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Particulate matter resuspension via m etabolically produced gas 
bubbles from benthic estuarine microalgae communities

A b stra c t— Gas bubbles originating from in
terstitial and epibenthic organisms in Thalas
sia tes tud inum  culture and field system s were  
observed to rise and resuspend adsorbed par
ticulate matter. In culture, 307.9 ml of gas 
were evolved  and 0.97 g dry wt of particulate 
matter was resuspended m -2-24 h r1. In situ 
studies in Tampa Bay, Florida, y ielded  similar 
values for gas production, but higher particu

late loads. Chromatographic analyses of the 
bubbles indicated that the major com ponent 
was photosynthetically produced oxygen. The  
resuspended particulate matter was 70-96%  
inorganic; the organic fraction consisted o f liv
ing organisms and detrital material. This phe
nom enon may be important in the sedim ent 
kinetics and nutrient cycles o f estuarine sys
tems.
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Estuarine productivity is ultimately 
controlled by the availability of nutrients 
to the flora; it is important to understand 
the mechanisms by which these nutrients 
are recycled to the water, lost to the 
ocean or atmosphere, or buried in the 
sediments. The kinetics of particulate 
matter in estuarine systems are extremely 
complex (Oviatt and Nixon 1975). Sedi- 
m ented particulate m aterial is resus
pended by tides and winds. Benthic com
munities can convert it into dissolved 
nutrients, while bioturbation increases 
the transport of these nutrients back to 
the overlying waters. The cycle may then 
be repeated as particulate organic matter 
can form by the adsorption of dissolved 
and colloidal carbon onto gas bubbles 
(Johnson and Cooke 1980). The high den
sities of microorganisms and detritus 
within organic particles and aggregates 
make them loci of metabolic activity and 
nutrient regeneration in the water (Lenz
1977). The bubbles associated with this 
particulate matter have been thought to 
result mainly from turbulence of the 
water, although gas bubbles are pro
duced as a result of benthic metabolic 
activity (Whelan 1974; Oremland and 
Taylor 1977).

During studies of Thalassia testudin
um  in laboratory culture, we observed 
particulate matter being carried to the 
water surface attached to gas bubbles 
originating from the sediments. These 
assemblages would stay at the air-water 
interface for periods up to several min
utes before the bubbles burst, releasing 
the particles. The bubbles were associ
ated with microalgae, primarily the un
arm ored dinoflagellate A m phid in ium  
carterae, a species known to have a ben
thic and interstitial habitat. We report 
here on studies that indicate that this ac
tivity resuspends a significant portion of 
particulate matter. We collected both the 
evolved gas bubbles and the associated 
particles using simple traps which mini
mized benthic community disturbance 
while permitting unrestricted exchange 
between collection areas and the sur
rounding water (Fig. 1). This avoided the 
effects of a closed system over long sam-

Fig. 1. Illustration o f gas/sedim ent trap in Tha
lassia tes tud inum  meadow. Trap consists of a glass 
funnel (mouth 14.2-cm i.d., stem 1.0-cm i.d.) sup
ported 5 cm above the sedim ent surface by three 
glass legs. Gas bubbles were co llected  in an in
verted 25-ml graduated centrifuge tube. Particulate 
matter was collected  in a microfernbach flask cap 
(2.2-cm i.d.) ballasted by a N eoprene stopper in
serted into a PVC tube (2.7-cm o.d.). Area sam pled  
is 150 cm 2. All com ponents w ere acid-washed (10% 
H N O 3) w hich prevented bubbles from attaching to 
surfaces.

pling periods (4-12 h), since alteration of 
chemical equilibria and nutrient transfer 
across the sediment-water interface can 
affect benthic metabolism.

Initial collections from the cultures 
yielded about 1 g dry wt of particulate 
material resuspended and 307.09 ml of 
gas evolved-m“2-24 h -1 (Table 1). These 
values indicated a significant phenome
non, but may have represented an artifact 
of the culture conditions. We did in situ 
experiments in a natural seagrass mead
ow and in a shallow mangrove-lined la
goon without seagrasses. We carefully 
placed the traps along transects while 
floating over the study areas (max depth 
1.5 m), since gas bubbles are liberated 
from the upper sediment layers of Tha
lassia beds when disturbed (Oremland 
and Taylor 1977).

Gas evolution values from the labora-
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Table 1. Dry w eight of resuspended particulate material and volum e o f gas collected  in gas/sedim ent 
traps.

Site

Gas production Particulate resuspension

(ml- 150 cm '2- h 1)* (ml- n r 2- 12 h"‘)t (m g-150 cm_1-h-1)* (g-m-2* 12 h- l )t

Culture system
Daylight# 0.301 ±0.078 242.0 0.82 ±0.05 0.66
Night§ 0 .082±0.017 65.9 0.38 ±0.39 0.31

Seagrass m eadow 11
Daylight 0 .351±0.111 282.2 5.16±3.05 4.15
Night 0 .018±0.011 14.4 1.29±0.53 1.04

M angrove lagoon#
Daylight 0.861 ±0.457 688.8 10.28±1.23 8.26
Night 0.239 ±0.247 192.2 8.41 6.77

* ±1 SD.
t  Values were calculated from means of hourly rates, 
t From 0800-2000 hours.
§ From 2000-0800 hours.
11 Study site located at Lassing Park (St. Petersburg).
#  Lagoon surrounded by a vegetated shoreline containing three mangrove species (Rhizophora mangle, Avicennia germinans, and Lagur, 

cularia racem osa) and is 1.6 km north of Port Manatee, Florida.

tory and natural seagrass systems in day
light were remarkably similar (Table 1). 
The higher rates of particulate resuspen
sion in situ were due to finer sediments 
and to the presence of detrital particles 
which were more effectively resuspend
ed by the bubbles. Culture system sedi
ments consisted of a coarse shell hash 
(aragonite) with little detritus, and from 
which a larger proportion of bubbles was 
released without particulate material at
tached. Values for gas production and 
particulate resuspension were highest in 
the lagoon site. Detritus derived from 
seagrass and mangrove leaf litter pro
vides a substantial nu trien t input to 
coastal estuaries and supports a very pro
ductive interstitial microflora (Snedaker 
and Lugo unpubl.; Klug 1980). Sediment 
samples collected from both field sites 
c o n ta in e d  h ig h  d e n s it ie s  (> 1 0 6 
cells-liter“1) of two dinoflagellates, Gy
rodinium fissum  and Peridinium fo li
aceum, common in Tampa Bay. Other 
microalgae and blue-greens were preva
lent in the samples, but at much lower 
densities. The distribution of these or
ganisms in all three systems was patchy, 
evident in the sediment coloration, and 
indicated by the high standard deviations 
of the data. Several factors seem to be re
sponsible for the lower rates of gas pro
duction (and associated particulate resus

p en sio n ) in  the  seagrass system s. 
Thalassia reduces the area of the sedi- 
ment-water interface, and the leaf blades 
form a canopy reducing the amount of 
light reaching the sediments; both factors 
may decrease the amount of photosyn- 
thetically produced 0 2 per unit area. 
Thalassia also contains internal lacunae 
which may reduce gas bubble evolution 
since gases produced in the sediments 
can diffuse and be stored in the rhizomes 
(Oremland and Taylor 1977).

Gas production and particulate resus
pension in all three systems were re
duced by 75% at night; the lagoon again 
had the highest values (Table 1). The 
production of gas at night suggested that 
it was not totally composed of photosyn- 
thetically produced oxygen, although the 
gradual escape of oxygen trapped in the 
sediment might have accounted for the 
night production. Diffusion of photosyn- 
thetically generated gases stored in the 
lacunar spaces of Thalassia may also re
sult in bubble production after photosyn
thesis has ceased (Hartman and Brown 
1967). The night gas bubbles might also 
result from CH4 and C 0 2 constantly pro
duced in the sediments migrating toward 
the sedim ent-w ater interface (Whelan 
1974).

We compared the composition of bub
bles collected during the day and those
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collected at night. Gases were analyzed 
by gas chromatography (Hewlett Packard 
5840A) using a thermal conductivity de
tector and Poropak Q columns (Bailey 
and Beauchamp 1973). This technique 
gives composite peaks for N2 and 0 2, but 
C 0 2, H2S, H 2, and CH4 are separated. 
Most of the day collections consisted of 
98-99% (by volume) 0 2 and N2, with 
0.06% C 0 2. Similar values reported for 
sediment bubbles collected during the 
day in Thalassia beds of the Florida Keys 
indicate the presence of photosyntheti- 
cally generated 0 2 (Oremland and Taylor
1977). Trace amounts (=s0.02%) of H 2 
were also detected in some of our day 
samples. Hydrogen production reflected 
the presence of unicellular algae and re
ducing sedim ents (G reenbaum  et al.
1978). Gas bubbles collected at night had 
slightly lower 0 2 and N2 levels and 
higher C 0 2 concentrations (0.2-0.6%) de
noting greater contributions from respi
ration. One night sample from the sea
grass bed had a peak of H2S. Sulfide was 
unexpected in the released gas bubbles 
as it is usually oxidized in the water (Fen
chel and Riedl 1970). However, the com
position of sediment gas bubbles from 
Thalassia beds can fluctuate, with low 0 2 
levels in the evening and early morning 
(Oremland and Taylor 1977). Low levels 
of CH4 (0.1%) were detected in day and 
night samples from the lagoon, but not 
from either seagrass system; sulfur may 
be limiting at this site as CH4 is produced 
after S 0 42~ is reduced (Whelan 1974). 
The internal cycling of compounds across 
the redox-potential discontinuity layer 
complicates interpretation of these pat
terns since gases that are released from 
the sediments may only reflect the biota 
of the upper few centimeters (Fenchel 
and Riedl 1970). The dominance and 
composition of gas production in the day
time suggests that photosynthetic activity 
is the major metabolic process responsi
ble for the gas bubbles in the systems we 
studied.

Particu late m atter resuspended  by 
these metabolically produced gas bub
bles (Table 2) could account for up to 
50% of that attributed to resuspension by

Table 2. Com position o f resuspended particu
late matter in Tampa Bay.

Dry wt
Organic
matter Carbon*

Site (g -m ^ -yr'1)

Lassing Park
11 D ec  79 3,029.5 545.3 242.4
27 Feb 80 2,405.4 240.5 106.9

Port Manatee
10 Jan 80 6,033.4 362.0 160.9

* Carbon = organic matter/2.25 (Iturriaga 1979).

tidal movement in shallow bay systems 
(Oviatt and Nixon 1975). Since the com
position of the two fractions is similar (3- 
5% carbon, as determined by ashing), it 
is understandable why this process may 
have been overlooked in conventional 
sediment traps. Examining data from the 
seagrass community, we calculated that 
the equivalent of 10-24% of the total car
bon fixed annually by a T. testudinum  
community (1,000 g C-m _2,yr_1: Odum 
et al. 1959) could be resuspended by gas 
bubbles. This is about equal to the 
amount of carbon fixed by algae epiphyt
ic on Thalassia (Jones 1968). Resuspen
sion in the lagoon is equivalent to 25% of 
the carbon fixed annually by a mangrove 
forest (638 g C-rrT2-yr_1: Snedaker and 
Lugo unpubl.). Present analyses of the 
resuspended particulate matter from the 
seagrass systems showed the presence of 
photosynthetic organisms (Table 3). This 
was not surprising since benthic microal
gae can attach themselves to sediment 
particles (Hartwig 1978). Chlorophyll a 
and pheophytin a levels for resuspended 
particles were similar to those reported 
for sedim enting particles from other 
coastal locations (Iturriaga 1979). The 
higher Chi a : Pheo a ratios of the culture 
particulate materials indicated more liv
ing material and less detritus, reflecting 
the “youth” of this system. Carotenoid 
levels of the particulate material were 
1.5-1.7 times that of the chlorophyll a, 
once again indicating the presence of 
microalgae as carotenoids are often the 
dominant pigments in dinoflagellates and 
diatoms (Goodwin 1974).
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Table 3. Pigm ent concentrations (1: m g-m l 1 gas evolved; 2: m g-m g 1 part.) and ratios of resuspended  
particulate matter collected  in gas/sedim ent traps.

Chlorophyll a* Pheophytin at
Chi a : 
Pheo a

Carotenoi dst

Site 1 2 1 2 1 2

Culture system  
Seagrass m eadow

0.025 0.068  
0.0007 0.0134

0.0017 0.0046  
0.0005 0.0095

14.7
1.4

0.038
0.0012

0.103
0.0229

* Chi a (mg-ml-1 gas) = 26.7 (6650 — 665„) x v/Vg x L, where v is volume of acetone used in extraction (ml), V„ is volume of gas collected
(ml), L is path length of cell (cm), 665„ is absorbance before acidification, and 665„ is absorbance after acidification,

t Pheo a (mg-ml“1 gas) = 26.7 (1.7[655„] — 665„) x v/Vg x L.
t Carotenoids (mSPU) = 10.0 (480) x vfVa x L, where (480) is absorbance at 480 nm.

Our results show that metabolically 
produced gas bubbles can serve as a 
transport mechanism for benthic matter, 
including live organisms. This previ
ously undescribed process, caused pre
dominantly by high densities of intersti
tial dinoflagellates, dem onstrates one 
more ecologically important function of 
this group of algae. Since estuaries pro
vide suitable conditions for the growth of 
benthic and interstitial algae, this process 
may operate in many areas.
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