
While the contribution of small-scale aquaculture (SSA) to rural development is
generally recognized, until now there has been no systematic assessment to clearly 
measures its contribution. The FAO Expert Workshop on Methods and Indicators for 

Evaluating the Contribution of Small-scale Aquaculture to Sustainable Rural Development 
held in Nha Trang, Viet Nam, from 24 to 28 November 2009, attempted to develop 

an indicator system to measure the contribution of SSA. The workshop used a 
number of processes and steps in the developping the indicator system, including: 

(i) understanding the subject of measurements; (ii) identifying an analytical framework 
and ratting criteria (iii) developing a list of SSA contributions; (iv) categorizing the contributions; 

(v) devising and organizing the indicators of contribution; and (vi) measuring the indicators.  
The major outcome was the development, through an iterative process, of an indicator 
system which can provide a good measure of the contribution of SSA based on agreed 

criteria (accuracy, measurability and efficiency) and the sustainable livelihood 
approach analytical framework which consists of five capital assets (human, financial, 

physical, social and natural) and can be used for various livelihoods options.
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Abstract

This technical paper presents a global review on the use of aquatic macrophytes as feed 
for farmed fish, with particular reference to their current and potential use by small-scale 
farmers. The review is organized under four major divisions of aquatic macrophytes: algae, 
floating macrophytes, submerged macrophytes and emergent macrophytes. Under floating 
macrophytes, Azolla, duckweeds and water hyacinths are discussed separately; the remaining 
floating macrophytes are grouped together and are reviewed as ‘other floating macrophytes’. 
The review covers aspects concerned with the production and/or cultivation techniques and 
use of the macrophytes in their fresh and/or processed state as feed for farmed fish. Efficiency 
of feeding is evaluated by presenting data on growth, food conversion and digestibility 
of target fish species. Results of laboratory and field trials and on-farm utilization of 
macrophytes by farmed fish species are presented. The paper provides information on the 
different processing methods employed (including composting and fermentation) and results 
obtained to date with different species throughout the world with particular reference to 
Asia. Finally, it gives information on the proximate and chemical composition of most 
commonly occurring macrophytes, their classification and their geographical distribution 
and environmental requirements.

Hasan, M.R.; Chakrabarti, R. 
Use of algae and aquatic macrophytes as feed in small-scale aquaculture: a review. 
FAO Fisheries and Aquaculture Technical Paper. No. 531. Rome, FAO. 2009. 123p.
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Introduction

Using feeds in aquaculture (sometimes referred to as aquafeeds) generally increases 
productivity. However, to maximize cost-effectiveness, it is particularly useful in 
small-scale aquaculture to utilize locally available materials, either as ingredients (raw 
materials) in compound aquafeeds or as sole feedstuffs. 

There is also a vital need to seek effective ingredients that can either partially or 
totally replace marine ingredients as protein sources in animal feedstuffs generally, in 
particular in aquafeeds. While this broad topic is not dealt with in this  review, many 
introductions to the literature of the past two decades are available, including New and 
Csavas (1995), Tacon (1994; 2004;), Tacon, Hasan and Subasinghe (2006), Tacon and 
Metain (2008), New and Wijkstrom (2002),  FAO (2008) and Huntington and Hasan 
(2009).

This review deals with the characteristics of aquatic raw materials for use as feeds in 
small-scale aquaculture, namely algae (principally macro-algae – commonly referred to 
as seaweeds) and aquatic macrophytes. Aquatic macrophytes are aquatic plants that are 
large enough to be seen by the naked eye. They grow in or near water and are floating, 
submerged, or emergent.  

Information includes current and potential usage of these materials by small-scale 
aquafarmers for target fish and crustaceans, together with details on their classification, 
characteristics (including such factors as their natural distribution and environmental 
requirements), production and chemical composition.

The review has been divided into seven major sections: one dealing with algae; 
four sections on floating macrophytes (namely Azolla, duckweeds, water hyacinths 
and others); a section on submerged macrophytes; and one on emergent macrophytes. 
Finally, the review contains a concluding section which summarizes previous 
chapters.






