to SHs armsize at change were also
monitored. There were no sigméint differences within the same treatment for either
parameter® = 0.339 and® = 0.118, respectivelyput the non-focal MPs in the different-
sized treatment changed significarglpwer (23 £ 1 days) (F (1, 19) = 6.23257 0.022)
and at a larger size (38.8 £ 0.2 mm TL) (F (1, 20) = 25RX¥90.001) than the non-focal

MPs in the similar-sized treatment.

2.4 Discussion

ThelL. amboinensis MPs used in this study were already sexually mature at an average

34.0 mm TL, as opposed to a minimurzesiof 35.0 mm suggext by Fletcheet al.
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(1995). Although seemingly a minor differenceistbould have an important impact on
the establishment of functional pairs; for exampld,.ivurdemanni{a smaller temperate
species found in the Westernlgitic) MPs measuring 13 mm successfully mated with an
SH, but MPs of 12 mm were not succesgZhang and Lin 2005b). Moreover, the
smallestL. amboinensidPs used had a mean minimum size of 32.6 (+x 0.1) mm TL and
successfully fertilized the eggs of their $Hrtners, regardless tfe SH size. However,
the average number of hatchlarvae from all size groupsas lower than that usually
reported in the literature (Fletchet al 1995; Simoeset al 1998). Lower larval
production in the current study may be related to the observed brood loss.

Brood loss inL. amboinensiglid not differ significanyy between the SH groups, in
agreement with studies that have shown broodatity not to change with female size in
crustaceans (Kuris 1991; Oh and Hartnoll 1999)L .Irseticaudata brood losses were
similar for small, medium and large shp and ranged between approximately 11-14%
(Calado and Narciso 2003). Such losses were attributed to egg swelling by water uptake
(Amsler and George 198C€larke 1993; Figueiredet al 2008), resulting in an increase
in egg volume and a decrease in egg number, due to limited available egg carrying space.
However, in L. amboinensisss was greater than would be expected if embryo volume
increases were the only changes occurring.

Potential causes for early brood loss couldrim®mplete fertilization and egg loss at
oviposition (Kuris 1991; Ohrad Hartnoll 1999). Fertilizatn is not necessary for egg
attachment and unfertilized eggs will be tatemoved by the female (Bauer and Holt
1998). The failure of eggs to adhereth® pleopods would deice brood size (Kuris

1991), and this was especially noticeabléha Sml SH group, in which shrimp would
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frequently have an initial spawn of 80%his could be attributed to brooding
inexperience, since the smaller hermaphesdwould only have been functioning as
females for a short time (see the section on phase change).

Where crustacean brood losses are high,sgama@ has been demonstrated as the
cause of egg mortality (Fisher 1983&uris and Wickham 1987; Kuris 1991). In
carideans, losses due to parasites seem tessecommon. While parasite infestations
may be less likely, other causative diseasentsy such as pathogenic bacterial strains
(Vibrio spp), were present during culture and nfewe contributed to ‘over grooming’
of the egg mass and the potential removaheélthy eggs alongvith the diseased.
Females keep the incubated embryos hgdly grooming the egg mass with their highly
specialized appendages (fes 1983b; Kuris and Wickham 1987; Bauer 2004). This
behaviour was evident in all experimentabmboinensishrimp.

Finally, sudden changes in environmental parameters (e.g. temperature, pH) and
continuous handling are known to cause staass contribute to brood loss in berried
decapod females (Kuris 1991; Smith andaRi2005). Even though such disturbances
were kept low, it is possible that thegntributed to the observed brood loss.

As is well established in crustacean studiesiindity increases with increasing female
size (Corey and Reid 1991; Kuris 1991; Metial 1998; Calado and Narciso 2003;
Figueiredoet al 2008), so it would be expected thatger females would produce more
eggs and be able to hold more embrgostheir abdomen. Calado and Narciso (2003)
found embryo volume ih. seticaudatato be on average the same across all SH size
groups examined. Assuming this floramboinensisand given that, proportionally, egg

cover of the abdomen did not vary signifidgracross groups, the difference in viable
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fecundity could be due to éhnumber of eggs laid and to the available area for
attachment. Accordingly, offspring outputanquantitative gradient should be higher for
large SHs > medium SHs > small SHsisthvas generally observed. However, the
difference was only significant for the Lrg SHvhich produced approximately 3 times

more larvae than the other two groupstMah production between the Med and Sml SHs

was similar and may be related to these groups being closer in average body size. Factors
such as experience in brood care may als@ mafluenced fecunty, with the Lrg SHs

more capable of caring for the attached eggs. This group’s prolonged experience in
brooding would have led to the enhanced survival of incubated embryos.

Lysmata amboinensis reffered to as a “low densitgr “pairs” species (Bauer 2006),
since in nature individuals are found in smadigregations or in pairs. It would make
evolutionary sense for the MPs kept singlybecome SHs early osp that they could
potentially mate with any other con-specificgiven the opportunity. On the other hand,
there would be an advantage in delaying phase change because the MP could allocate
more energy to growth, since sperm prddauc is much less energetically expensive
(Baeza 2006). Larger size at thime of change would result in higher reproductive
success as females, since in carideans |degeale body size is positively correlated to
higher fecundity (Calado and Narciso 2003; Bauer 2004). The et&d1 mm may be
the balance point between these two influérfaators. That could be considered the
“default” size at phase change far amboinensisunder the current conditions of
cultivation, i.e. the size at which MPs would also assume female function, regardless of
social situation. However, the result shobkl viewed with caubin, since using smaller

MP individuals could potentily give different results.
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In those treatments consisting of MP pailh&re would initially be no opportunity for
reproduction and it would thus be advantagdou®ne in the pair to change. The larger
MP in the different-sized pairs invariabghanged phase first, confirming a size-ratio
induction (Baeza and Bauer 2004). The smallesMPthe same treatment continued to
grow and finally changed at aeinot significantly different to that of their partners. MPs
in the similar-sized pairs took approximatéhe same time to change phase, and both
became SHs at a similar, but smaller thhe “default”, size, confirming a sex-ratio
induction (Baeza and Bauer 2004). This implies it was more important to start
reproducing, rather than reach the “ideal” size before doing so. The fact that both MPs in
the different- and similar- sized pairs chathgghase at a not sigreintly different length
to each other points to a size-assortative mating strategy. This strategy has been proposed
for other “low density”, gonochoristic or hmmaphroditic caridean species (Correa and
Thiel 2003).

Those MPs reared with an SH weremediately presented with a chance for
reproduction, since they could inseminate ieemaphrodite. Therefore, they could have
delayed changing sex until they reachecoptimum size. However, these MPs changed
at a smaller size than the “default”. The m@sare not entirely clear. The smaller than
expected size at phase change mayxpéamed by competition for food with the much
larger SH, further supported by the longer time it took the MP to reach that size. Another
possible reason for the early change may be connected to the fatt \aildboinensis
pairs reportedly consist mdynof SHs (Wirtz 1997; Baer 2000; 2006). Thus it may be
the case that when MPs are paired with SHs wmyld change regardis of size to fulfil

their ecological role.
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When Baeza and Bauer (2004) examinedvurdemannifor socially mediated sex
phase change, they found that single MPsghd significantly faster than MPs reared
with an SH, and no other significant differences were detected. In the case of L.
amboinensisdifferences in focal MPs and time to change were not significant, but the
trend was similar (to the aforementioned study)Xhat single MPs changed earlier than
those paired with an SH. Calado and Dinis (2007) reported thatseticaudataviPs
reared individually did not change phased asuggested that in this species tactile
interactions may be necessary to initiate glease change. The aath also reported that
rearing density had a significant influence on the number of juvénilgeticaudata
changing to SHs (Calado ar2inis 2007), true also for MR.. wurdemanni(Lin and
Zhang 2001a; Zhang and Lin 2007). In theelagtudy, recruitment and mortality would
further trigger phase change d¥IPs (Zhang and Lin 2007). Although both
aforementioned species are “crowd species” (Bauer 2000), the findings, along with those
reported in the current study for a “pairs spegisgggest that social interactions play an
important role in sexual phase changéysmata

Apart from the social conditions examined here lforamboinensisthere may be
numerous other factors influencing the chatm&Hs. Future stues should investigate
if, and how, low density juvéle groups, natural recruignt and mortality, seasonal
variation of abiotic parameters and natudéet may affect sex phase changeLin

amboinensis
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Chapter 3

(Published as: Tziouveli, V., M. Hall and G.Smith. 2011. The Effect of Maturation
Diets on the Reproductive Output of the white-striped cleaner shrimpLysmata

amboinensis Journal of the World Aquaculture Society 42(1):56-65)

The Effect of Maturation Diets on the Reproductive Output of the

white-striped cleaner shrimp, Lysmata amboinensis

3.1 Introduction

The marine ornamental trade is a multi-million dollar industry which is growing in
popularity. As a result, demd for specific species, inding the high-value white-
striped cleaner shrimp,. amboinensisis increasingly threatemy the sustainability of
the industry. Many marine species sold ie @guarium market are collected fro