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PROJECT OBJECTIVES 
 
Objective 1: Identify and characterize existing/potential organic fertilizers and nutrient 

waste streams available within Hawaii which could be used as a source of 
nutrients for organic seaweed production. 

 
Objective 2:  Develop and evaluate the effect of different organic nutrient sources and 

nutrient dosage levels on the growth and development of the two target 
seaweed species under controlled culture conditions.  

 
Objective 3: Develop and evaluate different culture techniques for the two target seaweed 

species that maximize nutrient recycling efficiency, water conservation, 
ecosystem stability, seaweed health, and output of marketable organic produce.  

 
Objective 4: Develop and evaluate different post-harvest methods for epiphyte removal and 

control on the two target seaweed species.   
 
Objective 5: Evaluate the effect of different organic nutrient sources and culture techniques 

on seaweed quality, including nutritional composition and potential food value.  
 
Objective 6: Develop computer models for the cost-benefit of organic seaweed production 

using different organic nutrient sources and culture systems. 
 
Objective 7:  Determine the state, national, and global market and possible future market 

requirements and strategies for organically grown seaweeds.   
 
 
PRINCIPAL ACCOMPLISHMENTS 
 
Objective 1: Identify and characterize existing/potential organic fertilizers and nutrient 

waste streams available within Hawaii which could be used as a source of 
nutrients for organic seaweed production. 
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Progress to Date: The main locally available waste stream identified as a source of nutrients for 
seaweed production was tuna fish waste collected from the Honolulu fish market/auction (United 
Fishing Agency Ltd). The tuna fish waste (hand minced chilled muscle blocks) was stabilized by 
anaerobic fermentation using a locally produced certified organic mixed microbial innoculant 
(Effective Micro-organisms – EM1, EM Hawaii), using sugar-cane molasses as a fermentable 
carbohydrate substrate, within air-tight 5-gallon plastic containers. EM was selected as the microbial 
innoculant because of it’s ready availability and production within the State and because of the 
previous experience of the company with organic agricultural crop production and environmental 
protection and bioremediation. A series of different EM:Tuna dilution rates were tested, and the 
optimum dilution, in terms of the rapidity and stabilization of the fermentation process and lack of 
objectionable unpleasant odors, was found to be 1:25. On completion of the fermentation process the 
stabilized tuna digest (pH < 4) was then strained through a 1-mm screen to remove large fragments of 
undigested connective tissue and the filtrate (termed the `Tuna Fish Digest – TFD) then stored in 
airtight plastic containers until used. A photographic representation of the steps involved in the 
fermentation process is shown in Appendix 1 (Figure 1 – 10). 
  
Mineral analysis by the Agricultural Diagnostic Services Center (under the supervision of Dr Harry 
Ako) revealed that TFD had an excellent nutrient profile, and was a rich source of nitrogen (N), 
potassium (K), phosphorus (P), and other essential trace elements (Table 1). Nitrogen (ammonia) is 
generally regarded as the major limiting nutrient for the growth of Gracilaria species (Ryder E, 
Nelson S, Glenn E, Nagler P, Napolean S & Fitzsimmons K. Review: production of Gracilaria 
parvispora in two-phase polyculture systems in relation to nutrient requirements and uptake. Bull. 
Fish. Res. Agen. [Japan] Supplement No.1, 71-76, 2004).    
 
 
        Table 1.    Nutrient content of Tuna fish digest (TFD): batch 1 (TFD1)1 and batch 2 (TFD2)2  

 

Nutrient 
TFD1 (dry weight 
basis, % or mg/kg) 

TFD1 (diluted x 
1000; 9.7% solids) 

TFD2 (dry weight 
basis, % or mg/kg) 

TFD2 (diluted x 
1000;17.5% solids) 

Nitrogen  7.23 % 7.01 mg/L 10.8 % 18.9 mg/L 
Potassium  2.92 % 2.83 mg/L 2.14 % 3.745 mg/L 
Phosphorus  0.57 % 0.553 mg/L 0.78 % 1.365 mg/L 
Ca  0.85 % 0.825 mg/L 0.37 % 0.648 mg/L 
Mg  0.50 % 0.485 mg/L 0.28 % 0.490 mg/L 
Na  0.29 % 0.281mg/L 0.24 % 0.420 mg/L 
Fe  153 mg/kg 0.015 mg/L 107 mg/kg 0.019 mg/L 
Mn  80 mg/kg 0.008 mg/L 35 mg/kg 0.006 mg/L 
Zn  14 mg/kg 0.0014 mg/L 34 mg/kg 0.006 mg/L 
Cu  2.0 mg/kg 0.00019 mg/L 7 mg/kg 0.001 mg/L 
B  0.3 mg/kg 0.00003 mg/L 5 mg/kg 0.0009 mg/L 

  
1TFD1 – 4 kg raw tuna waste, 1:25 dilution with EM/molasses, fermented in 5 gallon container   
2TFD2 – 10 kg raw tuna waste, 1:25 dilution with EM/molasses, fermented in 5 gallon container   
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In addition to above, a digest was successfully prepared from fresh Ulva sp. harvested from the OV 
experimental water recirculation facility (the algae competing for available nutrients with the cultured 
target red seaweeds). Although nutrient analyses showed that the digest was relatively limiting in 
nitrogen and phosphorus compared with TFD, it was found to be a rich source of potassium, sodium, 
calcium, magnesium and essential trace elements (Table 2, Figure 11).     
 
 
        Table 2.    Nutrient content of Ulva digest (UD)1 

 

Nutrient 
UD (dry weight 

basis, % or mg/kg) 
UD (diluted x 

1000;6.58% solids) 
Nitrogen  1.3 % 0.858 mg/L 
Potassium  5.13% 3.39 mg/L 
Phosphorus  0.17 % 0.112 mg/L 
Ca  1.87 % 1.23 mg/L 
Mg  2.19 % 3.83 mg/L 
Na  2.53 % 1.67 mg/L 
Fe  1,079 mg/kg 0.071 mg/L 
Mn  218 mg/kg 0.014 mg/L 
Zn  25 mg/kg 0.0016 mg/L 
Cu  13 mg/kg 0.00086 mg/L 
B  52 mg/kg 0.003 mg/L 

  
1UD – 4.28 kg fresh Ulva sp., 1:25 dilution with EM/molasses, fermented in 5 gallon container   
 
  
Objective 2:  Develop and evaluate the effect of different organic nutrient sources and 

nutrient dosage levels on the growth and development of the two target 
seaweed species under controlled culture conditions.  

 
Progress to Date: Experimental feeding and culture trials with the native Hawaiian red seaweed 
Gracilaria coronopifolia (Figure 12) were carried out using the refitted outdoor tank holding facility 
at the Hawaiian Institute of Marine Biology (HIMB; Figure 13-16) located on Coconut Island 
(Kaneohe, Island of Oahu; and at Opihi Ventures in Kaneohe (OV; Figure 17-20). A total of seven 
feeding/culture trials were conducted with G. coronopifolia over the course of the project, four at 
HIMB and three at OV. Unfortunately, it was not possible to conduct any feeding/culture trials with 
Halymenia formosa (the second native Hawaiian red seaweed species listed in the Project) due to the 
non-availability of local stocks of this species.  
 
As previously reported, of the different nutrient application methods investigated, the best in terms of 
seaweed growth was observed at HIMB with plants fed at weekly intervals at a rate of 100 ml TFD 
solution (9.7% total solids) per 1.50m3 tank water volume (Figure 21); G. coronopifolia displaying a 
432% weight increase over a 35-day culture period within aerated tanks (final TFD:seawater dilution 
ratio of 1:15,000) with no water exchange. Ammonia concentrations within these culture tanks was 
measured using a YSI Photometer (Figure 22) and varied from a high of 0.41 mg/l on first adding 
TFD to the experimental tanks to a low of 0.19 mg/l by the end of the 35-day culture period, as 
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compared with 0.13 mg/l to 0.012 mg/l for control treatments with untreated raw seawater and no 
TFD addition. At higher TFD application levels (200 ml/tanklweek) seaweed growth was negatively 
impacted. This reduction in growth was not believed to have been due to excessive nutrient addition 
per se, but rather due to the increased production of competing filamentous algal within the culture 
tanks and entrapment of G. coronopifolia fragments along the sides of the tanks (by the filamentous 
algal strands, and consequent difficulty of weighing all the target seaweed; Figure 23) and reduced 
water transparency within the culture tanks (compared to control tanks) due to increased natural 
productivity (Figure 24-25).  
 
Pulse feeding with a 1:750 TFD:seawater nutrient dilution immersion bath over night was not found 
to be beneficial to the growth of G. coronopifolia. The poor growth performance was believed to 
have been mainly due to the excessive period of time the seaweed was immersed in the aerated 
nutrient broth (12-14 h on a daily basis, with a water temperature on average 3 to 4 degrees cooler 
than the control culture tank conditions; Figure 26-28). For example, Lapointe (1985) reported that 
Gracilaria tikvaheae productivity could be increased 2-3fold by soaking the seaweeds in aerated 
fertilizer solution for only 5 hours each week (Lapointe BE. Strategies for pulsed nutrient supply to 
Gracilaria cultures in the Florida Keys: interactions between concentration and frequency of nutrient 
pulses. J. Exp. Mar. Biol. Ecol., 93:211-222. 1985). Clearly, a shorter bath immersion period might 
have yielded better results.    
  
 
Objective 3: Develop and evaluate different culture techniques for the two target seaweed 

species that maximize nutrient recycling efficiency, water conservation, 
ecosystem stability, seaweed health, and output of marketable organic produce.  

 
Progress to Date: As previously reported, of different culture techniques investigated, the best in 
terms of nutrient recycling efficiency, water conservation and seaweed growth was observed at 
HIMB with G. coronopifolia reared under zero-water exchange culture systems within 1.50 m3 
conical-bottom circular fiber-glass tanks. Moreover, the observed growth rates obtained (equivalent 
to a wet biomass increase of 12.3% per day) were above those reported by other workers of up to 
10% per day for other non-native Gracilaria species in Hawaii (Nagler P.L.; Glenn E.P.; Nelson 
S.G.; Napolean S. [2003]. Effects of fertilization treatment and stocking density on the growth and 
production of the economic seaweed Gracilaria parvispora (Rhodophyta) in cage culture at Molokai, 
Hawaii. Aquaculture, 219(1):379-391, 2003). 
 
Although it was not possible to replicate this experiment due to the contamination of existing 
HIMB/OV G. coronopifolia stocks with epiphytes and seaweed losses due to bad weather, the growth 
of the species was always best under highly aerated culture conditions, with fragments trapped by 
airstone lines close to the water surface noticeably growing best. Seaweed pigmentation was darkest 
under shaded water conditions and lightest under clear water/surface water culture conditions (Figure 
29 - 31).  
 
 
Objective 4: Develop and evaluate different post-harvest methods for epiphyte removal and 

control on the two target seaweed species.   
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Progress to Date: Although no post-harvest methods were evaluated for epiphyte control (due to 
the lack of sufficient seaweed biomass produced during the feeding/culture trials), several 
observations and preliminary conclusions may be drawn from observations made during the feeding 
and culture trails, namely 1) epiphyte contamination was found to be less on seaweed positioned 
directly above air stones where both oxygen and water agitation was maximum,  2) epiphyte 
contamination was greatest in those systems with the highest nutrient inputs (Figure 32) and growth 
contaminating filamentous green algae and macro algae (Ulva sp),3) epiphyte contamination was 
noticeably less within fast growing algae positioned close to the water surface with strong water 
agitation, and 4) the use of browsing invertebrates such as native marine shrimp species, amphipods 
and gastropods may be useful in controlling epiphyte infestations (Figure 33).   
 
Objective 5/6: 5. Evaluate the effect of different organic nutrient sources and culture 

techniques on seaweed quality, including nutritional composition and potential 
food value, and 6: Develop computer models for the cost-benefit of organic 
seaweed production using different organic nutrient sources and culture 
systems. 

 
Progress to Date: As previously reported, to date the production of experimental G. coronopifolia 
has not been of sufficient quantity to merit sending samples for laboratory analysis. Similarly, due to 
the lack of practical production data, it has not yet been possible to develop computer models and 
cost-benefit analyses on the preliminary data generated by the project.    
 
 
Objective 7:  Determine the state, national, and global market and possible future market 

requirements and strategies for organically grown seaweeds.   
 
Progress to Date: All the project participants attended the International Triennial meeting of the 
World Aquaculture Society (WAS) `Aquacultue – An Ecologically Sustainable and Profitable 
Venture’ held in Honolulu from March 1-5, 2004. During the meeting the project principal 
investigators presented a paper on the activities of the project to a special WAS session on Organic 
Aquaculture and Polyculture (Tacon AGJ & Yee D [2004]. Seaweeds: a viable candidate for organic 
aquaculture production in Hawaii. International Triennial meeting of the World Aquaculture Society, 
Honolulu, March 1-5, 2004. Book of Abstracts Page 572). Apart from general information gained 
from the presenters during the session on the status and development of the organic aquaculture 
sector globally, no information was presented concerning the market opportunities and prospects for 
organic seaweed the production in Hawaii or the US. At the time of this report there is no production 
of organic seaweeds in the State of Hawaii or within the US. In 2002, the latest year for which 
statistical information was available, 500,000 lbs of cultured macro-algae were produced within the 
State of Hawaii, valued at $ 1,094,000 (Dean Toda – personal communication, August 10th, 2004). 
 
In addition to the above, one of the principal investigator (Dr. Albert Tacon) was asked to attend the 
inaugural meeting of the newly formed National Organic Aquaculture Work Group (USDA) held 
during the World Aquaculture Society Conference on March 5th. He informed the workshop 
participants of the activities of the project, and stressed the need for any forthcoming national organic 
aquaculture guidelines to also include seaweeds and other farmed aquatic plants – at the time of the 
workshop, seaweeds had not been considered for inclusion in organic aquaculture standard setting. 
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WORKED PLANNED 
 
 
Objective 1: Identify and characterize existing/potential organic fertilizers and nutrient 

waste streams available within Hawaii which could be used as a source of 
nutrients for organic seaweed production. 

 
It has been demonstrated that EM products can be successfully used for the fermentation and 
stabilization of fish waste. The principal investigator is to work collaboratively with Mr. Hiromichi 
Nago (EM Hawaii) to assist the company in the further development and commercialization of the 
use of EM products for the production of Tuna Fish Digest and similar products from seafood waste 
(including unwanted alien exotic seaweeds and crustacean processing waste) within the Pacific 
region. Particular emphasis will be given to the development low cost pilot-scale fermentation 
techniques using locally available materials, including the need to ascertain precise product:digest 
transformation efficiencies and production costs, and the subsequent solubilization and availability of 
essential nutrients within the stabilized seafood digests. In particular, there is need to determine the 
long-term stability and availability of key nutrients such as soluble nitrogenous compounds within the 
digests on prolonged storage.    
 
 
Objective 2:  Develop and evaluate the effect of different organic nutrient sources and 

nutrient dosage levels on the growth and development of the two target 
seaweed species under controlled culture conditions.  

 
The principal investigators will continue to further develop and refine standard nutrient application 
methods using Tuna Fish Digest at OV (for use within closed culture systems) through the improved 
use of nutrient bath pulse feeding techniques, including the possible use of simple cost-effective 
floating basket/netpen immersion techniques, and the positioning of seaweed rearing facilities in the 
waste effluent from fish/crustacean rearing facilities. In addition to the above, the efficacy of nutrient 
addition will be monitored through the measurement of accumulated/depleted target nutrients within 
the growing thalli.       
 
 
Objective 3: Develop and evaluate different culture techniques for the two target seaweed 

species that maximize nutrient recycling efficiency, water conservation, 
ecosystem stability, seaweed health, and output of marketable organic produce.  

 
Despite the encouraging results obtained with G. coronopifolia in one study, there is serious concern 
about the regular availability of seed stock of this and other native Hawaiian seaweeds such as 
Halymenia formosa. In view of the above and the apparent relative ease of culturing (and regular 
availability) of other locally available Gracilaria species such as G. parvispora (commonly known as 
long ogo; Figure 34) the principal investigators also intend to develop TFD-based culture techniques 
for this species. Although G. parvispora is not native to Hawaii it first appeared on the reefs after 
1900 and is currently one of the major cultivated seaweeds in Hawaii. However, as mentioned 
previously, no commercial operations are currently using organic production methods for this species 
(the current Honolulu net retail value of this species is approximately $ 6.90/lb).      
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The principal investigators also intend to develop a cost-effective polyculture systems based on the 
organic production of tilapia and G. parvispora at OV within a closed culture systems using zero-
water exchange `floc-based’ feeding technologies and low-cost agricultural waste products, including 
stabilized TFD-enriched waste aquatic algae/macrophytes (Figure 35).    
 
 
Objective 4: Develop and evaluate different post-harvest methods for epiphyte removal and 

control on the two target seaweed species.   
 
Although it is was not possible to implement this objective due to the non-availability of sufficient 
seaweed stock, the principal investigators intend to continue this activity at OV using different 
polishing techniques based on the use of invertebrate `cleaner species’ such as selected grazing 
molluscs, amphipods and Crustacea. In addition to the above, the use of vigorous aeration during the 
culture operation as a means of obviating epiphyte contamination will be further explored and 
evaluated.  
 
 
Objective 5: Evaluate the effect of different organic nutrient sources and culture techniques 

on seaweed quality, including nutritional composition and potential food value.  
 
Although it is was not possible to implement this objective due to the non-availability of sufficient 
seaweed stock, the principal investigators intend to solicit additional funding to continue this 
important objective with interested nutrition/health food groups and retailers, including potential 
organic certification bodies and interest groups.  
 
 
Objective 6: Develop computer models for the cost-benefit of organic seaweed production 

using different organic nutrient sources and culture systems. 
 
The principal investigator intends to work collaboratively with Dr. Pingsun Leung to solicit further 
funding to complete this activity, and demonstrate the economic effectiveness or not of the organic 
seaweed production systems developed by the principal investigators. 
 
 
Objective 7:  Determine the state, national, and global market and possible future market 

requirements and strategies for organically grown seaweeds.   
 
The principal investigators will continue to provide technical inputs to the newly formed USDA 
National Organic Aquaculture Work Group and the Hawaiian Organic Farmers Association (HOFA), 
and in particular assistance with the development of technical guidelines and criteria for organic 
seaweed production and certification.  
 
 
IMPACTS 
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Through the activities of the project, collaborative partnerships have been developed with the private 
sector, and in particular with EM-Hawaii concerning the stabilization and utilization of locally 
available fish wastes and byproducts, and with the fisheries sector concerning waste bioremediation 
and potential new avenues for revenue generation. Although the project failed to show the economic 
cost-effectiveness of organic seaweed production using native Hawaiian seaweed, it has opened 
awareness within the community that such techniques might be better suited to more hardy/robust 
high-value non-native cultivated species such as G. parvispora and to combine production with other 
cultivated finfish or crustacean species as a polyculture of species with complementary feeding 
habits. The impetus now must be to solicit additional funding to combined the lessons and 
experiences gained from the present project with native Hawaiian species to more established 
commercially important seaweed species.     
  
  
SUPPORT 
 
 

Summary of support for the project. 
 

Year UH/           
USDA-CREEES1 

Industry UH/ 
DMMB 

UH/         
Sea Grant 

Total 

2003 

2004 

$17,500 

$22,500 

 $ in kind 

$ in kind 
 

in kind 

in kind 

in kind 

in kind 

$30,000 

$ 45,000 

Total $40,000 $ in kind in kind in kind $75,000 
 

                       1 Of the total $ 50,000 originally allocated by UH/USDA-CREEES for this project,  
 $ 10,000 was returned due to the non-ability of the principal investigators to complete 

objectives 5 and 6 of the project within the duration of the project time period.   
 
CLOSING: 
 
Project Work Chairman: 
 
 
                                            Date: August 15, 2004 
Denis Yee, Opihi Ventures   
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APPENDIX 
 
 

 
 
Figure 1. Tuna fish waste from the United Fishing Agency 
  
 
 
 

 
 
Figure 2. Hand chopping tuna waste frames  
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Figure 3. Minced tuna muscle blocks placed in 5-gallon plastic container 
  
 
 

 
 
Figure 4. Effective Microorganisms and raw molasses used to promote fermentation  
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Figure 5. 1:25 mixture of EM:Molasses with water 
  
 

 
 
Figure 6. Addition of EM:Molasses mixture to tuna waste 
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Figure 7. Addition of water to mixture prior to mixing and sealing  
 
 
 

 
 
Figure 8. Regular stirring of digest until pH remains constant below 4 
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Figure 9. Screen used for filtering stabilized digest prior to prolonged storage  
 
 
 
 

 
 
 
Figure 10. Filtered tuna digest stored in 1 gallon containers 
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Figure 11. Fresh Ulva sp. Prior to fermentation  
 
 
 

 
 
Figure 12. Red seaweed Gracilaria coronopifolia 
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Figure 13. Experimental tanks at HIMB prior to renovation  
 
 
 

 
 
Figure 14. Renovated and refitted 1.5m3 experimental tanks at HIMB  
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Figure 15. Experimental tanks at HIMB after refitting  
 
 
 

 
 
Figure 16. Location of experimental tanks at HIMB  
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Figure 17. Experimental tanks and aquaria at Opihi Ventures  
 

 
 
Figure 18. Experimental raceways at Opihi Ventures  
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Figure 19. Experimental lined pond at Opihi Ventures and harvesting of Ulva  
 
 

 
 
Figure 20. View of ancient Hawaiian fish pond situated next to Opihi Ventures 
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Figure 21. Addition of Tuna Fish Digest to experimental tanks at HIMB  
 
 
 

 
 
Figure 22. YSI 9100 Photometer used for measurement of dissolved nutrient levels 
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Figure 23. Contaminating filamentous algae growing on tank walls  
 
 
 

 
 
Figure 24. View of tank with high natural productivity due to TFD addition 
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Figure 25. View of control tank with no TFD addition and clear water  
 

 
 
Figure 26. Aerated 5-gallon bucket containing TFD used for immersing seaweed for pulse feeding 
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Figure 27. Plastic floating baskets used for housing seaweed for growth trials  
 
 
 

 
 
Figure 28. View of baskets with seaweed at the end of a growth trial 
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Figure 29. Seaweeds grown in baskets close to the water surface have less epiphyte contamination  
 
 
 

 
 
Figure 30. View of experimental seaweed baskets with vigorous water aeration  
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Figure 31. View of lightly pigmented seaweed grown in control tanks  
 
 
 

 
 
Figure 32. View of seaweed with high epiphyte contamination  
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Figure 33. Use of indigenous shrimp species for seaweed epiphyte control  
 
 
 

 
 
Figure 34. Long ogo Gracilaria parvispora commonly cultured by farmers in Hawaii 
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Figure 35. View of experimental lined-pond with tilapia:seaweed polyculture at Opihi Ventures 
 
 


