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Introduction:  The Upper Floridian Aquifer 

(UFA) is a karstic aquifer contained in Oligocene and 

Miocene limestone formations with thicknesses that 

range from 60 to 1000 m. It underlies most of the Flo-

ridian peninsula as well as parts of southern Alabama 

and Georgia, representing the largest natural freshwa-

ter source in the southeast US [1]. In regions where the 

confining unit has been removed by erosion, the aqui-

fer becomes unconfined and water is discharged to the 

surface at numerous springs that serve as windows to 

understand the biogeochemical processes that occur in 

the UFA. Flooded cave systems that characterize car-

bonate karst aquifers could provide a useful analogue 

for low energy environments that may occur on Mars 

and potentially harbor life. 

Relevance:  The UFA has multiple features that 

make it ideal as an astrobiological analog and target for 

developing and testing life detection strategies. Re-

gions that are relatively isolated from surface nutrient 

inputs and sunlight have low energy fluxes and the 

microbial communities must cycle organic matter or 

rely on chemosynthesis. Further, the UFA provides a 

testbed for establishing effective strategies for tracing 

and tracking biosignatures that indicate life and life-

related chemistries. For example, supersaturated con-

centrations of N2O and CH4 in UFA springs implies 

biogenic production in the subsurface hydrological 

system. Metabolic activities of microorganisms and 

resulting variations in redox stage form goethite depos-

its [2] on cave walls  that provide opportunities to 

evaluate their biogenicity and potential as biosigna-

tures.  

Methods: Six spring systems (Fig. 1) were sam-

pled to conduct geochemical and biological measure-

ments. Of these, three experience periodic river water 

intrusions or reversals (PKS, LRS, MBH), and one is a 

river sink-rise system with ~7 km of subterranean flow 

(OLE). These systems periodically or continually re-

ceive direct surface inputs of organic matter and nutri-

ents. In contrast, two of the springs can be considered 

low energy flux systems (GBS, ITS group) with longer 

residency times, estimated to be around 40 years [3], 

and stable geochemical compositions.   

N2O samples were collected in He flushed vials 

and measured by gas chromatography. Physical and 

chemical properties of the water (pH, ORP, Conductiv-

ity, etc.) was measured in situ using a YSI ProDSS 

probe that was calibrated daily. Methane was measured 

using a Picarro G2201-i spectrometer, and for longer 

term monitoring in OLE, with a Pro-Oceanus miniCH4 

sonde.  

Triplicate water samples (50 ml) were collected 

and fixed at a final concentration of 4% (v/v) formalin 

and stained for enumeration with SYBR gold. For nu-

cleic acid extraction, 4 L of water was sequentially 

filtered through 1.2, 0.2 and 0.1 µm pore size filters. 

The DNA was extracted from the filters using the Qi-

agen PowerWater kit, a portion of the 16S rRNA gene 

was amplified with primers targeting the V4 region, 

and the product were sequenced with the Illumina 

MiSeq platform. The sequencing data were quality 

checked, parsed, and analyzed using QIIME2.  

Results:  Oxygen percent saturation ranged from a 

minimum of 1% (ITS group) to 55% (GBS). The dis-

solved concentration of N2O in all samples (range of 

580 to 1900 ppb) were above that for equilibration 

with the atmosphere (~328 ppb).  Correlation of N2O 

with O2 across all springs implied that nitrification or 

denitrification as possible mechanisms of N2O produc-

tion mediated by microorganisms. In OLE, the N2O-O2 

correlation is negative, consistent with denitrification 

being a likely pathway for N2O production. In OLE, 

methane concentration in some samples were 100-fold 

higher than atmospheric, and the presence of methano-

genic and methanotrophic taxa implies microbial me-

thane cycling. Methane levels in OLE varied between 

8.4 and 217 ppm and were dependent on the hydrolog-

ical regime (i.e., high methane during matrix flow).   

Cell counts in low energy springs (GBS, ITS 

group) were 7.3 ± 0.5 x 103 cells/mL, which is similar 

to observations in other low energy karstic aquifers [4]. 

Springs with reversed flow had ~10 fold higher cell 

concentrations, with the  with highest observed in the 

river rise system (OLE;  4 ± 0.3 x 105 cells/ml). In 

general, the low energy springs (ITS group and GBS) 

that possessed the lowest dissolved organic carbon 

(DOC) concentrations (average 0.33 ± 0. 03 mgC/L) 

also had lowest cell densities. Negative correlation 

between DOC and Shannon diversity index (r2 = -0.69) 

suggests efficient nutrient cycling, as observed in simi-

lar low energy subsurface environments [4,7]. 

Poorly characterized archaeal and bacterial taxa in 

the DPANN superphylum and Parcubacteria were 

identified, and their abundances were generally detect-
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ed in samples that had passed through a filter with a 

0.2 µm pore size. In one of ITS vents, these groups 

represented three quarters of the taxa identified. Alt-

hough the ecological role of these small microorgan-

isms is unknown, it has been speculated that they are 

symbionts of other archaea or bacteria [5,6].  

Conclusions: Limited DOC input to some regions 

of the UFA creates a low energy flux environment for 

microbial ecosystems. Despite low cell densities their 

communities are nonetheless diverse and are a habitat 

for poorly described taxa whose ecological roles re-

main unknown.  

The gases CH4 and N2O are highly relevant biosig-

natures for detection of life in extraterrestrial atmos-

pheres and hydrospheres. Detection of atmospheric 

CH4 on Mars has  raised the question of whether its 

source is biological or geological. Although under-

ground environments on Mars will be limited in their 

energy sources, they would be advantageous as poten-

tial habitats since they offer protection from surface 

radiation, low temperature, and desiccation. Thus, me-

thane is a good candidate biosignature for tracking and 

identifying life and life-related chemistries on Mars. In 

preparation for missions that search for life on alien 

worlds, the UFA provides an ideal system for evaluat-

ing signatures associated with subsurface life and its 

biogeochemical products. 
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Fig. 1 Map of the sampled vents in the UFA. Madison 

Blue Hole (MBH), Peacock Springs (PKS) and Little 

River (LRS) suffer frequent reversals, whereas Ichetuck-

nee Spring Group (ITS) and  Gilchrist Spring (GBS) 

geochemistry remain constant throughout the year. The 

O’Leno River Sink and Rise (OLE) is a particular sys-

tem where the Santa Fe river disappears underground, 

mixes with UFA water and comes back to the surface 

again.  
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