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ABSTRACT

Penaeid shrimp farming i the most i sector in

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

production despite a rapid i ification of ion methods. The iption and

quantification of the food and feeding pattens of cultured penacids may improve
resource-use efficiency and conserve inputs critical to the sustainability of the activity.

This thesis investigated the food and feeding patterns of Penaeus subtilis under

y and culture itions.  Vids ing of shrimp feeding

behaviours was used to examine food handling efficiency and size selectivity. Shrimp

feeding levels in response to food dispersal method were determined through quantitative
analysis of stomach contents and stable carbon isotope mass spectrometry. The abundance
of polychaetes was used to study the effects of shrimp predation, stocking density and
supplemental feeding. Partial integration of data was carried out using STELLA® I

Results indicated that Penaeus subtilis feed manipulation was inversely related to
food particle size, with large pellets being less preferred than small ones. Within the feed
size range examined, shrimp size had no significant effect on handling efficiency. Feed
broadcasting was a more effective method in regards to shrimp food intake, resulting in a
greater access and a higher consumption of food among the cultured shrimp population, a
lower number of empty stomachs and a greater occurrence of feed in P. subtilis diet.

Ingestion of food was a function of shrimp body weight. Feeding intensity increased



progressively with shrimp size, but inversely in percentage terms. Foregut clearance rates
peaked 3 h after food recovery, while the bulk of faeces was produced within 1 h.
Polychaete abundance was affected by higher shrimp stocking densities. Artificial feeding
promoted higher polychaete levels, although was not capable of alleviating shrimp grazing
pressure at increased stocking densities.

Results indicated that crumbles and broken pellets may be more advantageous in
the culture of Penaeus subtilis. Feeds should be broadcast evenly over the culture area

and init regularly at i reduced amounts. Rations should vary in

accordance to estimates of P. subtilis body weight and account for the initial polychaete

abundance and shrimp stocking densities.
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CHAPTER 1
GENERAL INTRODUCTION

1.1 General Considerations

Aquaculture is the fastest growing food production system in the world, expanding
at an estimated annual rate of 10% since 1984 (FAO, 1997). In 1997, the industry
contributed with 27.6% of the global aquatic output, generating 36.0 million mt of more
than 300 species of finfish, shellfish and aquatic plants valued at USS$ 50.3 billion (FAO,
1999). Despite its low overall volume representation (only 2.6%), penaeid shrimp' is the

most important cultured group in monetary terms, accounting alone in 1997 for 12.0% or

USS 6.1 billion of the total esti value by the sector (Figure
1.1)

Historically, cultivation of marine shrimp originated thousands of years ago in the
Mediterranean region (Brown, 1983) and to the 15th century ad. in Indonesia (Ling,
1977). Nowadays, the activity has modernised and is now established in over 50 countries
'"The name “shrimp” is used here to denote the families Penacidac and larger Palacmonidac
(Holthuis, 1980), which occur in marine, estuarine and fresh waters. Pemacidac taxonomic
classification adopted in this work in accordance to Pércz-Farfante (1988) and Dall er al. (1990).

A recent change in nomenclature has been proposed for the Penacoidean shrimp (Pérez-Farfante
and Kensley, 1997), but it has not yet been widely accepted.
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Figure 1.1: Annual estimated value (US$ x lo‘), annual production (kg x 10%) and
annual compounded growth rate (%) of the penaeid shrimp farming industry

since 1984. Data compiled from FAO (1999).



(Rosenberry, 1998) located in both tropical and sub-tropical areas around the globe. With
its increasing demand and economic value (Figure 1.1), farmed 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 (Penaeus monodon, P. vannamei, P. chinensis and P. merguiensis).

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

industry has shown relatively slower rates of with
declines in some instances (Figure 1.1). Contradictorily, these reducing patterns have

been iated with i ification of ion driven primarily by market forces

and competitive use of the resources (FAO, 1997, 1998). 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 and the industry now faces constant scrutiny for
its ecological impacts. These constraints are now recognised as the major obstacles for

further expansion of the activity (FAO, 1998).

2 is the and ion of the natural resource base and

the ion of ical and institutional change in such a manner as to ensure the

attainment and continued satisfaction of human needs for present and future generations. Such
) i s z : <

viable and socially acceptable (FAO, 1988).



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

either some or no external food provision. Under these iti natural

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 ion systems, i control, ij ion and

management are intended primarily to relieve nutrient limitations of the ecosystem to the

cultured animal, to achieve maximum yield with a minimum quantity of external input

and ical impact. Semi-i ive systems are ised by a complex food web
structure and network of relationships (Figure 1.2). The natural diet of the shrimp is
supplemented with inputs of formulated food. Fertilisation promotes natural productivity
and water quality is enhanced by increased water exchange rates, thereby allowing higher
stocking densities and improved yields.

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

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

by i ical and i from the cultured species.

Water quality istics may change signi: over 24-h periods, mainly due to
respiration and photosynthesis. Penacid shrimp may alter food web structure through

while di: i i iati in their feeding pattens. Some
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Figure 1.2: A conceptual model of nutrient flow in a tropical semi-intensive penaeid
shrimp pond. Formulated food is used to supplement the shrimp’s natural

diet (Nunes and Parsons, 1998a).



Penaeus 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 larger
body sizes. In nature, these dietary alterations are apparently associated with the change
in habitat as penaeids grow.

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

its own i and i i 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 and their i i ips 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 converted 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 factors

that dictate the and ivity of i shrimp prey species in

aquacuiture ponds, impairing attempts towards maximisation of natural food use.
It is now recognised that efforts to improve resource-use efficiency, including
naturally occurring pond food sources, and to conserve critical inputs, such as formulated

foods, will become i i i in (Phillips, 1995; Tacon, 1996;

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

lead to implications in the long: inability of the activity.



Figure 1.3: A conceptual model of shrimp feeding pattems in a semi-intensive culture

system. The model is by three M,
CA, cultured animal; and, CE, culture environment. Relationships are
indicated by arrows (fine arrows, within components; thick arrows, between

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