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All SARNISSA case studies will be included
in the Aquaculture Compendium, an 
interactive encyclopaedia with worldwide 
coverage of cultured aquatic and marine 
species.  www.cabicompendium.org/ac 
ummary 
South Africa (SA) is the world’s third largest abalone producer. The industry is now 
challenged by restrictions on access to wild kelp, which is the natural food for abalone. 
Abalone farmers in SA have recently begun implementing integrated multi-trophic 
aquaculture (IMTA) with the seaweed Ulva lactuca L. and the abalone Haliotis midae L. The 
positive aspects include: 1) better abalone growth when fed with mixed algae diet, 2) farm 
effluent reduction, 3) avoidance of contaminated seawater during red tides/oil spills, 4) 
promoting employment in rural coastal communities. This case study presents a 
quantification exercise that compares the ecological-economic costs/benefits associated 
with the seaweed-culture integration into the abalone industry. Data from an abalone farm 
from the Western Cape with annual production of 240 metric tonnes (MT) was used. The 
ecological-economic performance of abalone production in monoculture using a water flow-
thorough system was compared against two IMTA scenarios, with water recirculation 
through a seaweed culture unit that replaces part of the wild kelp consumption. The 
comparison of monoculture with IMTA scenarios indicates an overall economic gain of 
between 1.1-3.0 million US$ per year. This range of values reflects the effects of adopting 
IMTA on the farm's profit and the environmental gains, which represent 80% of the 
estimated overall benefits and includes: avoided kelp bed restoration, reduced nutrient 
discharge and avoided greenhouse gas emissions (due to energy savings). This analysis is 
particularly important in informing the SA industry and regulators about the value of the 
implementation by the abalone farmers of IMTA systems. For this particular case study the 
message is that the IMTA approach provides substantial economic incentives to the 
abalone farmers and even larger benefits to the public, compared with the abalone 
monoculture production. 
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Ecological and economic assessment of the role of 
seaweeds in abalone integrated multi-trophic aquaculture, 
a South African case study 

Background 

Abalone is one of the most highly priced aquatic resources and has been used as food for 
many decades, especially in Asia. The abalone is an herbivorous marine gastropod (genus 
Haliotis) that distributes worldwide between tropical to warm temperate seas, along rocky 
shores and sub-tidal water. Of the 100 species of abalone about 10 have commercial 
value. All over the world the cultivation of abalone developed rapidly driven by the 
declining of wild stocks mainly due to over fishing. For more information regarding biology 
and cultivation of abalone refer to AquaNIC – Aquaculture Network Information Center: 
http://aquanic.org/species/shellfish/pubs.php#Abalone. South Africa (SA) is the world’s 
third largest abalone producer and the largest outside Asia (Troell et al., 2006). The main 
cultivated species is Haliotis midae, which is highly appreciated in East Asia, the main 
importer being Hong Kong. For more details about H. midae cultivation in SA refer to Sales 
and Britz (2001) and Robertson-Andersson et al. (2008 - use 
http://www.slideshare.net/drobertsonandersson for online contents). The development of 
the SA abalone industry is shown in the following timeline: 

Timeline about major events occurred in the development of the SA abalone industry 

1981 Start of abalone cultivation - Successful spawning of captured specimens to 
produce spat and juveniles (Sales and Britz, 2001). 

Late 1980’s Establishment of the Aquaculture Association of Southern Africa (AASA) in 
order to represent the interest of the then fledgling aquaculture industry in 
Southern Africa: http://www.aasa-aqua.co.za/ . 

1990 A concerted research and development effort to establish commercial 
abalone farming: joint effort initiated by the University of Cape Town 
(http://www.uct.ac.za/ ), the CSIR (http://www.csir.co.za/)  and Rhodes 
University (http://www.ru.ac.za/ ) in partnerships with three fishing 
companies (Sales and Britz, 2001). 

1990’s Rapid development of abalone cultivation (Troell et al., 2006). 

Late 1990’s Start of research into seaweed aquaculture as feed (Ulva and some 
Gracilaria) for abalone on the southeast coast (where there are no kelp 
beds) using abalone waste water (Robertson-Andersson et al., 2008). 

2001 Twelve abalone farms, with an estimated investment of US$12 million, have 
been established in SA, producing about 500–800 MT (Sales and Britz, 
2001). 

2000’s Five industrial abalone farms practice commercial integrate cultivation of 
the seaweed Ulva lactuca L. and the abalone Haliotis midae L. (Robertson-
Andersson et al., 2008).   

 
The industry is now challenged by restrictions on access to wild kelp, which is the natural 
abalone food. The development of the abalone cultivation industry was responsible for the 
rapid increase of kelp harvesting in SA seaweed concession areas (Anderson et al., 2003; 
Troell et al., 2006). The maximum sustainable yield was reached in some locations with 
high concentration of abalone farms (Troell et al., 2006). This was one of the main reasons 
for the introduction of seaweed culture; other reasons were as follows: 
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• Insufficient supplies of wild seaweeds for certain farms, to meet their requirements 
for fresh seaweed (Bolton, 2006; Hwang et al., 2009; Smit et al., 2007);  

• Scientific evidence that diets of mixed algal species accelerate abalone growth 
rates and quality relative to a pure kelp diet (Naidoo et al., 2006).  

• Cultivated seaweeds improve quality of farms' wastewater.  
• The ability for a land based abalone farm to disconnect itself from the sea for 

extended periods by water recirculation through seaweed ponds, during periods of 
red tides and oil spills. Red tides are recurrent along the SA coast and represent a 
threat to farmers due to abalone die-off or restriction on commercialization (Botes 
et al., 2003; http://www.botany.uwc.ac.za/envfacts/redtides/; 
www.aquarium.co.za/pdf/kids/educational/1c_elnino.pdf). 

Currently five industrial farms of the macroalgivore abalone practice commercial integrated 
multi-trophic aquaculture (IMTA) with seaweed and abalone Haliotis midae L. (Robertson-
Andersson et al., 2008). It is estimated that 1,200 MT of Ulva spp. was produced by the 
farms in 2007, making it the largest SA aquaculture product by weight; however these 
figures are unlikely to appear in summaries of local aquaculture data, as the seaweed is 
consumed internally on the farms (Bolton, 2006). For more details about SA abalone 
industry and wild kelp resources refer to Anderson et al. (2003), Bolton (2006), Troell et 
al. (2006), Robertson-Andersson (2007) and Simpson, B. (Presentation 4 at 
http://www.mcm-
deat.gov.za/mariculture/Aquaculture%20Workshop%20Final%2030.11.2006.pdf ). 

The ecological-economic assessment of the different aquaculture practices is extremely 
important for the sustainable development of aquaculture. This case study appeared as an 
opportunity to couple ecological and economic information about the impacts of 
aquaculture operations to support resource managers. It was the result of the integrative 
work, whereby a new assessment approach, the differential Drivers-Pressure-State-
Impact-Response approach (http://www.salum.net/ddpsir/; Nobre, 2009), was applied to 
a valuable dataset that recorded the integration of seaweed production into an abalone 
farm in SA in 2007. We first wrote this case study as a detailed scientific paper. Herein, we 
present the major outcomes of the detailed scientific work, re-written for a wider audience 
and in particular to provide guidance to decision-makers and other stakeholders about: 

• Application to other abalone farms in SA;  
• Assessing the ecological and economic impacts of other aquaculture operations;  
• Example of sustainable aquaculture practices to other African countries. 

Description 

Introduction and objectives 

The evaluation of the overall impact of a farm on the environment, people and profitability 
is necessary, to assist the decision-makers and other stakeholders in the efficient 
development and management of aquaculture and of coastal ecosystems. In aquaculture, 
where the environmental and the socio-economic systems are intertwined, information 
about the ecological and economic comparisons of different aquaculture options is of 
crucial importance (Nobre et al., 2009). A quantification of the ecological-economic 
gains/losses of several possible solutions is required to promote an efficient aquaculture 
management and of coastal ecosystems in general. Such an assessment requires 
interaction between scientists, management and other stakeholders; and the integration 
among disciplines (GESAMP, 2001: 
http://unesdoc.unesco.org/images/0012/001229/122986e.pdf) communities and different 
scientific disciplines, using mutually understandable terms and quantities. 

The promotion of sustainable aquaculture is particularly important for the African industry 
for the following reasons: 
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• Aquaculture can accrue social benefits in employment, income and food security, 
particularly important to poor, rural coastal communities (Ahmed and Lorica, 
2002; Kaliba et al., 2007);  

• Promotion of poverty reduction through employment, higher income and food 
security (FAO, 2005; Kaliba et al., 2007; Msuya, 2006; Robertson-Andersson et 
al., 2008; Troell et al., 2006);  

• In particular the abalone aquaculture industry in South Africa (SA) is the largest 
world producer outside of Asia (Troell et al., 2006). 

Among aquaculture sustainable practices, integration of fed species and “extractive” 
species in the modern form of polyculture called Integrated multi-trophic aquaculture –
IMTA (aka 'partitioned aquaculture' and 'aquaponics'), has been gaining recognition 
worldwide due to its combination of environmental, economic and social advantages (Neori 
et al., 2004; FAO, 2006; Allsopp et al., 2008). The use of macroalgae in particular, is seen 
as an important component of an IMTA system: while taking up dissolved inorganic 
nutrients (nitrogen, N and phosphorus, P), the produced algal biomass constitutes feed to 
other cultivated species or a product on its own (Chopin et al., 2001). In some countries, 
there are already also financial benefits being gained, promoted by government agencies, 
from the environmental advantages of practising IMTA (Bolton, 2006). 

The aim of this case study is to present the main outcomes of an ecological and socio-
economic evaluation (Nobre et al., submitted) about the integration of seaweed production 
in the abalone industry in SA, using data from a farm located in the Western Cape coast 
(Robertson-Andersson, 2007; Robertson-Andersson et al., 2008; Sankar, 2009). 

The Irvine and Johnson (I & J), Cape Cultured Abalone Pty, Ltd farm started in 1994 using 
a flow through system (scenario 1); in 2007 it then implemented a recirculation system 
using seaweeds on a pilot scale, which were harvested to feed 10% of the abalone 
(scenario 2); the seaweed ponds will be expanded to feed 30% of the abalone in 2009 
(scenario 3). 

Scenarios settings 

Production Scenario 1 Scenario 2  Scenario 3  

(MT/year) Monoculture Monoculture + IMTA Monoculture + IMTA 

Abalone 240 120 120 120 120 

Seaweed   120 360 

The assessment is reported following the differential Drivers-Pressure-State-Impact-
Response (⌂DPSIR) approach (http://www.salum.net/ddpsir/; Nobre, 2009) and considers 
two analyses: 

• The shift from scenario 1 to 2, i.e. from abalone monoculture (in a water flow-
through system) to the IMTA with seaweeds which recycles 50% water and replace 
10 % of kelp consumption with on-farm grown seaweed, and  

• The shift from scenario 1 to 3, i.e. from monoculture to the expanded seaweed 
ponds, predicted to replace 30% of kelp consumption with on-farm grown 
seaweed.  

Furthermore, details are provided regarding recommendations on the management of 
nutrient limitation due to seaweed expansion. The analysis is based on insights provided 
by an Israeli IMTA farm with abalone, fish and seaweeds – the Seaor Marine Ltd  
(http://en.wikipedia.org/wiki/Integrated_Multi-Trophic_Aquaculture#Israel; Neori et al., 
2004). A dedicated section on the social relevance is also provided. The assessment is 
reported next according with following organization: 
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• Farm description  
• Ecological-economic assessment of:  

o Drivers-Pressures-State-Impacts-Response 
• Management of nutrient limitation due to seaweed expansion  
• Social relevance  
• Concluding remarks 

Farm description and base experimental setup 

The analysis presented herein was based on the experiments by Robertson-Andersson 
(2007) at the I & J farm. Next are presented relevant transcriptions, from Robertson-
Andersson PhD thesis, about the farm and the base experimental setup. 

“The farm I & J Cape Abalone Mariculture Pty, Ltd. is a land-based intensive mariculture 
operation situated at Danger Point and has been in operation since 1994. The farm is 
situated on 11 ha of land and cultivates primarily abalone (H. midae). The abalone stock 
consists of spat and approximately 7.2 million grow-out abalone (+240 tons), which range 
from 1- to 6-year-old animals. The farm also cultivated fish e.g. Kob both the dusky and 
silver (Argyrosomus japonicus Temminck & Schlegel and A. inodorus Griffiths & Heemstra) 
Yellow-tail (Seriola lalandi Valenciennes) and Red Roman (Chrysoblephus laticeps 
Valenciennes), the west coast rock lobster (Jasus lalandii). Also small quantities of 
Gracilaria and Ulva are cultivated on an experimental scale. 

The farm consists of two platforms. The first platform has seaweed tanks for these 
experiments connected to it, while the second platform is currently being completed. In 
both platforms seawater is drawn from the sea into a pump house and then pumped 
directly into a header tank at a rate of 1 200 m³.h–1. From there it is gravity fed to either 
the abalone tanks or the seaweed tanks. The water is filtered through a 100 µm screen 
filter before entering the tanks. The water turnover rate for the header tank is 5-6 volume 
exchanges per day (V.E.d-1). Under normal farm conditions, effluent water from platform 
1, is returned directly to the sea. When the farm recirculates its water, effluent water is 
channelled to the re-circulation dam. Before going into the dam the water is drawn over a 
conveyor filter which removes about 85% of the water-borne faeces. The recirculation dam 
holds approximately 2500 m³ of water, and here some of the particulates are settled out 
due to sediment traps (a series of low walls in the dam which slow water motion and allow 
for sedimentation of particles). From the dam, about 1000 to 1500 m³ h-1 is re-circulated 
around the farm before returning to the dam from where excess wastewater is returned to 
the sea.” (in Robertson-Andersson, 2007). 

Experimental design: 

Long-term growth rates, health, water quality, physiochemical variables and sediment 
production of abalone in a recirculation system vs. abalone in a flow-though system have 
not yet been included in any comprehensive analysis that also covers economical aspects. 
This study was initiated to monitor abalone Specific Growth Rate( SGR) and health of 
abalone fed a single diet (kelp only) in two cohorts, through regular monthly sub-sampling 
in a 25% and a 50% re-circulating unit, with a flow-through unit as a control. SGR sub 
samples were compared against tank biomass data obtained from farm grading data. In 
addition water quality was monitored over four 72-h periods, to compare temperature, pH, 
dissolved oxygen, ammonium and phosphate. The study period which incorporated several 
smaller studies (bacteria, mobile macro-fauna and sediments) commenced in September 
2003 at 25% recirculation and was completed in May 2005. This was done to gain a 
complete seasonal data set and allow for seasonal overlap. A second cohort was placed in 
the tanks in late June 2005 and was cultivated until January 2006 with the recirculation 
rate being 50%. Small scale experiments were run with these animals looking at the 
effects of higher recirculation rates (50% and 75%) on water quality and sediment 
production.” in Robertson-Andersson (2007). 

  6



  EC FP7 Project, SARNISSA Ecological and economic assessment of the role of 
seaweeds in abalone integrated multi-trophic 

“Experiment setup: 

The experiment was performed at I & J in the farms concrete flow through tanks (6.6 m l x 
2.08 m w x 0.88 m d; + 12,000 L). The experimental units were designed and built in 
August 2003, and consisted of 3 separate integrated units and three separate flow-through 
units. In September 2003 the units were stocked with abalone 15 g (+ 2.5 g) in weight, 
from the same broodstock. The abalone culture tanks contained 24 Ivey Blue upTM 
baskets and there were 550 abalone per basket. In September 2004 the entire experiment 
was graded and the stocking density was reduced to 450 animals per basket. 

90 kg of fresh kelp per week, was fed to the animals, for the duration of the experiment 
(60 kg on Mondays and 30 kg on Fridays). The average protein content of the kelp was 
7.8% (Simpson, 1994; Simmons, 1990). The abalone tanks were drained and cleaned 
once a week as per farm cleaning methods. 

The 6 experimental seaweed tanks were 5 m x 1 m surface area and 0.6 m deep with an 
outlet 17 cm from the top. They were made of white PVC lining (to facilitate easy cleaning 
and to reduce light absorption) supported on a frame. The PVC lining was rounded on the 
bottom. The tanks were aerated by a 30 mm PVC pipe that ran along the bottom centre of 
the tank. Holes (3 mm) were spaced evenly every 250 mm along the pipe and the air was 
supplied by a Howard & Donkin channel blower. The seaweed tanks were stocked with a 
starting biomass of 10 kg (2 kg m² stocking density) of Ulva lactuca per tank and were 
harvested every 14 days to measure growth rates. The tanks were shaded with a 50% 
shade cloth from September to February. Four additional seaweed tanks that were being 
fed fertilized abalone waste water at 12 volume exchanges per day without recirculation 
(approximately double the water volume that each integrated seaweed tanks received), 
were used to compare seaweed growth rates and seaweed tissue properties. The fertilizer 
consisted of a 100 g mixture of Maxiphos and ammonium sulphate in a ratio of 1:6. 

Three abalone tanks were on a flow-through system receiving 6000 L per h. Three 
additional abalone tanks had their waste water gravity-fed to two seaweed tanks each. 
After the water passed through the 2 seaweed tanks 25% (1500 L) of it was pumped by a 
2 KW pump back to the abalone tank from which it originated, 4500 L per hour (75%) of 
seawater was supplied from the same source as the flow-through units. The overflow 
water exited the units from the seaweed tanks. The recirculation ratio of 25% was chosen 
for the long term monitoring as a small scale study done over 72 hours investigating 
physico-chemical variables at 50% recirculation, showed that the dissolved oxygen 
concentration very low and this may have detrimental effects on the abalone in a long 
term study (see Harris et al., 1999). 

Flow rates, stocking densities and other parameters relevant to Ulva lactuca Lin. 
cultivation in abalone effluent in the available seaweed tanks had been determined by 
Robertson-Andersson (2003). The data from this study was used in the design and set-up 
of the integrated system, in conjunction with abalone cultivation parameters as 
determined by the existing abalone cultivation conditions. The integrated units were set up 
to with a ratio 20 kg of abalone to 1 kg of seaweed based on the limitations of the abalone 
cultivation and optimization of seaweed growth and biofiltering efficiency as determined by 
Robertson-Andersson (2003).” in Robertson-Andersson (2007). 

Ecological-economic assessment  

The assessment is reported following the differential Drivers-Pressure-State-Impact-
Response (⌂DPSIR) approach (http://www.salum.net/ddpsir/; Nobre, 2009). 

 

The Driver of this case study is the abalone production (quantified by the profits), in 
monoculture and integrated with seaweed production. The Driver exerts Pressures on the 
environment, namely nutrient discharge, harvesting of natural kelp for feed and emission 
of greenhouse gases (GHG). The analysis of the State of the coastal ecosystem that 
receives the effluent had to be neglected, due to lack of synoptic data. The Impacts 
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(positive and negative) that the seaweeds caused on the farm environmental performance 
were analysed, namely the changes in farm nutrient discharges, GHG emissions and area 
of the kelp beds not harvested. The Response corresponds to the measures adopted by the 
farm managers to set up the IMTA. The analysis considered the 3 scenarios and consisted 
of two analyses of the shifts from the monoculture to the IMTA scenarios, i.e., from 
scenario 1 to scenario 2 and from scenario 1 to scenario 3. A synthesis is provided in the 
table below and each component is detailed next. 

Main results of the ecological and economic assessment about the role of seaweed 
production in an abalone farm. 

    Scenario 1 to 

∆DPSIR components scenario 2 scenario 3 

Changes in Drivers Profit (103 US$/year) 204 721 

N discharge (MT/year) -5.0 -3.7 

P discharge (MT/year) -1.1 1.4 

 Kelp harvest (ha/year) -2.2 -6.6 

Changes in 
Pressures  

(proxy for       
ecological          
Impact) GHG (103MT CO2/year)  -0.35 -0.29 

Impact Economic impact *1 (103 US$/year) 1 098 3 060 
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Response Response implementation cost    
(103 US$/year) 

12 36 

Net value of cost/benefits*2   (103 US$/year) 1 086 3 024 

GHG – Greenhouse gas, CO2. *1 Economic impact is given by the sum of change in profit 
with the value of externalities. *2 Net value of cost/benefits is given by total impact minus 
the cost of the response implementation. 

All monetary values are expressed in U.S. dollar (US$), using the average exchange rate 
for 2007 from IMF (International Monetary Fund) data (1 US$ = 7.24 Rand and 1 Euro = 
1.312 US$). Adjustments were made to equalize purchasing power between USA and SA 
using the purchasing power parity (PPP) for 2007 (1 US$ = 4.273 Rand) obtained from 
Worldbank database (http://devdata.worldbank.org/wdi2005/Table5_7.htm). 

Drivers 

The Driver, i.e., aquaculture production was quantified by profits of the I & J farm. Abalone 
sales were considered constant over the three scenarios: 240 MT/year with revenue of 378 
Rand/kg (converts to 88.46 US$/kg, using PPP) live abalone in all scenarios. The costs for 
scenario 1 were based on the farms running costs. For scenarios 2 and 3 the costs were 
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calculated based on scenario 1 running costs and on the additional costs or savings 
associated with the shift to the abalone/seaweed recirculation system. 

The estimated profit was higher in the IMTA farms than in the monoculture farm: 

    Scenario 1 Scenario 2 Scenario 3 

Drivers Profit (103 US$/year) 14 491 14 695 15 212 

The IMTA system reduced farm running costs relative to the abalone monoculture 
production system: 

Scenario 1 (monoculture) to IMTA scenarios: 

  
Scenario 2 Scenario 3 

Additional costs (x103 US$ per annum):
    

Labor for seaweed ponds 33 43 

Savings (x103 US$ per annum):
    

Abalone faster growth caused by mixed diet 168 590 

Energy reduction 13 9 

Kelp feed costs 55 165 

The items that contributed most to this result were:  

• Faster abalone growth to market size when fed a mixed diet of kelp and cultivated 
seaweed (4, 3.8 and 3.3 years in scenarios 1, 2 and 3, respectively) (Naidoo et al., 
2006);  

• Reduced harvested/purchased kelp feed by 120 MT in scenario 2 and 360 MT in 
scenario 3;  

• Energy savings due to a lower pump head in recirculation (5 m), relative to a head 
of 15 m in pumping water from the sea to the monoculture system (Robertson-
Andersson, 2007). 

The shift from monoculture to IMTA increases employment for the seaweed operation by 1 
manager with 2 workers and 1 manager with 4 workers in scenarios 2 and 3, respectively; 
this adds to labour costs, but constitutes a social benefit. 
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Pressures 

Nutrient discharge

Overall, the nutrient discharges for the different scenarios are estimated as follows: 

    Scenario 1 Scenario 2 Scenario 3 

Pressures N discharge (MT/year) 11.3 6.3 7.6 

  P discharge (MT/year) 4.8 3.7 6.3 

Significant decreases in discharges of N (-44%) and P (-23%) are estimated upon shifting 
the farm from scenario 1 to scenario 2. The reduction in N discharge is the result of 
seaweed uptake and decreased N accumulation in the abalone tanks. The reduction of P 
discharge is mainly due to a 50% reduction in water discharge to the sea that counteracts 
a small increase in the P concentration at the outlet of the recirculating system. 

A simple nutrient mass balance model predicted effluent discharge in scenario 3. 

The nutrient mass balance model predicts a decrease in N discharges (-33%) but an 
increase in P discharges (+30%) upon shifting from scenario 1 to scenario 3. The increase 
of the P discharge is due to the addition of fertilizer, which is required for the production of 
360 MT of seaweeds. 

Harvesting of natural kelp beds

The reduced harvesting due to the shift from monoculture (scenario 1) to IMTA (scenarios 
2 and 3), represents a decrease in harvest Pressure: 

    Scenario 1 Scenario 2 Scenario 3 

Pressures Kelp harvest (ha/year) 14.4 12.2 7.8 

This calculation considered the average kelp bed density in the concession areas of the SA 
coast (5.43 kg/m, Robertson-Andersson (2007)). 

The on-farm grown seaweed production of 120 MT for scenario 2 corresponded to an 
estimated decrease in the harvesting of natural kelp beds of approximately 2.2 ha/year 
compared with the abalone monoculture scenario 1. This reduction represents a cut of 3% 
in the total kelp harvest from South African natural kelp beds, which was about 4050 
MT/year in 2003 (Troell et al., 2006). The expansion of the seaweed production to 360 MT 
(scenario 3) represents a tripling in the estimated benefits to kelp beds relative to scenario 
2. 

Carbon dioxide balance

The change in GHG emissions was determined by a mass balance of sources and sinks in 
the different scenarios: seaweed carbon dioxide uptake and the difference in GHG 
emissions between monoculture and IMTA operations. Overall, estimates are as follows: 

    Scenario 1 Scenario 2 Scenario 3 

Pressures GHG (103 MT CO2/year) 11.6 11.2 11.3 
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The carbon dioxide emission balance (MT CO2 year-1) indicates a net reduction relative to 
scenario 1 of 345 MT in scenario 2 and of 268 MT in scenario 3, mainly thanks to the 
reduction in pump head height. Electricity saving of 350 MWh was estimated in scenario 2 
and of 245 MWh in scenario 3. The carbon dioxide uptake through seaweed net primary 
production was about 12 MT CO2 in scenario 2 and 35 MT CO2 in scenario 3. 

Future analysis refinement should include Life Cycle Assessment of carbon inventories in 
both monoculture and IMTA activities. 

State and impact  

The analysis of the state of the costal ecosystem that receives the effluent had to be 
neglected, due to lack of synoptic data. This case study considers the ecological impacts 
that the seaweeds caused on the farm environmental performance instead of considering 
the impacts on the state of the ecosystem resulting from the adoption of the IMTA. The 
changes in farm nutrient discharges, GHG emissions and area of the kelp natural beds not 
harvested were used to quantify the environmental externalities that result from the shift 
from abalone monoculture to the abalone-seaweed IMTA.  

The increased P discharge in scenario 3 compared with scenario 1 (+30%) represented the 
only negative environmental impact involved with scenario 3, largely due to the addition of 
fertilizer to sustain the necessary seaweed production. Remaining Pressure indicators 
showed that shifting from monoculture to an IMTA system translated into the following 
beneficial impacts: 

• Reduced N discharge (-44% in scenario 2 and -33% in scenario 3);  
• Reduced P discharge in scenario 2 (-23%);  
• Reduced use of natural kelp beds (-3% and -8.9% of total kelp harvesting in SA in 

scenario 2 and 3, respectively);  
• Reduced GHG emissions (-3% in scenario 2 and -2.3% in scenario 3). 

The corresponding economic Impact of IMTA was based on the difference in aquaculture 
profit as calculated in the Drivers section (it is assumed that there are no changes in the 
remaining activities that depend on the ecosystem) plus the value of the environmental 
externalities. The value of the environmental externalities was calculated based on avoided 
or additional costs due to: (i) nutrient treatment, (ii) kelp bed restoration and (iii) GHG 
offset. 

The quantified environmental externalities corresponded to an overall economic benefit to 
the environment of about 0.9 million and 2.3 million US$/year upon shifting the farm 
practice from abalone monoculture (scenario 1) to the IMTA scenarios 2 and 3, 
respectively. These benefits are mainly due to the avoided costs concerning kelp bed 
restoration in scenarios 2 and 3, which were 0.75 million and 2. 26 milion US$/year, 
respectively. 

The overall economic Impact associated with the shift from monoculture to IMTA is 1.1 
million and 3.1 million US$/year in scenarios 2 and 3 respectively. These positive values 
are a result of the benefits generated by the seaweeds directly to the farms (increased 
profits) and indirectly to the environment and the public (value of the externalities). 
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Response  

The measures adopted by the farm managers to shift the farm from monoculture to IMTA 
correspond to the Response. It involves financial costs, i.e. seaweed pond construction: 

Paddle pond costs US$ 

Concrete  9361 

Other components (e.g. electric motor) 4645 

Paddle wheels (shared by two ponds) 8031 

Total investment  US$ 

4 ponds 78,858 

12 ponds 236,574 

It is interesting to note that the investment is recovered in less than one year, given that 
the increase of profits obtained when shifting from monoculture to IMTA scenarios (0.20 
and 0.72 million US$/year to scenarios 2 and 3, respectively), is significantly higher than 
the total investment cost, estimated as only 79 thousand US$ and as 237 thousand US$ in 
scenarios 2 and 3, respectively. 

Calculation of the Response cost per annum considered 10-year depreciation for the 
concrete structure and 5-year for other components and is estimated as 12 and 36 
thousand US$/year in scenarios 2 and 3, respectively. 

Management of nutrient limitation due to seaweed 
expansion 

The seaweed nutrient requirements are met in full (99.7% of N and 99.5% of P) by inputs 
from the sea and from abalone production in scenario 2, but only partially (48.8% of N and 
64.9% of P) in scenario 3 as predicted by the nutrient mass balance model. 

Expansion of the seaweed production to 360 MT (scenario 3) is thus nutrient limited and 
requires an external source of fertilizer. 

A three-species IMTA farm with fish, abalone and seaweeds is an efficient and 
economically profitable solution to the seaweed fertilizing issue. The effluents from fed-fish 
culture supply the nutrients necessary for high yields of protein-rich seaweeds (Neori et 
al., 2004).  The entire seaweed N requirements of 60 MT N in the budget for this farm are 
met by the abalone and fish excretions (72 MT N). The seaweeds remove 71% of the total 
N input. From an economic perspective, either the integration of fish production into the 
IMTA, or merely obtaining fish effluent from a separate fish monoculture farm, would 
generate economic benefits to both the abalone-seaweed and the fish operations in the 
form of seaweed fertilizer and avoided fish effluent treatment. Such a practice is even 
more advantageous, from an economic perspective, where polluter pays taxes are 
applicable. 

Social relevance 

The direct permanent employment in the SA abalone industry has a large local impact in 
previously disadvantaged coastal communities, where any increase in employment is 
valuable. The I & J farm employs 5.5% of the men and 1.5% of the women from the local 
communities of Blompark, Groeneweldskerma and Masakhane (CSS, 2005; Robertson-
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Andersson, 2007). These positive social benefits are particularly relevant where 
unemployment is not only an economic issue but also a critical socio-political issue (Evett, 
2006; Kingdon and Knight, 2003): four in every ten adults of working age in SA are 
unemployed or have no access to or means of earning an income (Evett, 2006). According 
to Lewis (2001), the overall unemployment in SA in 2000 was above 36% and 50% in 
unskilled and semi-skilled workers, respectively. 

A more detailed analysis is still required to determine the full cascade of social impacts 
that the IMTA approach can have. In particular, and in order to complement the present 
ecological-economic assessment, future analysis should focus on the social cost/benefits of 
the IMTA scenarios compared with the monoculture production. Such analysis should 
include the multiplier effects to account for the indirect socio-economic effects along the 
entire market chain (abalone processing industry, restaurants, tourism, export industry, 
etc). 

Concluding remarks 

The outcomes of this case study should be considered by industry and regulators involved 
with the current expansion in abalone culture in SA and the development in other African 
countries. The present ⌂DPSIR analysis can help owners and regulatory officials in 
balancing the design of the farm with respect to nutrient mass balance towards reduced 
negative environmental externalities. As kelp is reaching limits of sustainable harvesting, 
particularly in kelp concession areas with high abalone farm concentrations, and with the 
forceful socio-economic incentives quantified in the present paper, it can be expected that 
two- and three-species IMTA farms can potentially become the industry norm, rather than 
the exception. More such analyses should be undertaken on other aquaculture practices 
and for other species of fish, shrimp, shellfish and macroalgae. Likewise, the ⌂DPSIR could 
be applied to compare the ecological and economic impacts of fisheries vs. aquaculture. 
Those studies should include a detailed quantification of aquaculture industry impacts on 
the entire cascade of employment and income of local communities. 

Further ecological-economic assessments of the different aquaculture practices are 
extremely important for the sustainable development of aquaculture. This is a very 
important issue for the African aquaculture industry given that if well implemented this 
industry can contribute for food security, increase income and employment and thus 
reduce poverty, without damaging the aquatic ecosystems. 
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O
 

rganizations 

Organization Type of Entity Organization Address Main Contact e-mail 
Web 

Address 
(URL) 

IMAR – Institute 
of Marine research 

Non-profit private 
research 
association 

IMAR, DCEA, Faculty of 
Science and 
Technology, UNL, 
2825-114 Caparica. 
Portugal 

ana@salum.net http://www1
.ci.uc.pt/imar
/unit/unit.ph
p  

Biodiversity and 
Conservation 
Biology, 
University of the 
Western Cape 

University Biodiversity and 
Conservation Biology, 
University of the 
Western Cape.  Bellville 
7535, South Africa. 

drobertson-
andersson@uwc.ac.za 

http://www.
uwc.ac.za/  

Israel 
Oceanographic 
and Limnological 
Research, 
National Centre 
for Mariculture 

Research Israel Oceanographic 
and Limnological 
Research, National 
Centre for Mariculture,  

P.O. Box 1212, Eilat 
88112, Israel 

aneori@gmail.com http://www.
ocean.org.il/
Eng

Department of 
Botany, University 
of Cape Town 

University Department of Botany, 
University of Cape 
Town, Rondebosch 
7701, South Africa. 

kishansankar@gmail.c
om 

www.botany.
uct.ac.za/  

W
 

ebsites 

Name  Address (URL) 

Site about assessment methodology used in the 
case study – Differential Drivers-Pressure-
State-Impact-Response 

http://www.salum.net/ddpsir

Slides about related presentations http://www.slideshare.net/drobertsonandersson
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I
 
llustrations 

Abalone distribution around the world. 

©Daniel L Gieger, Santa Barbara Museum of Natural History, Santa Babara, CA, USA 
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Map of the South African coast showing seaweed concession areas 

Department of Environmental Affairs and Tourism, South Africa 
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Upper left: chlorophyll (a proxy for phytoplankton) concentrations from satellite image; high 
concentrations are indicative of red tides (from http://www.bigelow.org/hab/saf.html). Lower 
right (©Deborah Roberston-Andersson): red tide moving towards the abalone intake (from 
http://www.slideshare.net/drobertsonandersson) 
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Seaweed paddle pond system (from http://www.slideshare.net/robertsonandersson) 

©Deborah Roberston-Andersson 
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Map of South Africa and farm location 

©Ana Nobre 
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Schematics of the farm (from http://www.slideshare.net/drobertsonandersson) 

©Deborah Roberston-Andersson 
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Experimental integrated seaweed abalone unit at I & J. Arrows show the direction of the 
water flow (from Robertson-Andersson, 2007) 

©Deborah Roberston-Andersson 
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Environmental assessment following the differential Drivers-State-Impact-Response approach 

©Anna Nobre 
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Nutrient mass balance model for the abalone-seaweed integrated system with 50% recirculation 

©Anna Nobre 
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Outputs of the nutrient mass balance model 

©Anna Nobre 
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I & J farm workers (from 
http://www.slideshare.net/drobertsonandersson) 

©Deborah Roberston-Andersson 
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