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ABSTRACT

Penaeid shrimp farming consONtes the most imponant aquaculture sector in

economic value. In recent years however, the activity has faced slower progress in

production despite a rapid intensification of production methods. The description and

quantification of the food and feeding patterns of cultured penaeids may improve

resource-usc efficiency and conserve inputs critical to the sustainabiJity aCthe activity.

This thesis investigated the food and feeding patterns of Pmanu suINt/is under

laboratory-controllcd and culture conditions. Vidco-RCOrding of shrimp feeding

beh.avioun was used to enrniDe food haodlin& efficieucy and size selectivity. Shrimp

feeding levels in response to food dispersal method were determined through qwmtitativc

analysis of stomach contCllts and stable carbon isotope mass spectrometry. The abundance

of polychaclcs was used to study the effects of shrimp prMa!ion, stocking density and

supplemental feeding. Partial integration ofdata was carried out using STELLAIII D.

Results indicated that Pnwevs subtilis feed nwUpulation was inversely related to

food particle size. with Luge peUets being less preferred than small ones. Within the feed

size range examined, shrimp size had no significant efl'ed on baudling efficiency. Feed

broadcasting was a more effective method in rqards to shrimp food intake, resu.l.ting in a

greatcr access and a higher consumption of food mnong the cultured shrimp population, a

lower number of empty stomachs and a greater OCCWTence of feed in P. subtilis diet.

Ingestion of food was a function of shrimp body weighL Feeding intensity increased

..



progressively with shrimp size. but inversely in pcrccntaIe terms. Forqut c1ear.ux:e nates

peaked 3 h after food recovery. while the bulk of faeces was produced within I h.

Polychaete~ was affected by higher shrimp stoclcing densities. Artificial fceding

promoled higher polychaete levels, although was DOt capable: of aJleviatiDg shrimp grazing

pressure at increased stocking densities.

Results indicalcd that crumbles and broken pellets may be more advantageous in

the culture of Pertaew suhti/is. Feeds should be broadcast eVenly over lite culture area.

and administered regularly al continually reduced amounts. Rations should vary in

accordance to estimates of P. subli/is body weighl and account for the initial polychaele

abundance and shrimp stocking densities.
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CHAPTER 1

GENERAL INTRODUCfION

1.1 Geaeral CoasidentioDS

Aquaculture is the fastest growiDg food production system in the world. expanding

at an estimated annual me of loe..- since 1984 (FAD. 1997). In 1997, the industry

contributed with 27.6% aCthe global aquatic output, gcneratillg ]6.0 million mt of more

than 300 species of finfish, sbellfish and aquatic planu valued al USS 50.3 billion (FAD,

1999). Despite its Low overall volume representation (only 2.6%), peaaejd shrimp' is the

most imporuot cultured group in moncwy tenns, ac.eouobDg aIooe in 1997 for 12.0% or

USS 6.1 billion of the toW estimated value generated by the aquaculture KCtor (Figure

1.1).

Historically, cultivation of marine shrimp originated thousands of years ago in the

Medilerraneao region (Brown, 1983) and to the 15th ceDtuty a.d. in lndooesia (Ling,

1977). Nowadays, the activity bas modernised and is DOW established in Ova'" SO coumries

In.c name "shrimp" is used bcR to cio=dc the families Pa.adIe"ud '-Pr PaIacmmIidae

CHohbuis. 1910), wbicb CIQCUf in mariDt, l;SlUarinc aa:l 6ab waters. PaIaeicIK laXCDOIDic

classification adopted in this wort in ac.cordaDee 10 Percz·F~(1911) IIIlId DaI1 et al. (1990).

A recent change in nomenclature has been proposed for the Pmacoidc:an shrimp (PeIu-Farfame

and Kcnslc:y, 1997), but it has DOt yet been widely aeceplCd.



700 -----,

600r
'€" 5001----.
w 400--

'"~ 300 I~
j200-

100

~ I

..-LLL.J.,..l-LLL,.LJ-L-4 ~ 10

-o-Growth RateGiIiIilProduction
100 ,----------- ----, 40

~ ~ ::::j~:~~:: ~ I
:5 50 \.. 15 ;:Q

~ 40 10 ;.

i: ~j :~
10 1 4
OJ.WUO........,.UiL~--'-'L.1._

Year

Figure 1.1: Annual estimated value (USS x 10·), annual production (kg x 10·) and

annual compounded growth rate (%) of the penaeid shrimp farming industry

since 1984. Oatacompiled from FAO (1999).



(Rosenberry, 1998) located in both tropical and sub·tropical areas aroWld the globe. With

its increasing demand and economic value (Figure: 1.1), fanned penaeid shrimp

production has grown 81.7% since 1984. The sector now constitutes almost half (47.3%)

of the world penaeid landings, with over 86% of its total volume represented by only four

species (PenCleu5 ",onodan, P. vannCl",ei, P. chinensis and P. ",erpiensis).

In recent years however, the sustainabilitY of the activity has been questioned. The

industry has shown relatively slower rates of development, with substantial production

declines in some instances (Figure 1.1). Contradictorily, these reducing patterns have

been associated with over·intensificatioD of production driven primarily by market forces

and competitive use of the resources (FAO, 1997, 1(98). In marine shrimp farming, this

rapid trend towards more intensive forms of husbandry has resulted in overloading the

carrying capacity of the aquatic environment, creating self.pollution problems and disease

outbreaks. These and other environmental·related difficulties have caused sudden losses

and discontinuous progress in production a.,d the industry now faces constant scrutiny for

its ecological impacts. These constraints are now recognised as the major obstacles for

further expansion oflhe activity (FAO, 1998).

2 Sustainable development iii the manaaement and conservation of the narunl resource base and

the orientation of technological and institutional change in such • manner as to ensure the

attainment and continued satisfaction of human n«<Is for present and future generations. Such

sustainable development is environmentally non-dcgrading, technically appropriate, economically

viable and socially acceptable (FAO, 1988),



1.2 Rationale .ad Researcb Objectives

At present. the bulk of marine shrimp production is still derived from extensive and

semi-intensive culture systems, operating under low shrimp stocking densities and with

cilber some or DO external food provision. Under these conditions.. natural productivity

acts as a major food source, and although lower yields are achieved, these systems are

considered more sustainable than intensive ones (phillips, 1995; Tacon and De Silva.

1997; Nunes and Parsons, 1998a).

In less intensive production systems, environmental control, manipulation and

management arc intended primarilY to relieve nutrient limitations of the ecosystem to the

cuhured animal. to achieve maximum yield with a minimum quantity of external input

and ecological impact. Semi-intensive systems are characterised by a complex food web

structure and netWork of relationships (Figure 1.2). The Datura.I diet of the shrimp is

supplemented with inputs of formulated food.. Fertilisation promotes natura.! productivity

and water quality is enhanced by increased water exchange rates, thereby allowing higher

stoclcing densities and improved yields.

The functioning of the system involves chemical, biological and physical processes

that interact with the pond. biota in a continuous stale of flux, and tends to be

accompanied by physiological and behaviounl responses from the cultured species.

Water quality characteristics may change significantly over 24-h periods. mainly due to

respiration and photosynthesis. Penaeid shrimp may alter food web structure through

predation, while displaying ontogenetic variations in their feeding patterns. Some



Figure 1.2: A conceptual model or nutrient flow in a tropical semi-intensive penacid

shrimp pond. Formulated food is used to supplement the shrimp's natural

diet (Nunes and Parsons, 1998a).



Penaew spp. for example, may modify their diet during the rearing cycle, which often

involves a shift from detritus source dependency to more animal-based sources at large!"

body sizes. In nature, these dietary altentions are apparenLly associated with the change

in habitat as pcnac:ids grow.

In this changing environment, feeding patterns of peoaeids are structured on three

elements: its own behavioural and physiological cues; the physical, chemical and

biological components of the culture system; and, the elements that comprise a feed

management regime (Figure 1.3). The way these structural elements change over time,

are controlled, and their inter-relationships have yet to be described completely or

quantified. As a consequence, only a portion of the organic matter and nutrients in

pelleted feeds that enter the system is convened to shrimp flesh and removed from ponds

at harvest. The remainder may either be consumed or recycled by the pond biotic

community; flushed from the system with water exchange; or deposited in the pond

sediment acting as a source of organic pollution. Little is also known about the faclors

that dictate the abundance aDd productivity of important shrimp prey speciC$ in

aquaculture ponds, impairing attempts IOwards maximisation ofnatunl food use.

It is now recognised that efforts 10 improve resource-use efficiency, including

naturally occuning pond food sources, and 10 conserve critical inputs, such as formulated

foods, will become increasingly imponant in aquac:u.lture (phillips, 1995; Tacon, 1996;

Tacon and De Silva. 1997; Nunes and Parsons, 1998a). Studies on these subjects will

undoubtedly lead 10 favourable implications in the long-tenn sustainability oftbe activity.
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figure 1.3: A conceptual model of shrimp feeding pancms in a semi-intensive C1I1ture

system. The model is represclIed by three components: M, management;

CA, cultured animal; and, CE, culture environment. RelationslUps are

indicated by arrows (finc arrows, within components; thick arrows. between

components). Source: Nunes and Parsons (1998a).
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