
Eutrophication, invasive 

algae, and green turtle 

fibropapillomatosis 

February 10, 2020 

Migiwa Kawachi, PhD candidate  

Botany Department, UH Manoa 

Workshop on Green turtle diets in Hawaii 



Green turtle fibropapillomatosis 

Van Houtan et al. (2014) PeerJ 2:e602 Van Houtan et al. (2010) PLoS ONE 5 (9) 



Fibropapillomatosis 

 Tumor forming disease 

 First reported in 1958 in HI 

 Chelonid herpesvirus 5 (ChHV5) 

 Not found in pelagic juvenile 

 Higher disease rate found in 

regions with eutrophication 

 Cause was unknown 



Van Houtan et al. (2010) 



Nutrient input and disease rate 

Van Houtan et al. (2010) PLoS ONE 5 (9) 

Algae bloom 



Disease rate and invasive algae blooms 

 Disease rates are higher where 

invasive algae are found 

 Hypnea musciformis 

 Gracilaria salicornia 

 Acanthophora spicifera 

Van Houtan et al. (2010) PLoS ONE 5 (9) 



Diet shifts to alien algae 

 By early 1990’s, Acanthophora spicifera and Hypnea musciformis 

became major bloom algae and major food sources for green turtles 

 By early 2000’s, Gracilaria salicornia was established in diet 

 

 

www.turtles.org www.turtles.org 
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Eutrophication and algal blooms 



Arginine content in algae 

        

Species Site Eutrophic 

Arg (% dry 

weight) 

Codium hawaiiense Midway No 0.14 

Codium reediae Kanahā, Maui Yes 0.28 

Ulva lactuca (fasciata) Mā‘alaea, Maui Yes 1.26 

Ulva lactuca (fasciata) Papa‘iloa, O‘ahu Yes 0.74 

Acanthophora spicifera Kane‘ohe Bay, O‘ahu Yes 0.17 

Amansia glomerata Leleiwi, Hawaii No 0.41 

Gracilaria salicornia Kane‘ohe Bay, O‘ahu Yes 0.18 

Hypnea musciformis Kanahā, Maui Yes 2.23 

Hypnea musciformis Laniākea, O‘ahu Yes 1.87 

Pterocladiella capillacea Punalu‘u, Hawaii No 0.46 

Excerpt from McDermid et al. (2007) 



Luxury consumption 

 Plants store excess 

environmental N in arginine 

 Arginine is the only tetra-

amine amino acid (4 N in one 

molecule) 



Arginine, herpesvirus, and 

fibropapillomatosis 

 Arginine promotes herpesvirus growth 

 Some invasive algae in eutrophic region seem to have higher 

arginine levels because of the luxury consumption 

 Green turtles in eutrophic region eat algae enriched with 

arginine 

 Herpesvirus growth in turtles 

 

 



Question 

Do invasive algae really accumulate arginine 

in eutrophic regions? 



Analyses of  algal tissue amino acids  

 Wild samples from eutrophic and 

oligotrophic sites 
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Arginine content in algae 

Van Houtan et al. (2014) PeerJ 2:e602 

*: P < 0.05 

**: P = 0.01 

***: P < 0.01 



Nitrogen in amino acids 

Van Houtan et al. (2014) PeerJ 2:e602 Arginine 



Summary 

 Algae in eutrophic water had elevated arginine 

 Algae store environmental N as arginine even in oligotrophic water 

 Hypnea musciformis is more proficient at sequestering 

environmental N 

 Adult turtles in eutrophic region feeding on invasive algae may 

intake 5-14 times higher arginine 



Conclusion 

 Invasive algae may not be healthy diet options for Hawaiian 

green turtles – turtles in eutrophic area eat more invasive algae 

enriched with arginine  

 Watershed based management such as land-based nutrient 

input into coastal waters is very important for the conservation of 

marine organisms including green turtles 
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