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Maintaining	  actively	  growing	  coral	  reefs	  and	  associated	  coastal	  ecosystem	  
services	   in	   a	   rapidly	   changing	   ocean	   is	   a	   top	   priority	   for	   PaciYic	   Island	  
communities.	   Non-‐point	   source	   groundwater	   nutrient	   discharge	   is	   an	  
increasing	  chronic	   impact	   to	  PaciYic	   Island	  ecosystems	   that	   is	  difYicult	   to	  
document	   because	   of	   spatiotemporal	   heterogeneity.	   Eutrophication	  
induced	   by	   excess	   nutrient	   loading	   threatens	   reef	   accretion	   by	   shifting	  
competitive	   dominance	   away	   from	   corals	   and	   other	   calciYiers	   toward	  
Yleshy	   algae	   and	   cyanobacteria,	   altering	   the	   growth	   and	   community	  
composition	   of	   bacteria	   through	   the	   release	   of	   dissolved	   organic	  matter	  
(DOM)	   and	   supporting	   a	   feedback	   that	   prevents	   recovery	   of	   actively	  
growing	   reefs.	   We	   investigated	   nutrient-‐rich	   groundwater	   inputs	   to	   a	  
coral	  reef	  ecosystem	  (Maunalua	  Bay,	  O‘ahu,	  Hawai‘i)	  using	  spatial	  surveys	  
of	   two	   reef	   areas	   to	  map	   biogeochemical	   parameters	   across	   the	   reef	   at	  
both	   low	   and	   high	   tide.	   Nutrient	   concentrations	   in	   aquifers	   from	  
anthropogenic	   sources	   have	   signiYicantly	   increased	   on	   O‘ahu	   due	   to	  
agricultural	  activities	  and	  urbanization,	   including	   leaky	  septic	  and	  sewer	  
systems,	  and	  commercial	  and	  domestic	  use	  of	  fertilizers.	  We	  present	  our	  
progress	   identifying	   Yluorescent	   DOM	   (fDOM)	   tracers	   of	   groundwater	  
inputs	  that	  may	  serve	  as	  efYicient	  and	  cost-‐effective	  management	  tools	  for	  
differentiating	  pollution	  sources	  and	  impacts	  to	  the	  microbial	  ecology	  and	  
health	  of	  reef	  ecosystems.	  
	  

Figure 1. Maps of the sampling locations. Panel (a) shows the location 
of the two sampling sites in Maunalua Bay, O‘ahu, with the inset showing 
the location within the Main Hawaiian Islands. Water samples were 
collected at each site, Black Point to the West (b) and Wailupe to the East 
(c), with red markers at each location where water was collected.  

Figure 2. Fluorescent dissolved organic matter (fDOM) in the spatial 
context of Submarine Groundwater Discharge (SGD) in Maunalua 
Bay. Contour plots of conservative solutes and fDOM solutes at Black 
Point (a,c,e,g) and Wailupe (b,d,f,h) during low tide 28-29 May 2014, 
including salinity (a,b), silicate concentrations (log10 µmol L-1), radon 
concentrations (dpm L-1) and the fDOM humification index (HIX). 

1. MAPPING SGD (SUBMARINE 
GROUNDWATER DISCHARGE) 

Figure 3. Hierarchical clustering of samples according to inorganic solute concentrations. 
Panel (a) is a hierarchical clustering dendrogram grouping samples according to similarity in log10 
concentrations of 7 inorganic solutes (shown in heat map with legends at right; X indicates no 
data). Dendrogram tips are colored to match the dendrogram clusters and define biogeochemical 
provinces by sets of samples with similar chemistry. Panels (b) and (c) illustrate the spatial extent of 
each biogeochemical province by mapping the sample points color-coded by dendrogram clusters - 
defined with large colored boxes in panel (a) - at Black Point and Wailupe, respectively.  

Figure 4. Hierarchical clustering of samples according to fDOM spectral characteristics. 
Panel (a) is a hierarchical clustering dendrogram grouping samples (tips colored according to 
biogeochemical provinces delineated in Fig. 3) according to similarity in fDOM PARAFAC 
components and ratio-based indices (shown in heat map with legends at right; X indicates no data). 
Panels (b) and (c) define the spatial extent of fDOM character by mapping the sample points color-
coded by dendrogram clusters - defined with large colored boxes in panel (a) - at Black Point and 
Wailupe, respectively.  

2. WATER SAMPLES GROUP BY SGD INFLUENCE USING BOTH NUTRIENTS & fDOM 

3. fDOM CHARACTER DIFFERS ALONG SGD PLUMES & TRACKS SGD INPUTS 

4. CONCLUSIONS: fDOM CAN DISCRIMINATE 
GROUNDWATER PLUMES IN CORAL REEFS 

Figure 6. Predictive models relating the fDOM Humification Index 
(HIX) to Salinity and Silicate concentrations for both Black Point 
(black) and Wailupe (grey). Points are coded according to 
biogeochemical provinces as in Figure 7. Models p < 0.0001. 

Figure 5. Comparison of fDOM indices among the biogeochemical provinces in each reef site. Boxes depict 
standard interquartile ranges with medians and are labeled at top with letters for ANOVA Tukey post hoc tests; all 
ANOVA models p < 0.01 and samples with different letters are significantly different at α= 0.05.   

Salinity 

Silicate 

Radon 

fDOM 

TAKE-‐HOME	  MESSAGE	  
Global	  changes,	  including	  climate	  shifts	  and	  population	  expansion,	  
will	  continue	  to	  alter	  the	  chemistry	  and	  physics	  of	  Submarine	  
Groundwater	  Discharge	  (SGD)	  into	  coastal	  ecosystems,	  especially	  in	  
coral	  reefs	  of	  Hawaiʻi.	  Fluorescent	  Dissolved	  Organic	  Matter	  (fDOM)	  
is	  a	  portion	  of	  the	  total	  organics	  in	  water	  that	  is	  relatively	  quick	  and	  
simple	  to	  analyze	  for	  compositional	  differences	  among	  sites.	  Here	  we	  
show	  that	  fDOM	  can	  be	  used	  to	  map	  SGD	  in	  coral	  reef	  systems.	  We	  
hope	  that	  this	  method	  will	  allow	  rapid	  and	  efRicient	  monitoring	  of	  
groundwater	  inRluences	  in	  these	  ecosystems.	  We	  seek	  to	  further	  
develop	  this	  method	  to	  allow	  detection	  of	  groundwater	  
contaminants	  and	  groundwater	  source	  tracking.	  

Figure 7. A conceptual illustration of the spatial arrangement of biogeochemical provinces 
mapped using either inorganic chemistry (Fig. 3) or fDOM (Fig. 4) shows SGD plume mixing.  
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