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The Closed Equilibrated Biological Aquatic System (CEBAS) Mini-Module experiment was designed to study aquatic ecosystem performance within a middeck locker on the Space Shuttle (Blüm et al., 1994).  CEBAS contained an 8.6 liter tank system separated into four compartments through which water flowed at ca 400 mL/min.  The first compartment maintained 4 pregnant Xiphophorus helleri  (swordtail fish) females plus 11 adult snails (Biomphalaria glabrata).  The second compartment maintained 200 juvenile X. helleri  (ca 7-9 days old at lift-off) and 48 adult and juvenile B. glabrata snails.  Both animal compartments were illuminated by a fluorescent lamp with a 16:8 light/dark cycle.  A plant compartment (optically isolated from the animal compartments and also containing 11 snails) was initially stocked with 53 g of the aquatic angiosperm Ceratophyllum demersum and had submerged fluorescent bulbs programmed to turn on when the dissolved O2 concentration fell below 4.5 mg/L, and turn off when it reached 6.5 mg/L.  The water then flowed through a biofilter compartment and past a series of sensors which continuously logged pH, dissolved O2, and temperature prior to re-entering the first compartment.  Peltier coolers maintained a water temperature of 25 ( 2° C.  An automated feeder provided daily food inputs (60 mg, VitakraftTM fish food containing Cichlid Sticks and Spirulina Pellets) into each of the animal compartments.

Preparation activities (during which plant, snail, and fish components were introduced into the compartments and adapted to the conditioned water) began 14 days prior to launch (STS-89; 22 Jan 1998).  A ground control unit was processed with a 4 day offset interval and maintained within the Orbiter Environmental Simulator (OES) chamber at Kennedy Space Center (KSC).  Landing occurred at KSC on 31 Jan 1998 (mission duration: 8 d 19 h 48 min).

Overall performance of the biological components of the flight and ground control CEBAS units fell within the normal variation previously encountered during preflight testing.  Ceratophyllum fresh weight increased from 53 g to 117 g and 123 g in the flight and control experiments respectively, and space flight exposure failed to account for any significant deviation in photosynthetic pigment concentrations (Voeste et al., in press).  All adult fish survived in the flight experiment, and one perished during the ground control. 65 juvenile fish were present at recovery within the flight unit, and 85 within the control unit.  Of the 38 adult snails initially loaded, 37 were recovered alive from the flight unit and 32 from the control. There were 40 newly laid snail spawn packs (and 250 juvenile snails) within the flight unit at recovery, and 25 spawn packs (and 308 juvenile snails) within the control.  In all cases, these values fell within the ranges expected for the hardware as configured. 

The major pre- and post-flight water quality parameters (Table 1) showed similar patterns between the flight and control experiments, with; (1) NH4+, NO3-, and pH rising from start to finish, and (2) conductivity, carbon hardness, and alkalinity falling.  

Table 1. Water Analysis Results for the Space Flight and Ground Control CEBAS Mini-Modules.  L-2 = 2 days before Launch (i.e., time of final system closure).  L+9 = 9 days after Launch (i.e., time of post-flight recovery operations).  Units:  NH4+ & NO3- (mg/L); Conductivity (mS/cm); Carbon Hardness (dH); Alkalinity (meq/L).


Space Flight
Ground Control


L-2
L+9
L-2
L+9
NH4+
0.011
0.113
0.028
0.107

NO3- 
15.0
16.7
14.0
16.7

pH
7.10
8.10
7.21
7.89

Conductivity
316
205
331
222

C Hardness
6.9
4.1
6.9
4.2

Alkalinity
2.60
1.45
2.60
1.45 
Although O2 production patterns were variable during the pre-flight adaptation phase, once the systems were closed (the day prior to lift-off; L-1), the daily pattern of O2 and pH changes were similar (Figure 1).

Figure 1.  Dissolved oxygen and pH for the space flight and ground control experiments from 5 days prior to launch until recovery. 
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Figure 2.  Net oxygen production for the space flight and ground control experiments.  Calculated values presented for intervals when 1, 2, or no lamps were on within the plant compartment.

Net O2 production rates are presented in Figure 2.  From launch until mission day 5, net O2 production using light from a single lamp gradually declined until it was no longer sufficient to offset system respiration (which remained fairly constant throughout the experiments). On flight days 5-6, the second lamps were automatically switched on to maintain system O2 levels.  While system O2 was primarily controlled by light input, the alkalinity-pH-CO2-bicarbonate-carbonate relationship played a critical role relating to available carbon sources for photosynthesis.  In "open" systems, there are continuous atmospheric and subsurface mineral carbon inputs which are not present in "closed" (CEBAS-type) experiments.  This is crucial for long-term system equilibrium since the relationship between CO2 consumed (for photosynthesis) and CO2 produced (by respiration) is typically on the order of 0.825, leading to a gradual depletion of dissolved CO2.  This process is indicated by the gradual pH increase during both experiments (Figure 1).  In addition, as the plant compartment filled we suspect self-shading reduced Ceratophyllum’s O2 production capability, and a high amount of C was bound up in the newly grown plant biomass.  The observed decline in O2 production capacity was compensated for by enhanced illumination (light being provided more frequently and 2 bulbs used as required).  However the overall performance of the flight module when compared to the ground reference was very similar, demonstrating that the two CEBAS units exhibited reproducible behavior despite the imposition of space flight conditions on one of them.  This hardware opens the way to examination of long-term aquatic ecosytem investigation, and represents a significant step in establishing a closed-loop aquatic animal-plant biomass production system in space.
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