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CYANOBACTERIAL MATS: MICROANALYSIS OF COMMUNITY METABOLISM
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Introduction

Stromatolites. trace {ossils of microbial communities, provide
the oldest evidence of life on earth; they represent the beginning of
our 3.5 billion year old record. Stromatolites are by far the most
abundant fossils found in the Archean and Proterozoic Eons (3.5-0.6
billion years ago) (BYA)., The other major sedimentary record of the
Prephanerozolic are Banded Iron Formations (BIFs) deposited 2.2-1.8
BYA. Cyanobacteria are postulated to play a major role in the
deposition of both stromatolites and BIFs. Cyancbacteria-like fossils
have been described from cherts 1n many Frephanerozoic and Phanerozoic
sediments. BSome BIFs are asscciated with stromatolites,
Cyariobactei~ial i1ron—dependent photosynthesis related to the deposition
of Handed Iron Formations has been postulated (Hartman, 1984).

Even though stromatolites are scarce in the Fhanerozoic Eon, they
are still found today i1n specific environments where grazing metazoans
are excluded. Cyanobacterial mats are presently found i1n hypersaline
lagouons, hot springs, anuy alkaline lakes. The study of mat-forming
cyanobactaria aids 1n the understanding of the environment of
deposition of Frephanerocolc stromatolites and Banded Iron Formations
as well as our study of evolution ot photosynthesis among the most
ancient groups of oxygenic phototrophs.

Cvanobacteria have long been Lnown as oxygenic photosynthegizers,
Other kinds of photosynthetic modes have been demonstrated for several
mat~forming cyanobecteria, possiblv indicating the antiquity of this
group.

Facultative anoxygenic photosynthesis operating photosystem I
independently of photosystem Il and the use of hydrogen sulfide or
hvdrogen as ele Lron donors have been shown in some strains of benthic
cyanobacteria (Padan and Cohen, 1982). Recently others demonstrated
oxvygenic photosynthesis under high sulfide concentration (Jorgensen,
et al., 1983). Fe**~dependent carbon dioxide photoassimilation
has been shown t+or conditions of intermediate redox potential.

Delta *3C measurements of the cyancbacterial communities
in recent mats have vielded the heaviest value ever recorded for per
m1l organic matter: -4 to -8 per mil. Yet similar measurements in
ancirent mats show values of 12 per mil to 16 per mil. The observed
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discrepancy may be the result of the appearance of the bicarbonate
pump in recent cvanobacteria that evolved in response to the decrease
in atmosphieric CO2 concentration since the Phanerozoic Eon.,

Two field sites were chosen for the study of cyanobacterial mats:
the salt ponds in San Francisco Bay near the Dumbarton bridge where
microbial mats develop under varying salinitieg, and the Alum Rock
sulfur springs.

The microbial communities in these sites were studied using
several approaches: a) lignt microscopyi b) the measurement of
microprofiles of oxygen and sulfide at the surface of the micrabial
maty c) the study of diurnal variation of oxygen and sulfide} d) in
situ measurement of photosynthesis and sul fate reduction and study
of the coupling of these two processesi! e) measwement of glutathione
in the upper layers of the microbial mat as a possible oxygen
quenchers f) measurement of reduced iron as a possible intermed:ate
electron donor along the established redoxcline in the matsi g-
neasurement of dissolved phosphate as an indicator of processes of
break down of organic matter in these systemsi and h! measurement of
carbon dioxide in the interstitial water and its delta *3C in
an attempt to understand the flow of (C0z through the systems.

Using these approaches we have analyzed microbial processes of
primary production and initial degradation at the most active zone of
the microbial mat. Qur results can be compared to those obtained by
thaose working on S04 reductiorn (Chapter 1I1) i1n the deeper part
of the sediment column.

Site Descriptions
Dumbarton Bridge Salt Fonds and Marsh
Salt Fonds

The study sites were the Dumbearton Salt Fonds (salinas)
north of the Dumbarton Bridge (Map 2). These San Fr ancisco Bay
Wildlife Freserve salinas represent several environmentally
distinct microbial wmat communities. There are several salt
evaporite ponds increasing from 42 per mil salinity (pond A2) to
90 per mil in pond $ to 150 (14%5) per mil in pond 4. Sedimentary
surficial microbial mats, collected t+rom water at depths ot 10-20
cm in these ponds have been microscopically examined (gee Table
Iv-1).

The overall trends observed i1nclude a general decrease in
the diversity of cvanobacteria. Fopulation densities ot
Oscillatorza and Anabaena also declined with 1ncreasing
salinity. Anabaena appeared in the 20 per mil pond probably
because a niche was created for it due to the abundance of
Aphanothece halophytica wnich causes a depletion ot mitrogen.
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20 per of) gmgumm
dscillotaria 1,4,5,6,7,30 2 Doainant
ORIGINAL pAQE'iS habaera 42 Fewar
OF POOR QUALlT\’ Spiraliva 2 2% Fowar

tnacellular species: Fewer

Other bacteria

Deggiatoa { 3 4 x 300 & length): Abundent
Spirochetes, Chrosstian: Abundant
Thiospirillan: Fevar

Eularyotes

Diatoss: Dominant

Ciliate and non-ciliate protists: Fawer

42 per 0i) Cyanobacteria
Fischerella - haterocysts: Fewsr
Spiraline (tightiy coiled and loose type): Fewer
Other bacteria
Deggietoa: Fevar
Eukaryotes
Saall and large diatoss: Dominant
Sreen algae, heterotrophic protists: Fewer

90 per ail Cyanchacteria
Oscillatoria 1,5 a¢ Fewer
Fischerella: Foner
Spiraling (tightly coiled and loose type): Fewer
Soadaens 4 a: Famar
Bobanathece balopbytica (planktonic): Abundent
Other bacteria
Spirochetes: Fewer
Beggiatoa: Fewar - Abundant
cukaryotes

Diatoss: Dosinant

143 per oil Cyancbacteris
Rpbanothece balophytica (planktonic): Dosinant
Oscillatoria 1,2,4 a: Fewmer
Purple filamentous bacteria 0.3,1 4! Abundant
Other bacteris
Spirochetes, Beggiatont Fener
Eukaryotes
denaliella (plankionic), Diatons: Fawer
Rod-shaped cilisted protists: Fewer

200 per 0il Cyanobactaria
Sphavethece halophetica: Fawer
Other bacteris
Halophilic bacterial Abundant

Eukaryotes
Dunaliells: Dopinant

Table IV-1. Abundance e#nd variety of or . . .
. ganisms pre
sites of various salinities. present in narsh
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Yet Aphanothece halophytica 1ncreased as salinity increased.
Diatom population densities also appear to decrease as a function
of 1ncreasing salinity. The occurrence of Beggiaetoa and
spirochetes in all salinity ponds suggests that there 15 a
relatively shallow oxygen/sulifide interface in these mats.

Marsh (33 Per Mil) Site

In addition to these saline environments a salt marsh with
salinity around 33 per mil was studied. Mats from this site were
collected as described above and examined microscopically (Table
IV-1) (for site description see Chapter I1II).

Alum Rock Park Sulfur Spring Site

The site chosen at Alum Rock FPark (Map 3) was a suifide
stream flowing down a rocky bank leading into a larger fresh
water stream about 1.5 meters wide. The main sulfide stream
split into two small streams about 35 cm down from the source and
continued floving down the bank. White {ilamentous bacter:a grew
along the two branches of the stream while cyancbacterial mats
bordered the streams. The source water smelled strongly of
sulfide. Elemental sulfur was evident along the edge of the
stream leading from tne source. Samples of microbial communities
were taken along one of the main streams and across the dryer
section between the streams (Figure IV-1). Communities appeared
to vary significantly from high to low sulfide regions.

Materials and Methods
Microelectrode Calibrations and Data Calculations
Oxygen Microelectrode Calibration

The oxygen microelectrode (see Cohen, Sulfur
Transformations, Chapter 1) was calibrated using three sclutions
of known oxygen concentration. The first consisted of distilled
water that had equilibrated having Nz gas bubbled through
it. Similarly the second solution was distilled water that had
had air bubbled through it, and the third was d.istilled water
that had been equilibrated with 0> gas. 7To determine the
oxygen content of the solutions i1n micromcles a kKeithley 486
picoammeter cur-ent meter hoaoked up to an electrode was employed.
Winkler titrations using the iocdometric methord (S¢andard
Methods for the Examination of Nater and MWaste MWater, 15th e€d.)
were done for each of the three solutions. The values thus
determined allowed the construction of a calibration curve for
each electrode. Oxygen microelectiudes were recalibrated
individually and frequently since 1n most media some agents pass
through and poison the semipermeable membrane tip, causing a
nonlinear response to oxygen concentration (Revsbech and Ward,
1984) .
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Calculation of Sample Oxygen Concentrations

For a given profile and a given electrode the particular
conditions at the time of profile measurement must be taken into
account} otherwise 0Oa concentrations from the ammeter
readings may be invalid. An ammeter reading in the overlying
water was taken and a corresponding Winkler titration done to
determine the oxygen concentration of the water. Eventually,
with depth in the profile, a constant baseline reading was
achieved. Thie reading is taken as corresponding to a zero
Oz concentration value in this medium. This zero value
reading ie usually not the same as that in the calibration
(N2 soclution) since the calibration was done in distilled
water whereas the readings are done in complex ionic natural
waters. The electrode still has a linear response to oxygen
concentration but its absolute value shifts in response teo the
chemical environment. By taking the overlying water meter
~eading and subtracting the baseline reading, a value is obtained
that corresponds to the 0. concentration of the overlying
water. Dividing these values i1nto one another vields a slope
factor. Therefore tco obtain an oxygen concentration for a given
reading one must first subtract the baseline reading and then
multiply by the given calibration factor. Knowing that the
elecirode has a linear response, the effect of the given medium
can be taken into account.

Sulfide Microelectrode Calibration

To calibrate sulfide electrodes readings were taken {in
millivolts on a Keithley 160 B Digital Multimeter) for newly made
standard solutions. As a check on the known standards methylene
blue sulfide determinations (Pazhmayr, 19460, modified by Trueper
and Schlegel, 1964) were made on the standards. A calibration
cuwrve was drawn on 3 cycle log paper. The microelectrode
measures 52, so to determine the HaS5 profile one
needs to take into account both pH and salinity. A pH profile
should be taken with each sulfide profile. However, since the pH
profiles we took showed that pH varies little with depth it was
sufficient to determine the pH of the overlying water and assume
constancy with depth. The simplest way to take pH and salinity
into account is ta follow the graphical determination presented
in the Journal of Marine Research, 23, number 3535 (1%265)., which
shaws the relationship between pH, salinity, and decimal fraction
of undissociated hydrogen sulfide at 25°C. Readings were
then taken on the meter (mV), converted to $=-
concentration via the calibration curve and then to He8
concentration taking salinity and oH into account.

Unfortunately, the sulfide electrodes were not very sensitive
b=2low about 100 um and so manvy of our profiles which showed
distinct trends in sulfide with depth could only be described as
showing trace amcunts.
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pH Calibration

pH readings were taken in millivolts on a Beckman Model 3500
Digital pH Meter for solutions buffered at pH S, 7, and 2. Good
linear calibratiorn curves were seen for all the microelectrodes
although the values varied widely dae to differences in the
making of the electrodes.

Photosyntihetic Rate Determinations
Light and Dark Frofiles of Oxygen and Sulfide

To determine diurnal changes in these mat communities both
dark and light oxygen and sulfide profiles were determined using
microelectrodes that had been prepared by Cohen as described by
Revsbech et al. (1983). Details may be found in the
Microelectrode Calibrations and Data Calculations section above.
The application of these electrodes to sediments and microbial
mats has been described by Jorgensen et al. 1983), Revsbech and
Ward (1984), and by Jorgensen et al., 1979. Frofiles from the
sulfur spring were taken in situ, whereas those from the
microbial mats at the salinas were taken on cores brought back to
the laboratory. The cores were taken by hand using 1 1/2 i1nch
diameter acrylic tubing. These cores were kept in water baths in
their own pond water and at ambient temperatures of 29°C,
and were continuously aerated. Light profiles were taken at a
light intensity of 1130 microEinsteins per meter® per sec
(uE ™2 5~2), In order to achieve very fine
resolution when sampling these cores the microelectrodesz were
inserted into the mat with the use of micromanipulators
(Stoelting Co.).

Anoxygenic Fhotosynthesis

To investigate the questicn of whether the microbial
communities in the 42 per mil pond (A2) and at the marsh site
were capable of anoxygenic photosynthesis using H:S as an
electron donor. the core was overlain with a known amount of pond
water and then covered with paraffin oil after the light oxvgen
and sulfide profiles had already been taken. & known amount of
sulfide was then inserted under the paraffin cil into the
overlying water. The core was kept in the dark and continually
monitored by sulfide and oxygen electi-odes inserted at the depth
of maximum photosynthetic activity before the paraffin was added.
Once a steady suifide reading was reachedg the light was switched
on and the decrease in sulfide aiong with the increase in oxvyger
that occurred following 11lumination were monitored. After a
steady-state oxygen concentration was reached the photosvnthetic
activity of the community was compared to that seen before the
sulfide was added. Sulfide concentrations were increased untal
they became toxic to these micreobial mats.
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Ouvygen Level Recovery

A core sample from the 150 per mil pond was studied., A
light cuygen profile was taken (Fig. IV-3)., the core then hept in
the dark for aporozimately & hours, atter which a dark Ua
profile wae taken.,  After these baseline determinations were made
the core was dlluminated (1152 vbE o2 5-% feom an gptic fiber lamp)
ad profiles were taken after 17, 34, and 43 minutes of
illumination.

Results

Light/Dark Profiles of Usyvoen and Sulfide
and Photosynithetic Rates

Introduction to Results

Dark and light onvgen profiles taken and photosynthetic
rates determined in the microbial mats from the ditferent
salinity ponds using an Uz microglectrode (Figures IV-4,

V-8 and IV=&) show two distinct layers ot onvgenic
photosyothetic activity an the wats at the marsh site and in the
4% per mil pond., This activity can probaebly be ascribed to the
oresente of diatoms in the top layer and cvancbacteria in the
Tomer beaver,  The 90 per mil and the 150 per mil pond light

o profiles (Figures [IN-3% and 1V-&3 show & single peab of
phatosvnthetic activity, due to the presence of diatoms and sone
cyenobacteria, Ihe fphapocthece sp. found in the 20 per mil

pung were plantiomic and therefore could not be responsible for
thie peak,. The sedinent of pond 4 U150 per mild dhowed
rielabively pogr mal development and the sediment was coversd with
G mwpsum crust o owbiioh accounts for date obtained from the

Up proftyle, 1t was concluded that cowaenic photosynthetic
activity devreases with increasing salinite,

Gulfide prefiles were also tabken from these mats bobth in the
Tight and in the dark using a sultide microgslectrode. in almost
il tases onmly troce amounts of sulfide were detectabiie. in the
fight, =multide only appesared in desper lavers of the mat (in the
mar sl omat et about 005 mmo in the 42 per o omol osite and ab 1.75 mm) .
Unlv in Lhe mat of the (50 per sil pond did sclfide gocur an the
Traht close to the sursace (0.5 mm depth) in detectable levels
ragure V-5 andicating that sultate veduction rate al this site
vt Bitghl . In the derk pearly all mats looved reduced up to the
surtace.  Havdly any onygern was delectable atter the cores had
peen rocubated in the dark for 2 bhours., However since there was
ng protound ditderence an suifide poofiles in laght and dark,
sl fale reduction 1% probably not Timited by photosynthates.
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ORIGINAL PRGL .S
OF POOR QUALITY

42 Per M1l FPond

Several light oxygen profiles were taken at the 42 per mil
site (Fig. [V-8). These profiles show that the 0- mazimum
is reached between 0.4 and 0.5 mm, and has a value 2+ about 160
uM 0'2.

0 Per Mil Site

The light Oz profile showed relativelv constant
concentrations of about 134 umol O=/min trom the
surface down to a depth of about P00 um., HBelow this depth
the oxygen concentration decreased quickly reaching a zero
reading at 1.5 mm.

150 Fer M1l Site

The light oxygen profile tor the 130 per mil site shows &
drop in oxygen concentration trom the high surface value of 57
umol O=/min, and an apparent second peak concentration
of 55 umol Qz/min at 2000 um deplh Fig. 1V--3).

Quantum Yield (uM Oa/uE)

The 1niti1al siope gf a photosvynthesis vs 1ntenstey plol 1s a
function of the light photosyntinetic reactiun, and, according Lo
Farsons. et al. (1972), 1€ not usually tnfiuvenced by other
factors. Due to the nature of the sampling proceduw e, we did not
actually derive the quantum yield (uM Qa/ufE) but
rather a value directly related to 1L (uM
Oz/m=/uE). Ouw calculations show tihakt the
greatest quantum vield {(or efficiencys was found &b ol um
depth (Table IV-3). This 15 the same depth at whicth the maximum
photosynthetic rates were tound. fhe next bhighest yield was at
7530 um.  Boing to 1000 um there was a fairlv sharp grop
in yield {(from 024 to 217 «M Ou/m=/uE,
and by 1250 um there was essentially zero yield at low light
intensities. The values at the surfauce and 220 um depth were
about the same as that at 1000 um (Table IV-4,.

To determine these yields we measured 1ncident light
intensity and the amount ot light that could be Jdetected throuah
a 1.5 mp slice of the mat. Using Lhese two pointy, and assumiing
a linear relationship for simplicity. the i1ntensities at the
intermediate depths were 2stimated.

Anarvgenic Fhotosvnthesis Results

We attempted to establish the occurvence of ano..ygenic
photosynthesis 1n the microbial mat of the 42 per mil pond. When
the light was switched on aftter smell amounsts of sulfide (Lo
uM) were added to Lhe mat the sulfide concentration decreased
and the oxygen concentraltion i1ncreased accoardingly,. Large
amounts of sulfide (1 mM: seemed to 1nhibit HS8 L si1nce under
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these conditions it toock much longer for oxygen concentration to
build up again. At low sulfide concentrations oxygenic and
anoxygenic photosynthesis seemed to occur simultaneously, while
at high concentrations only anoxygenic rhotosyntheais took place.
No accurate measurements were possible, but a rough estimate of
the anoxygenic photosynthetic activity is 5-10 micromeoles sulfide
per minute. Since no control measurement was possible, we are
not sure whether the decrease in sulfide concertration was due to
anoxygenic photosynthesise by cyanobacteria or to sulfide
oxidation by Thiobacillus-like organisms.

Photosynthetic activity in the mat of the 42 per mil pond
was not inhibited by light intensities up to 1150 «E
m—=2 g=% (Figure IV-7). Inhibition occurred only
at a depth of 2 mm (a conclusion based on only one point).
Therefore the fact that the top layer of the mat was less
photosynthetically active than the deeper layers cannot be
ascribed to inhibition by high light intensity unless the light
intensity encountered in the normal habitat is much higher. The
mat reaches a maximum photosynthetic activity at the highest
light intensity. With increa~ing depth the light intensity
decreased (the light intensity values given in the graph are
those measured at the surface of the mat and no light penetration
could be detected through a 2 mm slice of the mat). Conclusions
cannot be drawn from this experiment.

Oz Level Recovery Experiment Results

Our results indicace that 2 hours was not encugh time to
achieve a baseline dark praofile since the first recovery profile
taken (after roughly 2 1/2 hours dark and 17 minutes light)
showed lower 0Oz levels than the "dark" profile.

Nevertheless, recovery profile trends were seen. Surface
0z concentrations dropped from 57 to about S50 uM

02 but never below this level. In contrast, at 0.1 mm
depth conce. .rations fell from 56 to I4 «uM 0. at 0.2

mm depth the Oz level was probably even lower as the dark
profiles show sharp decreases with depth in this range.

Thus this core shows a double peak profile with sharp
Oz concentration gradients in the upper hal+f millimeter.
After 34 minutes in the light this double peak profile is
replaced by a smooth profile gently decreasing from the surface
to about 0.2 mm depth and more rapidly decreasing after that to a
baseline value of 3 uM at 0.6 mm depth. The shape of the
profile remained basically the same on further illumination with
concentrations increasing all through the profile but still
reaching a baseline of 3 «uM Oz by 0.6 mm. An hour of
illumination was not enough time to allow the core oxygen profile
to fully recover to the original light profile values.
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Ponds

Salinity OF pPoo
20 per ail 42 per il 90 per il ? ¢

saxisus photosynthetic

rate(ss0l0y/ain) 7 80 52
depth of aaxisua

photosynthetic rate

{aicrong) 500 400 250

tua total photosyathetic
rate in top 1 sa

vemol D2 /um 854 sore than 229 213

Table V-3, Summary of photosynthesis rate and depth data

versus salinity {all determinaed
of 1150 «E m-= gec-1). at incident light intensity

Jepth *quantua vield” Ik
asol- 02 #2/4f uf 272 cec?

S L k{1
<l K131 307
500 033 189
750 024 Yl
1000 017 TH
1250 0 193

where [k is an indirect measure of the intensitv at ltght saturatisn

Teble IV-4. Quantum yield sstimates and Ik whare lk is an
indirect measure =f the intensity at light saturation.
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Discussion
Discussion of Oxygen Frotiles and Fhotosynthetic Rates

The light oxygen profiles show similar characteristics at
all siles examined: a zone i1n the upper portion of their profiles
where Oz content is fairly constant. The width of this
zone varies slightly for the three lower salinity sites, being
1.9 mm at the mat, approximately 1.2 mm at the 42 per mil pond,
and Q0.9 mm at the 90 per mil pond. This zone is only 0.5 mm wide
at the 150 per mil site. Though the profiles are fairly
homogenous in their upper sections (Figures IV-3-6 or Table IV-2)
the marsh (20 per mil) and the 4Z per mil profiles do show some
evidence for twc zones of peak oxygenic photosynthetic activity.
Microscopic examination of the 42 per mil mats showed both
abundant diatoms and cyanchaccieria, and it is likely that the
apparent double peak of activity, which may be an artifact, is
dve to the presence of diatoms at the surface and cyancbacteria
in a subsurface laver. The marsh site had cyanobacteria and
diatoms: Reggiatoe was also very abundant. Oscillatoria
sp. were by far the dominant photosynthetic species. The
presence of abundanl Beyyiatoa is indicative of a shallow
aygen/sul fide interface which cuuld easily shift position.
Activity at the 90 per mil zite peaked at 0.25 mm, probably due
to pinnate diatoms since they are most abundant at this position.
No photosvnthetic rate determinations were made at the 150 per
n.l pond which wes dominated by dphanotheces oMvygen
concentrations, however., were low.

Since there were distinct areas of peak activity in profiles
which showed much umiformity in the upper zones it i< prooable
that bicturbation 1s a significant modifier of profiles in these
mats. The shapes of these profiles support an interpretation of
the presence of biocturbation rather than diffusion alone as the
mechanism modifying the profiles. Bioturbation was quite evident
at the 47 per mil site where tube-building polychetes (annelid
worms) wer e abundant. Because of their h.gh salinity tolerances,
it 15 liblely that polychetes and/or nematodes were the
bioturbating agents at the marsh., wherras nematodes alone were
probably the main agent at the 20 and 150 per mil sites.
Fratoctiste, ciliates, and motile chlorophvtes, found at all
sites, could also be contributing to the bioturbation. The
photic xone 1n all cases 15 less than 2 mm thick in these mats.
In general the width of this zone decreases with increasing
salinity {(spe photosynthetic rate profiles),

The depth of the maxaimum rate of photosvnthetic activity
tends to shirt cigser to the surface with 1ncreasing salinity.
Both peak photosynthetiz rates and 0z production in the
top 1 mm of these cores decreased with increasing salinity.
matese of production fell sharply {from the marsh site (20 per mil)
to the 42 per mil site. Retween 42 per mil and 90 per mil the
productivity showed a much more gr adual decrease. Though there
ara no photosyntiietic rate data for the highest salinity pond.
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Figure Iv-8. Photosynthesis at various depths of the sediment
core and calculation of Ik values at the 42 per mil site.
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the fact that 1ts peak concentration profile was only 57 oM

02 as compared to 150-170 uM at the other sites,

suggests that another sharp drop in productivity occurs in qoing
to this high salinity.

Sulfide Frofiles

The sulfide profiles snowed sulfide concentration below
expected vaiues, 1ndeed below the resolution capabilities ot our
microelectrodes. The only exception was the profile of the 1350
per mil site, where relatively high concentrations were {found.

The light marsh profile shows essentially no free sulfide
until a depth of 1.75 mm. where the concentration sharply
1ncreases, leveling off at 3.3 mm. The final concentration at
this depth was approximately 30 dM. A dark profile taken Z
hours after i1ncubation showed surface concentrations of about 3w
uM {or about what the steadv base level was i1n the light
core) with concentration inureasing zlightly with depth and
levelirg off by a depth of 2.7%2 mn Fig. IV-12). The <& z2er mil
sediment ccre (Fig. IV-12) light sultide profile showed only a
gy adueal 1ncrease 1n concentration between 5 and 19 mm. By 10 mm
the concentration was probably stili wrder 10 aM. A proufile
taten atter 4 hours 1n the dark showed sultide i1ncreasing much
more gquickiy, beginning marked charige about 0.25 eam to reach an
approzimate stable concentration (probably about 10 M} at
2.5 mm. Atter 4 hours in the dark the 42 per mil core had some
Reggtatoa scattered on 1ts surfacs. verifying the profile’s
finding of a sulfide sink at the surtace " and indicating that this
was the {c.atioun of the oivgen/eculfide inter face. In contrast,
the marsh coutes were complietely covered by Seggiatoa atter
only apout 20 minutes i1n the darlt and by & hows had gone totally
anoxic. No profiles were done forr the 90 par mii =1te. The 1w
per mil light sulfide protile shows a gradual though erratic
1increase 1n suifide concentration with deptn. The maxi1mum
cuncentration seen 1 tnls care was 150 uM Ha3 at 7.9
mm Frg. IVY--35)

Lomparati.e #naiyses

ftre 150 per mil pond showed the highest sulride
cuncentrations «thougn 1 the upper 7 mm 1t appears quite sionlar
Ltu the marsh sate), tollowed By the marsh, and then the 40 par
mil pund. Tiere 1s nu direct corelation between the ouecer ved
sulride protiles and the alinmity gradient. EBidher there 1= no
corelation aor the correiation 1s overshadovied by other sactare.
All three <i1les have avsariable sulfate and since sul fate
reduction + wles depend un sulfate concentr ati1on Martens and
Berner., 1774, ditferences 1n concent-atione of sultate at the
sites do nol esplain Lhe ditferences 1n the prefiles. Une line
ef =z.planation ior the profriesz 15 that the activaty ot the
sulfate~roducing bacterta ditfers at cach site because of
substrate availability. sedimentation rate, or sumne other fartor
or {factors. However, tihe 150 per ni1l and the marsh site probuably
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Figure IV-9. Photosynthesis rates at the various depths of sediment
core at avaerious light intensities (the 42 per mil pond).
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Figure IV-11i. Marsh site sulfide profiles in the light (1500
4E m~= gec~') and dark. Values a&re given in mV since, being
smaller than 50 uM, they were all below the linear range of
the sulfide electrode. pH = 8.83.
{1 cm)
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Figure IV-12. Sulfide profiles in the light (1300 «uE
m * gecS-1) and the dark (42 per mil
pond) .
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represent two extremes: the marsh site, open to mixing with bay
waters, is surrounded by dense vegetation while the 150 per mil
site is isolated at the end of a series of connected saline ponds
with no suwrounding vegetation growing on the evaporite,
mineral-laden soil (abundant Aphanothece are present in the

water column).

Another line of explanation for the anomolously low sulfide
concentrations at the 42 per mil site is the existence of a
sulfide “"sink." such as ferrous iron, that does not operate at
the other sites. Ferrous iron reacting with sulfide may form
iron monosulfides and eventually pyrite. Roger Frangois found
significant pyrite formation in the sediments of the 42 per mil
pond, the highest rates of formation being in the top centimeter.
Other experiments by the Klug group indicate high rates of
sulfate reduction; sulfide must be taken up in sSome way since
very little free sulfide was measured. The 42 per mil pond is
located immediately adjacent to the spillway pond whereas the 150
per mil pond is removed from direct sea water contact (Iig.
IV-1). Thus the 42 per mil pond may receive iron via its closer
contact with the bay water.
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