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Microbial Ecology in Reef Sediments of Biscayne National Park

Introduction— Biscayne National 
Park (BNP), located in south Florida, 
is unique from other national parks 
because more than 95% of its 172,000 
acres is located in the marine environ-
ment containing mangrove, seagrass, and 
coral reef ecosystems (http://www.nps.
gov/bisc/pphtml/nature.html). Recent 
declines in offshore coral reef health and 
shifts in nearshore biological communi-
ties may be linked to the quality and/or 
quantity of ground- and surface-water 
input to the park as well as to other 
ecosystem stress factors, such as chemi-
cal and nutrient pollution, sea level rise, 
or increased sea surface temperatures 
(Wingard and others, 2003). A critical 
component of the coral reef ecosystem 
that is typically overlooked during sci-
entific investigations of reef productivity 
and health is the bacterial communities 
attached to sediment surfaces as well 
as in the pore water of those sediments. 
These bacterial communities regulate the 
mineralization and cycling of organic 
matter and produce environments 
(reductive or oxidative) that control 
nutrient and trace element speciation 
and concentrations in pore water. The 
transfer or flux of these pore-water 
constituents into the overlying water col-
umn provides a source of nutrients and 
trace elements to higher trophic levels. 
The relatively high carbon and nutrient 
cycling and flux rates that occur in reef 
sediment systems, which are driven by 
bacteria, support the high gross primary 
productivity rates of coral reefs (Wild 
and others, 2005). Conducting scientific 
investigations on these microbial and 
geochemical processes will undoubt-
edly further the scientific understand-
ing of the processes that influence the 
overall productivity and health of our 
Nation’s coral reefs. The objectives of 
this project are to establish baseline data 
on (1) the abundance and productivity of 
microbial communities associated with 
pore water and reef sediments, and (2) 
dissolved trace metals and particulate 

Alina's pict

Alina's Reef site

fee
R cificaP

Anniversary Reef site

Area
Shown

adi
rol

F

52
o

N '
32

80o09' W80o10' W

km0 1

Figure 1. The sample sites for this study are located in the southeastern tip of Florida within 
Biscayne National Park. The two coral reef sites selected are Alina’s and Anniversary Reefs, 
which are approximately 10 kilometers offshore. These reef systems are classified as patch reefs, 
with productive seagrass beds immediately outside the reef halo zone.



and dissolved nutrients in surface and 
pore water and their respective flux rates 
at the boundaries of selected reefs in the 
Florida Keys.

Methods— Two sites, Alina’s Reef and 
Anniversary Reef, were chosen based on 
previous investigations of in situ coral 
reef health (Yates and Halley, 2003; Fig. 
1). The aim of this project is to establish 
baseline data on (1) the abundance and 
productivity of microbial communities 
associated with reef sediments and the 
pore water and (2) dissolved trace metals 
and particulate and dissolved nutrients 
in surface and pore water and their 
respective flux rates at the boundaries of 
selected reefs in the Florida Keys.

SCUBA divers collected pore-water 
samples from carbonate reef sediments 
at two depths, 1.3 and 12.7 centimeters 
(cm). A round plate that can hold up to 
eight stainless steel samplers was used to 
stabilize the samplers at the two pre-
determined depths (Fig. 2 A, B). Each 
sampler has three slots at the tip that 
collect pore water at a vertical interval 
of  0.6 cm. Five 60-milliliter (mL) pre-
cleaned and autoclaved syringes, tubing, 
and 3-way valves were used for each 
depth: two for microbiology samples, 
two for nutrient and trace metal samples, 
and one for field parameter analyses. A 
surface-water sample was collected from 
approximately 30 cm above the seafloor 
in a sterile 1-Liter bottle. In addition, a 
2.5-cm-diameter, 16.3-cm-long core was 
collected from the adjacent reef sedi-

ments (Fig 2 C, D). Once the divers and 
samples arrived in the boat, all pore and 
surface water samples were placed in 
coolers containing ice. The one syringe 
collected for field parameters (specific 
conductivity, temperature, pH, and oxy-
gen-reduction potential) was processed 
and analyzed immediately.

Determination of microbial productivity 
presents two challenges in this environ-
ment: (1) the methods routinely used 
to determine these rates require that 
the analyses be initiated almost imme-
diately, which prohibits the preserva-
tion, prolonged storage or shipping of 
samples; and (2) an additional logisti-
cal problem of determining microbial 
productivity measurements in the field 
is the required use of radioisotope 

Figure 2. Sediment pore-water and core sampler. (A) Pore water sampling devices were inserted to predetermined depths below the under surface of 
the weighted plate and secured by thumb screws. Each pore-water sampler (M.H.E. Products, East Tawas, Michigan) is 0.3 cm in diameter and 35.6 cm 
in length with a sampling interval of  0.6 cm. (B) Pore-water samples are collected by connecting a sterile 60 mL syringe, via tubing, to the pore-water 
sampler and gently extracting water samples from the predetermined sediment depths. (C,D) A sediment core (2.5 × 16.3 cm) was collected using a 
modified 60 mL syringe that had the distal end removed. The core was contained by sliding a sterile plug into the open end of the coring device.
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labeled substrates. Both of these issues 
have been addressed and these types of 
samples are processed less than 2 hours 
after collection using a mobile labora-
tory that has been USGS certified for use 
of radioactive isotopes  (i.e., 3H, 14C, 35S) 
in the field (Fig. 3). 

Sediment samples initially were pro-
cessed in the mobile laboratory to 
remove bacteria from the sediments. The 
remaining sediments were processed for 
particle size analysis and to determine 
the percentage of sand, silt and mud. 
Surface and pore water, and extracted 
sediment samples were then processed 
to determine bacterial productivity rates 
by adding 3H-leucine (a radiolabeled 
amino acid) to each sample, followed 
by a 1-hour incubation period. After ter-
mination of the assay the samples were 
processed to recover radiolabeled bacte-
rial biomass. The radioactivity in each 
sample was then measured and recorded 
using a scintillation counter. The result-
ing data were used to calculate the 
bacterial productivity rates in the water 
(µg C L-1 d-1) and sediment (µg C g-1 d-1) 
samples. 

Summary— Both reef sites had similar 
temperature profiles (Fig. 4). The pH 
profiles were also similar except for the 
March sample at Alina’s Reef, when it 

dropped to 6.97 at 1.3 cm. In general, 
the average pH of the pore water was 
0.50 (range: 0.16-1.32) pH units lower 
than the overlying water column. This 
decrease in pH is significant in regard 
to the rates of dissolution and precipita-
tion of carbonate sediments and how 
the concomitant increase in alkalinity 
may influence buffering in the overlying 
water column. 

The oxygen-reduction potential data 
from both reefs followed a similar trend 
in that the sediment systems became 
more reduced as the water temperature 
increased (Fig. 4). The bacterial pro-
ductivity rates in the sediment systems, 
which include pore water and sediments, 
also increased with increasing water 
temperature, with a 2 to 3 fold increase 
between the March and August sampling 
events (Fig. 4). On average, the bacte-
rial productivity rates in the sediment 
systems were approximately 10 fold 
greater (range: 2.3-26.4 fold) than those 
measured in the overlying water column 
samples. 

With regard to two nutrients that are 
important to coral reef productivity, 
ammonium (NH

4
+) and silicate (SiO

2
), 

their respective concentrations in the 
sediment systems are between 5 to 175 
and 6 to 26 fold greater than in the water 

Figure 3. The USGS mobile field laboratory. Due to 
the requirement for rapid processing of samples, 
a mobile field laboratory was used to process 
and analyze the samples. The mobile laboratory 
is totally self-contained and powered, and easily 
transported and set up at field sites. One area of 
the mobile laboratory is designed for research 
that uses radioisotope-labeled substrates, which 
are necessary to determine the microbial ecology 
and productivity of coral reef systems.

Figure 4. Data summaries. The following datasets were collected from the overlying surface waters and two sediment depths at Alina’s and Anniver-
sary Reefs during three sampling events. (b.d. = below detection limit)
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columns adjacent to coral reefs. Accord-
ingly, there was a flux of these nutrients 
from the sediments into the overlying 
water column at both reefs, with signifi-
cant increases in the flux of ammonium 
and silicate at Alina’s Reef between the 
June and August sampling events (Fig. 
5). Flux rate estimates were calculated 
using Fick’s law of diffusion and the 
appropriate constants as described 
by Rasheed and others, (2002). This 
approach to calculating flux rates does 
not account for advection, as described 
by Huettel and others, (1998). Therefore, 
the flux rate values from this study are 
conservative estimates.

Collectively, the data from this study 
show seasonal trends in the production 
and release of nutrients from sediments 
immediately adjacent to coral reefs. 
Bacterial activities directly alter sediment 
environments in ways that promote the 
production and cycling of these nutrients. 
The concentrations of these sediment-
associated nutrients are significantly 
greater than those found in the overlying 
water column and the flux rates of these 
nutrients contribute to the productivity of 
coral reefs. Bacterial cycling of carbon, 
nutrients, oxygen, and metals alters geo-
chemical processes and, therefore, needs 
to be considered when assessing the ecol-
ogy and health of coral reefs.

Figure 5. Diffusive flux rates of nutrients from the sediments. Nutrient concentration data from the 
overlying water columns and two sediment depths at Alina’s and Anniversary Reefs were used to 
calculate diffusive flux rates of ammonium, silicate, and phosphate into the overlying water column. 

Future research areas - Nutrient 
availability and the positive and nega-
tive effect that nutrients can have on 
coral reef health are major concerns 
of the USGS. The study described in 
this publication establishes a baseline 
dataset for how coral reef sediment-
associated microbial communities in 
the Florida Keys change spatially and 
temporally and how these changes may 
influence the quantity and quality of 
nutrients that are important to coral reef 
productivity. To address how sediment-
associated microbial activities affect 
nutrient cycling and coral reef health, 
future research areas of interest are: (1) 
determining how sediment-associated 
microbial productivity relates to coral 
reef productivity; (2) determining how 
oxygen transport and utilization in the 
sediments by the microbial communities 
alters geochemical processes, such as 
nutrient and metal cycling; (3) determin-
ing how different carbon and nutrient 
sources (e.g., phytoplankton biomass) 
from the overlying water column influ-
ences microbial productivity and nutri-
ent cycling rates; and (4) how microbial 
activities in the sediments influence 
carbonate dissolution and precipita-
tion in response to acidified pore water 
conditions.
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