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BIOGEOCHEMISTRY AND GENOMES (BAG-1):  

AN OPEN OCEAN MESOCOSM DEPLOYMENT OFF HAWAII 

Cruises and Time Series:   BAG-1 

BACKGROUND 
Traditionally, incubation experiments to study planktonic processes have been conducted in bottles ranging from 1-20L.  However, there are certain recognized 

drawbacks of incubations on such a small scale such as the ‘bottle effect’ or the exclusion of ‘rare organisms’.  The bottle effect implies that the incubated 

seawater no longer reflects the environment it was originally collected from with respect to e.g. the planktonic community structure as a result of stress due to 

sampling, change in light or temperature or reduced turbulence.  The exclusion of rare types of organisms leads to the modification of the planktonic food web 

structure and hence, also the processes we are attempting to study.  Open ocean mesocosms allow to scale up from traditional bottle incubations by enclosing 

a much larger mass of water, thus minimizing the bottle effect and including rare planktonic organisms.  

BAG-1 STATISTICS 

 LENGTH: 17M 

 

 DIAMETER: 2M 

 

 VOLUME: 60M3 

 

 BAG MATERIAL: POLYURETHANE 

 

 FRAME: STAINLESS STEEL/FIBERGLASS 

 

 + SEDIMENT TRAP  

Figure 1. Photographs and schematic showing the mesocosms deployed off Hawaii. (Courtesy K. Björkman and GEOMAR)  

Figure 2. BAG-1 logo (left) and photograph (right) showing the cruise participants from the multiple institutions Figure 3. Map indicating the deployment location, drift track and recovery position (S.Tozzi).  

Participants included scientists, engineers, and a diving team from multiple institutions (Fig. 2); the cruise departed Honolulu, HI on December 1st 2011 aboard 

the UH R/V Ka’imikai-O-Kanaloa, steaming south to the leeward coast of the island of Hawaii (Fig. 3).  Upon arrival, three mesocosms were deployed and 

deck-board incubation experiments in various sized containers were set up.  

OBJECTIVES & PRELIMINARY FINDINGS 
The Bag-1 expedition provided the unique opportunity to not only test the feasibility of utilizing the mesocosms in the open ocean (the primary engineering 

objective), but also to examine the response of open ocean plankton assemblages to the addition of nutrients in different sized incubation vessels (the primary 

science objective). The nutrient mixtures that were added to the mesocosms contained NO3
-, PO4

3-, Si(OH)4, trace metals and vitamins or NO3
-, Si(OH)4, trace 

metals and vitamins (+P vs. –P mixtures) and equaled the addition of 15% of deep-sea water from 1000m from Stn ALOHA. The reason of adding ‘deep-water 

nutrients’ was that it matches one possible treatment of deep seawater effluent in SWAC or OTEC facilities that will change the nutrient balance in Hawaiian 

waters. 

 
MESOCOSMS BOTTLE INCUBATIONS (20L) 

T = days 
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The largest response of the 

phytoplankton community in the 

mesocosms was found when a nutrient 

mixture included PO4
3- (#BAG6) 

biomass and production were 2-4 fold 

higher compared to the nutrient 

mixture lacking excess PO4
3- or the 

control mesocosm (Fig. 4).   

Figure 4. Total chlorophyll (upper left) and primary production (upper right: 12h light 14C incubations; lower left: 

photosynthesis irradiance experiments) measured in and outside the three mesocosms. Primary production 

data provided by K. Björkman and A. White. 

 

No large difference in 

phytoplankton biomass and 

production was observed 

between the –P and +P 

treatments (Fig.5). Instead, 

both were ~ 4 fold higher due 

to the addition of deepwater 

nutrients collected in 1000m 

from Station ALOHA.  

Figure 5. Total chlorophyll (upper left) and primary production (upper right: 12h light 14C incubations; lower left: 

photosynthesis irradiance experiments) measured in the 20L deck-board incubation experiments. Primary 

production data provided by K. Björkman and A. White. 

 


