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ABSTRACT

Anoxic and sulfidic (euxinic) marine conditions may have been widespread in the
Proterozoic, and there is strong evidencesfosodic anoxia and euxinia during the Phanerozoic,
sometimes tied to mass extinction. Geochemical and microbiological studies of modern analogs
(e.g.meromictic lakes) of ancient euxinic environments are essential for furthering our
understanding of theability of euxinic environments and the microbial communities that
dominate them. Here, for the first time, we report the seaaoadjsis of primary pigments and
carotenoids in the microbially dominated chemoclineZ28n) of meromictic Fayetteville
Green Lake (New York) from May 2011 to November 2011. Okenone and &Gk the most
abundant pigments in the chemocline in May and June, reaching maximum concentrations at 20
m and 20.5 m depth, respectively. From August through November, the most dlpigoteemt
in the chemocline is BCH* reaching a maximum concentration at 21 m in August, September
and October, and 20.5 m in November. Our results for the 2011 season reveal a deepening of the
chemocline community through time, a shift from a chemoduomainated by PSB pigments to a
chemocline dominated by GSB pigments, and finaBlight shallowing of the chemocline
community in November. We observed stratification betweera€hat 20 m, BChla* and
okenone at 20.5 m and BG#i at 21 m beginning iMugust and continuing through November.
Coupled to physicathemical data, these results indicate a dynamic relationship between the
microbial communityandseasonally variable environmental conditiongh subsequent

influence on the ambient chemoclieevironment
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CHAPTER 1: INTRODUCTION

Anoxic and sulfidic (euxinic) marine conditions may have been widespread in the
Proterozoic (Canfield, 1998; Brocks al.,2005). Furthermore, strong evidence exists for
episodic anoxia and euxinia during the Phanerozoic, sometimes tied to biotic crises or mass
extinction, especially when euxinic conditiomgended intahe photic zone (Pancostal.,

2004; Griceet al.,2006). Themechanismafor the development of anoxic conditions and euxinia
are widely debated, and this hasultedn numerous hypotheses includingean stagnation,
nutrient trapping, seavel changes and global warmigviewed byMeyerand Kump, 2008).

In short, ar understanding of the mechanisms leading to the development and stability of
euxinic water columns remains incomplégeochemical and microbiological studies of modern
analogs of ancient euxinic environmeptsvide a oppatunity to better understand organic
matter production and preservation undedmie conditionsthe microbial communities
associated with photic zone euxinia, and their distinctive diagenetic remains preserved in the

geologic record.

Photiczone euxira is rae in modern marine environmemtsking detailed and
especially seasonally resolved studies logistically difficult. In contrast, sevemzhpently
stratified(meromictic)lakes are more conveniently situated for scientific investigation, and the
microbial communities they support are compositionally similar to their marine counterparts
(Overmann, 2001; Overmann, 2Q00Bleromictic lakesexhibit permanent stratification as a
result of density dferences between the oxitixolimnion and anoxic monimolimnion.

Additionally, some stratified lakes are also sulfidic at depth, leading to the development of dense



communities of phototrophic sulfur bacteria when sulfidic waters déxten the photic zone.

These communities of anoxygenic phototrophic sulfur bacteria are primarily dominated by
purple sulfur bacteria (PSBndgreen sulfur bacteria (GSBPvermanret al.,1991). These
microorganisms are known to produce charactelligitit-harvesting pigments and carotenoids,
including chlorophylls and bacteriochlorophyilsoreneiratene, chlorobactene and okenone.
These pigments are readily detectable in the water column and their unique diagenetic products

have been found in anciesedimentary rocks.

Microbial chemocline communities of meromictic lakes have been studdiderse
geographic settingacluding, British Columbia, Canad®vermanret al, 199J), central Spain
(Camacheet al, 2000, Switzerland (Tonoll&t al, 2003, and New York state, USAMeyer et
al., 2011).These investigations have shotiat the chemocline is a dynamic microbial niche,
influenced by the intensity amgiality of light,oxygen concentration, sulfide concentration, and
other hydrochemical paranees (e.g. salinity, temperaturén each of these studies, researchers
have tried to identify the dominant chemocline populations and undexgtatdactors in the
lakeallow for their succes€€amacheet al.(2000) (Lake Arcas) and Meyet al.(2011)
(Fayetteville Green Lake) identified the dominant microbial chemocline population as ckenone
containing PSB, primarilhromatium weisseindChromatium okenjirespectively. Similarly,
Tonollaet al.(2003) observed the chemocline of Lake Cadagno (Spain) to be mainhpsed
of PSB, with overall low abundances of GSB between October 1998 and August 1999.
However, arge shifts in the spati@mporal distribution of some purple and green sulfur
bacteral populationsvere observed in Lake Cadagno, indicatimat seasonally varying

environmental conditionsnpact the microbial communities present in the chemocline.



Unfortunatelythese investigations have not explored the variability in the microbial
chemocline community at higspatial andemporalresolutions Our understanding of the
seasonavariability in the spatial distributioand abundance of dominant phototrophic bacterial
populationsand the factors controlling this variabilitythechemoclineremains inadequatés
a result, ve do not havereugh informatioryetto predict relationships betwegerochemistry
andmicrobial distributionsn euxinic systems~urthermore, we have insufficient knowledge to
determine howemporal variabily may affect which pigments are exported and presenvite
sedimentss part of the geogic record The diagenetic geologic forms isbreneiratene,
chlorobactene, and okenone detected in ancient sedimentbderveesd to infer photic zone
euxinia(Griceet al, 2005; Brockst al, 2005; Pancost al, 2004)andareassumd to reflect

the dominant ancient phototrophuopulationgMeyeret al, 2011)

The primary objective of this studytis use pigment abundance and distribution to
investigate the spatitemporal dynamics of phototrophic sulfur bacterial abundances and
ecosystem structure in the chemocline of Fayetteville Green Lake (FGL, New York), one of the
most weltstudied meromictic kes in the worldWe attempt to determine whether seasonal
variability exists in the abundance and/or distributions of populations within the microbial
chemocline community and what factors may be responsible for this variabiétiypothesize
that the omposition and depth of the chemocline varies seasonally and is likely the result of an
ecological or physiological response of the phototrophic microbial community to seasonally
varying environmental conditiond¥e monitor the environmental conditionseothe 2011
season while characterizing the physical and biological stratification observed in FGL using a
suite of physical and chemical parameters including turbidity, dissolved oxygen, oxidation

reduction potential, temperature, conductivity, salirsbiuble reactive phosphate (SRP), total



sulfide and pHHere, for the first time, we report the high resolution, seasoradysis of

primary pigments and carotenoids in the chemocline of FGL, from May to November, 2011.
Beginning at 18 m and continuing a depth of 22 m, we quantitatively determine the
concentration and vertical distribution of the following pigments and degradation products:
Chlorophylta (Chl-a) (Appendix B, 1), pheophytia (Phea) (Appendix B, II), pyropheophytin

a (Pphea) (Appendk B, Ill), bacteriochlorophyta (BChl-a) (Appendix B, V),
bacteriopheophytia (Bphea) (Appendix B, V1), bacteriochlorophyt (BChte) (Appendix B,

IV) and bacteriopheophytia (Bphee) homologs, and okenone (Appendix B, VII).



CHAPTER 2: METHODS

2.1 Site description

FGL is a meromictic lake located in the Finger Lakes region of upstaterduthat
formed at the end of the last glacial maximpossiblyas a glacial plunge pool (Muller, 1967,
Thompsoret al, 1990). Thelake is deep (~53 m) compared to its tigkly small surface area
(~0.258km?) (Brunskill and Ludlam, 1969)The oxic mixolimnion extends from the surface to
approximatel\20 m depth, and the stagnant, euxinic monimolimnion, extends Zfbm to the
lake bottom The chemocline is located within the photic zone of the lake, at rougit@ @0
depth, but haapparently shoaled and deepathrough time based amater column
geochemicaprofiles published in previous investigatigi@unskill and Ludlam, 169;
Thompsoret al, 1990; Meyeet al, 2011) Chemicalstratificationin FGL ismaintained by
separate groundwater sources reaching the mixolimnion and monimolirithiemesult is a
strongsalinity-density differencdetween the two water masspeseserved regardless of
temperatur€Takashiet al, 1968; Brunskill and Ludlam, 196%orgerseret al, 1981)).
Groundwater enters the mixolimnion between approximatdl th water depth, along the
Syracusé/ernon contact, rad at the top of the monimolimniohetween the contact of the green
and red shale facies of the Vernon St{@leompsoret al, 1990) As a result of groundwater
interacting with the gypsuimch basinal shales of the lower Syracuse Formation and upper
Vernon shke, monimolimnion waterareenriched in Ca and SOSulfate concentrations
increase from approximately 42 mM in the mixolimnion to 15 mM in the monimolimnion

(Zerkleet al, 2012).The high concentration of sulfate in the monimolimnion facilitates high



rates of microbial sulfate reduction, leadioghe accumulation of nearly 1n2M hydrogen

sulfidein the deepest portions of the lake (Brunskill and Ludlam, 1969)

The chemoclinsupportsa dense population of phototrophic sulfur bacteria including
specief purple and green sulfur bacteria, although PSB appear to more danmnacent
studies, PSB phylotypes identified include close relativ&shobmatium okeniiandThiocystis
speciegMeyeret al, 2011) while previous studies based on microscopy meperted
Chromatium, Thiocystis, and Lamprocysyp. in the chemocline (Fry, 1986; Thompsbal,
1990. The dominant GSB found in the chemocline is most clostdyad to the brown
pigmented specie§hlorobium phaeobacteroidéMeyeret al, 2011) Cyanobacteria
including, Synechococcusye also found in the chemocline and throughout the mixolimnion

(Meyeret al, 2011; Thompsost al, 1990).

2.2 Sample Collection

Water depth, temperature, conductivity, specific conductivity, oxidation reduction
potential (ORP)salinity, turbidity, pH and dissolved oxygen were measunesituusing a
calibrated YSI 6600 sonde (Yellow Springs, OH, USE&hemocline density was derived from
temperature and salinity usiagmodified version othe Gquation of state of seawaiewhich
describes the density (kgihof seawater at oneéandard atmospherBissolved oxygen was
recordedn situaspercent saturation, but was later converted into moldsaccording to
methods described fBtandard Methods for the Examation of Water and Wastater (Clesceri,

1998).

Water samples were obtained by pumping to the surface using a peristaltic pump and

tubing attached to eustomdesignedine-layer water sampler unit located at a known position



on the YSI instrument. The sampling extended fror228n depth, an intervalhich includes

the bottom of the mixolimnion, the chemocline and the top of the monimolimnion, at 50 cm
spacingAqueous ( p amembrane fater)Gulfide cenoentrations were measured
immediatelyupon collectionusing a sulfid¢total soluble0-1 ppm and 110 ppm) CHEMets®
test kit. Simultaneously, ater column particulate mattemas collectecit the same resolution
andover the samdepth interval. 25800 mLof lake waer from each sampling depth were
collected on preombusted Whatman GF/C fitee( =47 mm) underlain by hydrophilic
membr ane f i | t edinefiltérbold@r We colected matea columnrparticulate
matteronce a month, beginning in M2@11 and continuing untNlovember 2011 The filter
samples wereoated inrRNAlater, folded in half, placed in glass scintillation vials, and kept in a
cooler prior to returning to the lab within 24 hours. All samples were stored in the refrigerator
prior to pigment extractiorT he filtered lake water was refrigerateplon return to the laknd

used to determine soluble reactive phosphate (SRP) concentreédBRRswas measured
spectrophotometrically usirfghosVer3 @pillow packets (0.02.50 mg/L PQ) which employ

the ascorbic acid method.

2.3 Pigment Analysis

We simultaneouslyextracted pigments from glass fiber and membrane filisirg
previously descried methods (Airgt. al, 200). Each filter was unfolded, documented, cut
into quartersplaced in 5amL centrifuge tubes and extractedartotal volume of 20-mL of
high purity acetone. The extraction procedure involves the following: (1) sonication for 5
minutes inacetone, (2) centrifugation for 5 minutes at 2500 rpm, (3) removal of supernatant
using an Ependorff pipette and (4) filtration of supernataoiugh solvent extracted pyrex wool

in a glass pipette (7 mm 1.D. Excess water wagmoved by adding layerof sodium sulfate



(~0.5 9 to the constructed pyrex wool filiag column. After the extraction procedure was
repeated, extracts were combined and then dried under a stream of nitrogen using the TurboVap
LV. Dried extracts were stored in amhmiored, 4mL vials and stored frozen until HPLC

APCI-MS analysis. In ordeto limit thermo and photedegradation of pigments, extractions

were carried out quickly and under minimal ligitll analyses were performed on an Agilent

1200 series HPLC (Agilent, Santa Clara, CA, USA) system controlled by ChemStation Rev.
B.01.03SR2 software. The system consists of a vacuum degasser (G1322A), quaternary
gradient pump (G1311A), autosampler (G1329A) and pHaide array detector (PO

coupled to an Agilent 6300 ion trap mass spectrometer. Water column extracts were analyzed
usinga quaternary gradient of 0.01 M ammonium acetate, methanol, acetonitrile and ethyl
acetate vith separations on two Watersé®igagb ODS2 c ol umn,d50m&46 pac ki n
mm 1.D.; Milford, MA, USA) coupled in succession (Aiet al, 2001)andprotectedby a Waters

10 mm x 4.6 mm guard column and a Phenomenex Security Gusdd@n x 3 mm pre

column. For the@tmospheric pressure chemical ionization mass spectrom&E{MS;

Agilent 6310 lonTrap LC/MS)the nebulizer needle was set to 4137 mbar, therizgtion

temperature was 400 °C, the drying gas flow rate was 5 L' rttie corona needle current was

set at 4000 nA, and the capillary voltage wag&V.

Primary pigments and carotenoids were identified based on their retentionidinies,
mass/chargeatio, fragmentation patterns determined by ARS in positive ion modand
UV-VIS spectrgsee AppendiB). Bacteriochlorophyte from acetone extracts of
Chlorobaculum limnaeu@SM 1677 (courtesy of the D. Bryant Lab, Penn State University),
pure standards of bacteriochloropkgl{Frontier Science, Logan, Utah, USA) and chlorophyll

(SigmaAldrich, St. Louis, MO, USA) and a purified fraction of okenone were used to determine



retention times. Following the approach of Fulton (2010), pigments were then quantified by
comparison with standard material, using light absorbance characteristics. We calculated
guantitative linear response factors for the BD#y injecting different vaimes (2, 4, 6, 8, and
10 L) of a known eolhecapproach @ Euitom (2010)usepthei&€bl Ch |
linear response factoo correct for the differences in absorbance betweera@ht the pigment
of interest using the ratio of their respeetmolar extinction coefficients, while correcting for
differences in the absorbanceHPLC eluent for Chla and the pigment of interest (see
AppendixB). Chl-a, BChla andthe BChl-e homologs are relatively unstable coounds
compared to carotenoids such as okenandas a result their type 1 transformation reaction
products (i.ephaeophytins) areften found in the water column and contemporary sediments
(Keely, 2006) Thus, we report pigment concentrations as the suimegbigment and the
corresponding degradation product@hl-a* is the sum of Chl, Phea and Pphea. BChla* is
the sum of BChha and Bphea. BChle* is the sum othe BChl-e and Bphe homologs ([Et,Et],

[n-Pr, Et], [-Bu-Et]).



CHAPTER 3: RESULTS

3.1 Physicalchemical Description of FGL

Thetop of thechemocline was located at approximately2205 m deth during the 2011 season
based on the disappearamé®xygen, the first appearance of suéfj and the abrupt shift from
positive to highly negative oxidatieneduction potentiallThroughout the seasonxygen
concentrations decreabftom 11-29 >M at the top of the chemocline @4 >M at the bottom of the
chemoclingFigure 1) However, a secondary oxygen maximum developed in August at 1818 m
persisted througiutthe fall. Themagnitude of theecondary oxygen maximum observestir
AugustNovember ranges from approximatehl6>M. Sulfide concentration across ttop of the
chemocline increases rapidly fron»® to 156312>M, with increasing depth. During Mayune,
and Novembesulfide penetrates upward to more shallow depth£2(®8 m) than it does from
August throughOctober(20.521 m) (Figure 1)The pH throughout the chemocline remained
relatively constant over the season within a range o7 6/8ater temperaturis seasonally variable,
but generally decreases with increasing depth frof85EC at the surface of the lake t87C at the
bottom ofthe chemocline (22 m)Temperature profileBom the lake surface to the bottom of the
chemocline (22 myeveal a primary thermocline at seasonally variable depths in the mixolimnion
and a secondapermanenthermocline locatedt the chemoclinApperdix A, Fig. A-1).
Temperatures dhe top of the chemocline (18)nmcreased from ~8 °C in April to ~11 °C in
November, while temperatures at the bottom of the chemocline (22 m) incheased’.8 °C to 8.7
°C during the 2011 seasdRigure 2) FGL waterdensityincreasesrom the lake surface to the
bottom of the chemocline, with the pycnocline coinciding with the chemocline régopendix A
Fig. A-2). Within the first several meters of the mixolimnion, water density decreases from ~1000

kg/m®in June to 998 kg/frin July. Then from July through November, water density progressively

10



increases from ~998 kgfto ~1001.8 kg/rh Within thechemoclinethe overall higheswater
densitiesvereobserved during October and November (Figure 2). Pladsmoncentrations increase

with increasing depth, ranging from €037 >M at the top to 0.-1.5>M at the bottom of the

chemocline (Figure 3).
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Figure 1. Seasonal variability of dissolved oxygeand sulfide within the chemocline.The light
grey bars mark the top of the chemocline (i.e. the first appearance of sulfide and the disappearance of
oxygen).For the dissolved oxygen profilefiet thin horizontablack lines represent the standard
deviation associated with two or more repte oxygen profiled=or the total sulfide profiles, the
thin horizontal black lines represent the efrot/2 of a color standard increment) associated with
the methylene blue methodolod@yissolved oxygen decreases sharply with depth within the
chemocline of FGL throughout the 2011 seasonAugust, a secondary,@aximum develops at
19.5m, and persists into Novembéihe secondary gnaximum becomes the most pronounced
during October athNovember and is on the order of approximately¥0 Sulfide concentration in
the chemocline increases rapidly frorrl to 312>M with increasing degtr. During May,June,

and Novembesulfide penetrates upward to reshallow depths (220.5 m), tharduring August
through Octobewherethe first appearance of sulfide is deeper (ZL5n).
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Figure 2. Seasonal variability of temperature (left) and density (right) within the
chemocline.The thin horizontal black lines represent the standard deviation associated with two
or more replicate temperature profilEsroughout the 2011 season, the temperature within the
chemocline increases overall. The top of the chemocline warms 3°C frontcANolvember,

while the bottom of the chemocline warms by less than 1°C during that time. The density
throughout the chemocline increases with depth. From April to August chemocline water
density varies between 10011801.8 kg/m, and is less dense thaster density for October

and November which ranges from 1062(02.6 kg/m.
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Figure 3. Chemocline phosphate concentration3.he thin horizontal black lines represent the
standard deviation associated with two or more replicate SRP measurdthesfshate

increases with increasing depth within the chemocline. Generally, at 20.5 m phosphate becomes
depleted over the progression of the season from May to November. At 21 m, phosphate reaches

a maximum during the months of October and November.
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Within the chemocline is a ~30 cm thick bacteqahted mainly composed of phototrophic
sulfur bacterianferred from the bright pink color of the wat@he location of this bacterigblated
in the chemocline was identified and tracked throughout the season iojtyurieasurements
Turbidity is the cloudinessf a fluid due to the amount of suspended material, incluatogerial
cells.In the chemocline oGreen Lake, turbidity is a crugeoxy for cell density, butouldalsobe
influenced by other suspended padgkuch as dead/inactive cefisdiment and possibly elemental
sulfur which is stored extracellularly I6SB and intracellularly bi?SB.The location and magnitude
of the turbdity maximum within the chemocline varies significantly from month to month (Figure 4).
Overall, the location of maximum turbidity deepens and diminishes in magnitude throughout the
2011 season. In April, the turbidity peak is located at 19.5 m, butmeép0 m and 20.5 m in
May and June, respectively. In July, the turbidity maximum reaches its maximum depth of the season
at 21 m and remains at that depth through November, although the magnitude is approximately half

of that in June.

15
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Figure 4. Spatio-temporal variability of turbidity within the chemocline The circles

represent the asymptotic turbidity values at each depth taken from the average of two or more

replicate turbidity profilegsee Appendix A)The thin horizontal, black lines regsent the

standard deviation associated with two or more replicate turbidity profiles. Throughout the 2011

season, thdepth of the turbidity maximunmcreases and diminishes in magnitude.
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3.2 Pigment Distribution in the Chemocline

HPLC-APCI-MS analysis of FGL chemocline retentate extracts reveals that the abundance and
distribution of prmary pigments and carotenoids aeasonally variable. In May, the most dominant
pigment detected in the chemocline is the carotenoid okenone. Okenone i®umolstra. during
May compared to other months, reagha maximum concentration of 10680lL at 20 m depth
during the 2011 season (Figure 5). The concentration of-BObdrallels okenone, but isde
abundant with a maximum of 4énolL at 20 m. Chl-a* and BChie* were detected in May, but at
low concentrations of less than 1@@ol/L. In June, okenone is still the most abundant pigment in
the chemocline, reaching a mamim of 508nmol/L at 20.5 m.Chl-a* and BChie* were detected
in the chemoclinehut at low concentrations of less thE2inmol/L In July, peak okenone
concentrations reach a seasonal low®hmol/L at 21 m and only trace amounts of all other
pigments were detected. The most abundant pigment present in the chemocline from August
November is BChE*, reaching a maximum concentration at 21 m during the months of August,
September, and October, aai20.5 m in November. The BGRF maximumat 21 m increases
from 318 nmol/L in August to 788 nmol/L in Septembérere it reaches a seasl high From
October to November, the BCaAF maximum decreases to 512 nmol/L and 479 nmoétpectively
A distinct stratification in the distribution of pigments within the chemocline is present during the
late summer and fall, with Clat* peakconcentrations observed at 20 m, Bahiand okenone peak
concentrations observed at 20.5 m and B&€hpeak concentrations observed at 21 m. By
November, the BChé* maximum of 47%mol/L begins to shoal, from 21 m to 20.5 m, coinciding
with the okenone aximum of135nmol/L during that time. These results highlight a shift from a
shallower okenondominated chemocline to a deeper B€Mdominated and a more stratified
chemocline, with respect to pigment distribution, from May to Novenibespite the almdance of

BChl-e* in the chemocline during the summer and fall, the carotenoids chlorobactene and

17



isoreneiratene, diagnostic of the green and browlared GSB, respectively, were not detected in

FGL chemocline samples. This observation agrees with Metyar(2011) whowere unable to

detect these carotenoids in both benthic and planktonic environments. To ensure that their failure to
identify chlorobactene and isoreneiratene was not the result of an analytical or extraction problem,
Meyer et al. (2011¢xtractedand processeliomass from pure cultures Ghlorobium tepidungfor
chlorobactene) an@hlorobium phaeobacteroid€fr isoreneiratene)sing the same methods

employed for the environmental sample analysis. Those researchers weredahl@tteely detect

and identify chlorobactene and isoreneiratiam extracts of the cultured biomassit not from any

FGL samples.

18
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Figure 5. Spatiotemporal pigment distribution in the chemocline.Chl-a* is representative of
cyanobacteriapkenone and BCk* are representative of PSB, and B&@hlis representative of
GSB.In May and June, the chemoclisedominated by the carotenadtenone at 20 m and
20.5m, respectively. In July, all pigment concentrations fall below 100 nmol/L. Bagiimi
August and continuing through Novempgire chemocline is dominated BLChl-e* at 21 m.
During that same time span, a distinct stratification develops betweeat @20 m, okenone
and BChia* at 20.5 m and BChé* at 21 m. The relative propagatadcertainty (Taylor, 1982)
for the calculated pigment concentrations 18 nmol/L.
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CHAPTER 4: DISCUSSION

Our results reveal significant seasonal variability in the depth and magnitude of the cell
density (turbidity) maximum observed within tbleemocline. The cell density maximum deepens
and diminishes in magnitude with the progression of the 2011 season (Figure 6), which we infer is
related to the physicalhemical evolution of the chemocline from April to November. The secondary
thermocline bserved at the approximate location of the chemocline strengthens considerably from
the summer into the late fall. The temperature differenté ljetween the top (18 m) and bottom (22
m) of the chemocline increases from 0°C in April to 2°C, in Novembgu(€ 6). In marine
systems, the development of a thermocline during certain times of year inhibits vertical mixing and
the transport of Abiolimitingd nutrients, |ike
rapidly consumed in the surfaceear) transported to deptind eventually released into the deep
ocean through remineralization processes, resulting in phosphate depletion in the surface ocean and
enrichment at deptiSimilarly, in FGL phosphate concentrations increase with incredsiptin
through the chemocline, but seasonal variability in the distribution and availability of phosphate is
evident (Figure 7). From May to November, phosphate becomes depleted at shallower depths (20 m
and 20.5 m) within the chemocline, and in Octobet Idovember is less abundant than phosphate
concentrations at depth (21 m and 21)5 rhe strengthening of the secondary thermocline
throughout the season results in the enhancement of an already present physical barrier to mixing,
thus limiting nutrientransport from depth such that phosphateapped below the thermocline. As
a resultthe microbial chemocline community forced tomove deepein orderto obtain the

nutrient.
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Figure 6. Seasonal variation in chemocline cell density and temperaturés the season
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progresses from April to November, the temperature differgrtebetween the top and bottom
of the chemocline increases. The deepening and diminishing of the cell density maximum

coincides with the increase jiT.
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Figure 7. Seasonal phosphate concentration through time from 221.5 m.In general,
phosphate at shallower depths (20 m and 20.5 m) is depleted from May to November, while
phosphate at deeper depths within the chemocline becomes enriched during October and
November.
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The deepening of the cell density maximum and its reduction in magnittite late
summer/early falis accompanied by a large shift in abundance between okenone and*B@l
May and June, okenone is the most abundant pigméime ichemocline, and peaks in magnitude at
20 m and 20.5 m, respectively, while B&#ilis not detectedrrom August through November
okenone is present, but at significantly lower concentratiof3saiblers of magnitude), and BG#tl
is the most abundantgment in the chemocline reaching a maximum concentration at 21 m in
August, September and October and at 20.5 m in November (Figure 5). We interpret this shift in
pigment abundance as a shift from a mainly i®Biinated chemocline to a deeper G&Bninaed

chemocline.

It is important to mention that pigment abundance cannot be directly equated to population
abundance. Pigment abundance varies from species to speciesland fsinction of environmental
factors, mainly light intensity. For most photmphic organisms, theize of the photosynthetic
antenndncreases under very low light intensities (Sandtesd, 1998). For example, in the Black
Seachemoclinewvhere light transmissiois only 0.0005% of surface irradiance, GSB have
intracellular pigmat concentrations two times higher than other green sulfur bacteria (Oveetann
al., 1992). Howevemur analysigeveals a significant difference between the dominant pigments
present in the spring compared to the late summer and fall. We proposetbaté dominant PSB
population present in May and June at shallower depths is eventually outcompeted by a GSB
population with the progression of the season, as the PSB population is forced to move deeper in
order to acquire phosphate. Compared to PS&rgsulfur bacteria are exceptionally well adapted
to low light environments because of the size of their photosynthetic antennae. The photosynthetic
antennae of GSB consist of specialized intracellular structures called chlorosomes containing
approximatey 50068000 bacteriochlorophyll molecules per reaction center (Frigaard et al., 2003),

while the photosynthetic antennae of PSB are on the order20@0acteriochlorophy molecules
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per reaction center (Zuber and Cogdell, 1995). Additionally, @8terallyhave lower maintenance
energy requirements and a higher sulfide tolerance than purple sulfur bacteria (Overmann, 2008),

whichwould further promoteheir competitive advantage deeper in the FGL chemaocline.

Microbial mats are characterized byegtechemical gradients of metabolic products over
micrometer to millimeter scales. As a result, mats are vertically stratified with dominant populations
situated relative to their unique requirements for light and metabolic praligtias sulfide and
oxygen. Typically, from top to bottom, microbial mats are stratified into layers of diatoms and
cyanobacteria, cyanobacteria alone, and in high sulfate environments PSB, GSB andesiuléabg
bacteria (Overmann, 2001). A similar observation can be madedieg the vertical stratification of
dominant populations within the chemocline of FGL but on a much larger scale. Beginning in
August and continuing through November, a distinct stratification in the distribution of pigments
within the chemocline is psent, with Chla* peak concentrations observed at 20 m, Betdnd
okenone peak concentrations observed at 20.5 m anddBQ@iglak concentrations observed at 21 m
which we interpret as an ecological stratification between microaerophilic cyanobact&;aneS
GSB, respectivelyWe interpret the development of this ecological stratification as the consequence
of physical stratification and nutrient limitation, driving the chemocline community to greater depths.

Lower light availability leads$o the subsagent dominance of the GSB at depth.

However, like microbial mats, the dominant populations mbt cespond to, but alsshape
their ambient environmental conditions. In microbial mats, cyanobacteria are situated at the top of
the microbial mat because of their metabolic ligierancebut they shape the surrounding mat
environment by creating an oxygen maximum zone vigeric photosynthesis (Des Marais, 2003).
Similarly, from August to November in FGL we observe a secondary oxygen maximum at 19.5 m

associated with the highest concentration of cyanobacteria pigments within the chemocline (Figure
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8). The offset between tlghl-a* peak at 20 m, and the oxygen maximum at 19.5 m may be
attributed to the consumption of oxygen at depth where sulfide is present via abioticr@ial)

sulfide oxidationGiven that we did not measure sulfide oxidation rates in the chemoalebave
considered alternative explanations for the observed of@etexplanation takes into account the
relationship between pigment abundance and population abundance, recalling that the size of the
photosynthetic antennae increases under lower light inte@$ia* is detected at 19.5 m where the

O, maximum is observedbut does not peak until 20 m depithis possible that the cyanobacteria at

20 m are producing more pigment (i.e. &jlper cell because light intensity at that depth isslow
compared to 19.5 minother explanatiofor the offset may be that not all ihe cyanobacteria

present in the chemocline are exclusively performing oxygenic photosyntbedes. reducing

conditions photosystem Il becomes completely inhibited, but some cyanobacteria are able to switch
to anoxygenic photosynthesis using only peggtem | and hydrogen sulfide as the electron source
(Cohenet al, 1975). It is possible that the cyanobacteria present around 20 m, where sulfide is also
present, are penfming anoxygenic photosynthesis. However, this seems unlikely since the majority
of cyanobacteria are obligate oxygenic phototrophs and cannot use hydrogen sulfide as an alternative

electron donor (Coheet al., 1986).
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Figure 8. Highest abundance bcyanobacteria pigments associated with a secondary,O

maximum. From August to November we observe a secondary oxygen maximum at 19.5 m
associated with the highest concentration of cyanobacteria pigments within the chemocline. The peak
in oxygen is apprdriately 0.5 m higher within the chemocline than the peak ira€hivhich is

found at a depth above the sulfide maximum.
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In comparison to the recent work of Meyral.(2011) on carotenoid biomarkers in the
water column and sediments of FGL, our results differ markddbyeret al.(2011)collected water
column retentate & m resolution from the mixolimnion to the monimolimnion, including the
chemoclingduring Octder 2007.0Okenonewas the most abundant carotenoid and B&hlvas the
most abundant primary pigment at 20.2 m in the lake, reaching a maximum concentration of 449
nmol/L and 340 nmol/L respectively. Similarly in October 2011, we identified an okenoriCird
a* maximum at 20.5 m of 138 nmol/L and 183 nmol/L, respectively, but neither was found to be the
most abundant pigment in the chemocline. Our work reveals thatd®mds the most abundant
pigment in the chemocline during Octol2&11reaching a maximum concentration of 512 nmol/L at
21 m (Figure 5). Meyeet al.(2011) identified BChke* in the chemocline at a concentration an order
of magnitude less than either okenone or B&€hland two orders of magnitudess than the
concentratn determined from this study. Finally, our results show a distinct stratification between
peak pigment abundances throughout the chemocline, while the results ofdlaly€2011) show
all pigments peaking at the same depth in the chemocline in Octtlheever, this discreancy
could be attributed to mudbwer spatialsampling resolution in the investigation by Megerl.
(2011).Nonetheless, it seems likedygnificant temporal variability exists in the abundance and

spatial distribution of phototghic sulfur bacteria within the chemocline of FGL.

These variations are likely the result of the temporal evolution of the physiealical
properties of the lake from year to year. For example, a study by Tehal§2005) investigated
the long term variability of phototrophic sulfur bacteria in the chemocline of meromictic Lake
Cadagno usinin situ hybridization with probes specific to populations of PSB and GSB. Over the
course of their tefyear investigation, those researchers found large shifts in the abundance of purple
and green sulfur bacteria, and among different populations of purpleesmsyrifur bacteria. From

1994 to 2001, PSB were numerically most abundant, represent@sfs@f the phototrophic sulfur
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bacteria present, but from 2002 to 2003 GSB were most abundant representing approximately 95% of
the phototrophic sulfur bacterid.onollaet al.(2005) found that the major shift in community

structure coincided with changes in profiles of turbidity, photosynthetically available radiation,

sulfide concentrations and light intensity resulting in altered environmental niches favored by

different populations.

It would be tempting to infer that the variability in pigment abundance and distribution
observed during the 2011 season is representative of a typical seasonal cycle where a shalower PSB
dominated chemocline in the spring givesy to a deeper, more stratified, G8Bminated
chemocline during the summer and fall. However, the abundance and distribution of pigments
observed in May 2011 differs markedly from that observed in May 2012 (Figure 9). In May 2011,
the most abundantgpinent present in the chemocline is okenone, reaching a maximum concentration
of 1063 nmol/L at 20 m depth. Okenone is still present during May 2012, but is no longer the most
dominant pigment and is instead replaced by B&€hieaching a maximum concentoat of 844
nmol/L. Although the pigment composition of the chemocline is different from May 2011 to May
2012, we do observe the-sboaling of the chemocline from 21 m in October 2011 to 20.5 m in
November 2011 and finally to 20 m in May 2012, indicatimaf pphysical and chemical cycles are

repeating, but ecological responsee much more complex.
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Figure 9. Annual variabilty of pigment abundance and distribution in the chemoclineln

May 2011, the most abundant pigment present in the chemocline is okenone, reaching a maximum
concentration at 20 m depth. Okenone is still present during May 2012, but is no longer the most
dominant pigment and is instead replaced by B&€Hheaching anaximum concentration of 844

nmol/L. The relative propagated uncertainty for the calculated pigment concentration® is
nmol/L.
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CHAPTER 5: CONCLUSIONS

5.1 Concluding Remarks

Pigment analysis of the chemocline environment of FGL during 2011 indicates strong seasonal
variability in the composition and depth of the chemocline. From May 2011 to November 2011, we
observed a shift from a shallower, okenameninated chemocline todeeper, stratified, BChd*-
dominated chemocline which we interpret as a switch in the dominant population from PSB to GSB.
Our investigation provides evidence in support of our hypothesis that this variability is related to the
response of the phototroghmicrobial community to seasonally varying environmental
conditions. Furthermore, our study illustrates the dynamic nature of the chemocline where
microorganisms not only responds to varying environmental conditions, but also play a part in
influencing plysicalchemical conditions within the chemocline. Finathg abundance and
distribution of pigments observed in May 2011 differs markedly from that observed in May 2012,
indicating the possibility of an environmentally forced lag in the cycle orrésemqce of a longer
term cycle. We recognize the need for further investigations to determine the periodicity of the

observed seasonal cycle or lack thereof.

5.2Implications for the Biomarker Record

The complex pattern of pigment distributions obsemetie chemocline of FGL during
the 2011 season suggests a cautious approach to interpreting distributions of phototrophic
bacterial biomarkers preserved in the geologic rectsarenieratane, chlorobactane and
okenane are generally regarded as diagnbstimarkers of brown and green species of GSB and
PSB, respectively, and are interpreted as evidence of photic zone eBased. on the different

light requirements and vertical distribution of PSB and GSB found in modern environments,
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some studies haveven hypothesized that the distribution and abundance of these biomarkers
may be indicative of paleochemocline deptihere okenane indicates a shallower chemocline
and isoreneiratane implies a deeper chemocline (Brocks and Schaeffery220B) this sudy

we observed shift from an okenordominated chemocline in the spring to a BEW
dominatecand isoreneiratene devatiemocline in the summer/fall his shift in pigment
abundance during 2011 occurs overm interval, and moreover, the peak inlB@&* observed

in the summer/fall coincides with a peak in okenondicating that PSB and GSB are coexisting
at nearly the same deptlising the distribution and abundance of pigments in paleochemocline
depth reconstructions should be avoided unlessatogical settings where the depth is

independently constrained.

At no time during out study were we able to detect isoreneiratane or its biological
precursor in the chemocline of FGL. Mewral.(2011) made a similar observation and were
unable to dect isoreneiratene in the water column or in surface sediments even though GSB
were found above and loel the chemoclineThose researchers suggest that the GSB in FGL do
not require the carotenoid for light harvesting. Based on this, it seems liaebthier modern
and ancient GSB do not synthesize isoreneiratene either. Future work felvosidn
investigatingalternative GSB biomarkessnce it would appear that not all species of brown

GSB are making isorenieratene, and thus there would be no geologic signature of their existence.
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APPENDIX A: FAYETTEV ILLE GREEN LAKE PHYS ICAL -CHEMICAL
DATA FOR 2011
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Tables 1A through 8C contain the asymptotic data collected each month over the 2011
seasonThroughout the sampling we allowed the YSI 6600 Sonde to equilibrate for 2 minutes
before moving on to the next depiremperature (Temp), specific conductivity (SpCond), pH,
oxidationreduction potential (ORP), dissolved oxygen saturation (DO), condyqi@tond) and
salinity (Sal) are shown in all tables beldBpecific conductivity is a measurement
representative of the concentration of dissolved ionic species, normalized to 25 °C. pH and ORP
data are not included for the months of April, May and J@talise a fouling pH/ORP on the
YSI 6600 Sonde resulted in inaccurate measurements. We profiled the chemocline three times
during each month, except April and June due to technical problems in the field.

Table 1A. April 2011 asymptotic dataprofile 1

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV  NTU % mS/cm ppt
8.18 2.618 18.100 - - -0.5 11.7 1.777 1.36
8.18 2.618 18.090 - - -0.5 11.6 1.777 1.36
8.18 2.618 18.090 - - -0.5 11.5 1.777 1.36
8.18 2.618 18.090 - - -0.5 11.4 1.777 1.36
8.18 2.618 18.090 - - -0.5 11.3 1.777 1.36
8.23 2.641 18.500 - - -0.5 2.2 1.795 1.37
8.23 2.641 18.500 - - -0.5 2.2 1.795 1.37
8.23 2.642 18.500 - - -0.5 2.2 1.796 1.37
8.23 2.642 18.500 - - -0.5 2.2 1.796 1.37
8.23 2.642 18.500 - - -0.5 2.1 1.796 1.37
8.34 2.659 19.000 - - 1.2 1.5 1.813 1.38
8.34 2.660 19.000 - - 1.3 1.5 1.814 1.38
8.34 2.662 19.000 - - 1.4 1.5 1.815 1.38
8.35 2.664 19.000 - - 15 1.5 1.817 1.38
8.35 2.666 19.000 - - 15 1.5 1.818 1.38
8.28 2.685 19.530 - - 23.3 1.2 1.828 1.39
8.29 2.685 19.530 - - 23.2 1.2 1.828 1.39
8.29 2.686 19.530 - - 23.1 1.2 1.828 1.39
8.28 2.685 19.530 - - 23 1.2 1.828 1.39
8.28 2.685 19.530 - - 22.9 1.2 1.828 1.39
8.11 2.691 20.020 - - 17.3 0.9 1.823 14
8.11 2.690 20.020 - - 17.3 0.9 1.823 14
8.11 2.690 20.020 - - 17.3 0.9 1.823 14
8.12 2.690 20.020 - - 17.3 0.9 1.822 14
8.12 2.690 20.020 - - 17.3 0.9 1.822 14
7.97 2.693 20.510 - - 8.1 0.8 1.817 14
7.97 2.693  20.510 - - 8.1 0.8 1.817 1.4
7.97 2.693 20.510 - - 8.1 0.8 1.817 14
7.96 2.693  20.500 - - 8.1 0.8 1.817 1.4
7.96 2.693  20.510 - - 8.2 0.8 1.817 14
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7.93 2.703  21.070 - - 4.5 0.7 1.822 14
7.93 2.703  21.070 - - 4.5 0.7 1.822 14
7.93 2.703  21.070 - - 4.3 0.7 1.822 14
7.93 2.703  21.070 - - 4.3 0.7 1.822 14
7.93 2.703  21.070 - - 4.3 0.7 1.822 14
7.89 2.718 21510 - - 2 0.6 1.830 141
7.89 2.718 21510 - - 2 0.6 1.830 141
7.89 2.718 21510 - - 2 0.6 1.830 141
7.89 2.717 21.510 - - 2 0.6 1.829 141
7.89 2.717 21.510 - - 2 0.6 1.829 141
7.89 2.729 21.980 - - 1.2 0.5 1.837 1.42
7.89 2.729 21.980 - - 1.2 0.5 1.837 1.42
7.89 2.729 21.980 - - 1.3 0.5 1.837 1.42
7.90 2.729 21.980 - - 1.3 0.5 1.838 1.42
7.90 2.729 21.980 - - 14 0.5 1.838 1.42
Table 1B. April 2011 asymptotic data, profile 2

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV  NTU % mS/cm ppt
8.19 2.622 18.080 - - -0.5 1 1.780 1.36
8.19 2.622 18.070 - - -0.5 1 1.780 1.36
8.19 2.622 18.070 - - -0.5 1 1.780 1.36
8.19 2.622 18.060 - - -0.5 1 1.780 1.36
8.19 2.622 18.070 - - -0.5 1 1.780 1.36
8.27 2.649 18.600 - - 0.7 0.6 1.802 1.37
8.27 2.649 18.600 - - 0.6 0.6 1.802 1.37
8.27 2.649 18.600 - - 0.6 0.6 1.802 1.37
8.27 2.649 18.600 - - 0.6 0.6 1.802 1.37
8.27 2.649 18.600 - - 0.6 0.6 1.802 1.37
8.28 2.689 19.200 - - 21.7 0.5 1.830 1.40
8.28 2.689 19.200 - - 21.6 0.5 1.830 1.40
8.28 2.689 19.200 - - 21.8 0.5 1.830 1.40
8.28 2.688 19.210 - - 21.9 0.5 1.830 1.40
8.28 2.688 19.210 - - 21.9 0.5 1.830 1.40
8.22 2.690 19.490 - - 18.4 0.6 1.828 1.40
8.22 2.690 19.490 - - 18.3 0.6 1.828 1.40
8.22 2.690 19.490 - - 18.3 0.6 1.828 1.40
8.22 2.689 19.490 - - 18.3 0.6 1.828 1.40
8.22 2.690 19.490 - - 18.3 0.6 1.828 1.40
8.00 2.697 20.020 - - 11.6 0.4 1.821 1.40
8.00 2.697 20.020 - - 11.6 0.4 1.821 1.40
8.00 2.697 20.020 - - 11.5 0.5 1.821 1.40
8.00 2.697 20.020 - - 11.5 0.5 1.821 1.40
8.00 2.697 20.020 - - 11.4 0.4 1.821 1.40
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7.94 2.699 20.430 - 6.2 0.4 1.819 1.40
7.94 2.699 20.430 - 6.2 0.4 1.819 1.40
7.94 2.699 20.440 - 6.2 0.4 1.819 1.40
7.94 2.699 20.450 - 6.2 0.4 1.820 1.40
7.94 2.699 20.470 - 6.2 0.4 1.820 1.40
7.94 2.699 20.500 - 6.2 0.4 1.820 1.40
7.89 2.717 21.000 - 2.1 0.4 1.829 1.41
7.89 2.717 21.000 - 2.0 0.4 1.829 1.41
7.89 2.717 21.000 - 2.0 0.4 1.830 1.41
7.89 2.718 21.000 - 2.0 0.4 1.830 1.41
7.89 2.718 21.000 - 2.0 0.4 1.830 1.41
7.88 2.729 21.600 - 1.4 0.3 1.837 1.42
7.88 2.729 21.600 - 1.4 0.3 1.836 1.42
7.88 2.728 21.600 - 1.4 0.3 1.836 1.42
7.88 2.728 21.600 - 1.4 0.3 1.836 1.42
7.88 2.728 21.600 - 1.4 0.3 1.836 1.42
7.88 2.736 22.150 - 1.1 0.4 1.842 1.42
7.88 2.736 22.150 - 1.1 0.4 1.842 1.42
7.88 2.736 22.150 - 1.1 0.4 1.842 1.42
7.88 2.735 22.100 - 1.1 0.4 1.841 1.42
7.88 2.735 22.050 - 1.1 0.4 1.841 1.42
Table 2A. May 2011 asymptotidata, profile 1

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV NTU % mS/cm ppt
8.83 2.499 18.038 - - -1.09 7.83 1.727 1.29
8.83 2.499 18.033 - - -1.09 7.77 1.727 1.29
8.83 2.500 18.025 - - -1.09 7.72 1.728 1.29
8.83 2.499 18.022 - - -1.09 7.70 1.727 1.29
8.83 2.500 18.035 - - -1.09 7.64 1.727 1.29
8.87 2.512 18.541 - - -0.84 4.87 1.738 1.30
8.88 2.512 18.541 - - -0.84 4.87 1.738 1.30
8.88 2.512 18.541 - - -0.84 4.87 1.738 1.30
8.88 2.512 18.541 - - -0.84 4.88 1.739 1.30
8.88 2.512 18.541 - - -0.84 4.88 1.739 1.30
8.90 2.537 18.945 - - 0.20 2.87 1.757 1.31
8.90 2.538 18.946 - - 0.20 2.87 1.758 1.32
8.90 2.538 18.946 - - 0.20 2.86 1.758 1.32
8.90 2.539 18.963 - - 0.13 2.85 1.758 1.32
8.90 2.539 19.005 - - 0.13 2.85 1.759 1.32
8.68 2.560 19.496 - - 5.75 1.50 1.762 1.33
8.68 2.560 19.496 - - 5.75 1.50 1.762 1.33
8.68 2.560 19.497 - - 5.75 1.50 1.762 1.33
8.68 2.560 19.498 - - 5.81 1.50 1.762 1.33
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8.68 2.560 19.500 - - 5.81 1.50 1.762 1.33
8.46 2.563  20.004 - - 33.09 1.65 1.753 1.33
8.46 2.563  20.004 - - 33.22 1.66 1.753 1.33
8.46 2.563  20.004 - - 33.28 1.68 1.753 1.33
8.46 2.562 20.004 - - 33.46 1.69 1.753 1.33
8.46 2.562 20.004 - - 33.76 1.71 1.753 1.33
8.20 2.577 20.499 - - 10.82 1.15 1.750 1.34
8.20 2576  20.499 - - 10.82 1.15 1.750 1.34
8.21 2.577 20.500 - - 10.82 1.15 1.750 1.34
8.21 2,576  20.502 - - 10.88 1.14 1.750 1.34
8.21 2576  20.503 - - 10.88 1.14 1.750 1.34
8.11 2.588  20.934 - - 8.68 0.96 1.753 1.34
8.11 2.588  20.932 - - 8.74 0.96 1.753 1.34
8.11 2.588  20.930 - - 8.74 0.95 1.753 1.34
8.11 2.588  20.930 - - 8.80 0.94 1.753 1.34
8.11 2.588  20.930 - - 8.80 0.94 1.753 1.34
7.96 2.610 21.503 - - 2.03 0.87 1.761 1.35
7.96 2.611 21.503 - - 2.03 0.86 1.761 1.35
7.96 2.610 21.503 - - 2.03 0.85 1.761 1.35
7.96 2.611 21.503 - - 2.03 0.85 1.761 1.35
7.96 2.611 21.503 - - 2.03 0.86 1.761 1.35
7.95 2.631 22.029 - - 1.23 0.83 1.774 1.36
7.95 2.630 22.028 - - 1.23 0.82 1.774 1.36
7.95 2.631 22.027 - - 1.23 0.82 1.774 1.36
7.95 2.631 22.027 - - 1.23 0.82 1.774 1.36
7.95 2.631 22.026 - - 1.23 0.84 1.774 1.36
Table 2B. May 2011 asymptotic data, profile 2

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV  NTU % mS/cm ppt
8.82 2.574 18.018 - - -1.15 5.03 1.779 1.33
8.82 2.574 18.017 - - -1.09 5.02 1.779 1.33
8.82 2.574 18.017 - - -1.09 5.01 1.779 1.33
8.83 2.574 18.016 - - -1.09 4.99 1.779 1.33
8.83 2.574 18.017 - - -1.09 4.97 1.779 1.33
8.89 2.591 18.474 - - -0.42 3.24 1.794 1.34
8.89 2.591 18.476 - - -0.42 3.23 1.794 1.34
8.89 2.592 18.480 - - -0.42 3.23 1.794 1.34
8.89 2.592 18.490 - - -0.42 3.22 1.794 1.34
8.89 2.593 18.501 - - -0.42 3.22 1.795 1.35
8.90 2.615 19.011 - - 1.42 1.51 1.811 1.36
8.90 2.616 19.010 - - 1.35 1.51 1.811 1.36
8.90 2.616 19.010 - - 1.29 1.50 1.811 1.36
8.90 2.616 19.010 - - 1.23 1.50 1.811 1.36
8.90 2.616 19.011 - - 1.17 1.50 1.811 1.36
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8.72 2.628 19.471 - - 1.66 1.34 1.811 1.36
8.72 2.628 19.474 - - 1.72 1.34 1.811 1.36
8.71 2.629 19.483 - - 1.78 1.33 1.811 1.36
8.71 2.629 19.495 - - 1.90 1.32 1.811 1.36
8.70 2.630 19.503 - - 1.97 1.31 1.811 1.37
8.31 2.636  20.063 - - 18.99 0.83 1.796 1.37
8.31 2.636  20.063 - - 18.87 0.83 1.796 1.37
8.31 2.637 20.063 - - 18.69 0.83 1.796 1.37
8.31 2.637 20.063 - - 18.69 0.82 1.796 1.37
8.30 2.637 20.063 - - 18.81 0.82 1.796 1.37
8.20 2.651 20.486 - - 8.98 0.66 1.800 1.38
8.20 2.650  20.487 - - 9.17 0.66 1.800 1.38
8.21 2.650  20.488 - - 9.47 0.67 1.800 1.38
8.21 2.651 20.490 - - 9.90 0.67 1.800 1.38
8.21 2.650  20.498 - - 10.14 0.69 1.800 1.38
8.15 2.664  21.008 - - 6.73 0.63 1.807 1.38
8.15 2.664  21.009 - - 6.60 0.63 1.806 1.38
8.14 2.664  21.008 - - 6.60 0.62 1.807 1.38
8.14 2.664  21.007 - - 6.79 0.62 1.806 1.38
8.14 2.664  21.007 - - 6.73 0.62 1.806 1.38
8.05 2.679 21.521 - - 3.61 0.56 1.812 1.39
8.05 2.679 21.521 - - 3.61 0.56 1.812 1.39
8.05 2.679 21.521 - - 3.67 0.57 1.812 1.39
8.05 2.679 21.521 - - 3.67 0.56 1.812 1.39
8.05 2.679 21.521 - - 3.74 0.57 1.811 1.39
7.94 2.698  21.952 - - 1.42 0.68 1.819 1.40
7.94 2.698  21.953 - - 1.35 0.69 1.819 1.40
7.94 2.699 21.957 - - 1.35 0.69 1.819 1.40
7.94 2.699 21.962 - - 1.42 0.68 1.820 1.40
7.94 2.699 21.968 - - 1.35 0.69 1.820 1.40
Table 2C. May 2011 asymptotic data, profile 3

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV  NTU % mS/cm ppt
8.82 2.645 18.017 - - -0.96 4.85 1.827 1.37
8.82 2.645 18.016 - - -0.96 4.83 1.827 1.37
8.82 2.645 18.018 - - -0.96 4.81 1.827 1.37
8.82 2.645 18.023 - - -1.03 4.79 1.827 1.37
8.82 2.646 18.039 - - -0.96 4.79 1.828 1.37
8.86 2.653 18.479 - - -1.03 3.78 1.835 1.38
8.86 2.653 18.485 - - -1.03 3.78 1.835 1.38
8.86 2.653 18.492 - - -1.03 3.78 1.835 1.38
8.86 2.653 18.499 - - -1.03 3.78 1.835 1.38
8.86 2.653 18.507 - - -1.03 3.78 1.835 1.38
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8.91 2.673 19.036 - - 0.68 2.68 1.852 1.39
8.91 2.673 19.035 - - 0.68 2.68 1.852 1.39
8.91 2.673 19.036 - - 0.74 2.68 1.852 1.39
8.91 2.674 19.037 - - 0.74 2.68 1.852 1.39
8.91 2.674 19.038 - - 0.74 2.67 1.852 1.39
8.76 2.696 19.508 - - 4.22 1.34 1.859 1.40
8.76 2.696 19.508 - - 4.35 1.34 1.859 1.40
8.76 2.696 19.506 - - 4.41 1.34 1.859 1.40
8.76 2.696 19.503 - - 4.35 1.34 1.860 1.40
8.76 2.696 19.506 - - 4.28 1.34 1.860 1.40
8.45 2.707 20.066 - - 22.84 0.82 1.852 141
8.45 2.708  20.067 - - 22.29 0.82 1.852 141
8.46 2.707 20.067 - - 21.86 0.82 1.852 141
8.47 2706  20.068 - - 21.50 0.82 1.851 141
8.48 2.705  20.069 - - 21.13 0.83 1.851 141
8.38 2705  20.485 - - 22.29 0.69 1.846 1.41
8.38 2.705  20.485 - - 22.29 0.68 1.846 141
8.38 2706  20.485 - - 22.29 0.68 1.846 1.41
8.37 2.705  20.487 - - 22.29 0.67 1.846 141
8.37 2705  20.494 - - 22.41 0.67 1.846 1.41
8.14 2.727 20.992 - - 7.40 0.59 1.849 1.42
8.14 2.727 21.000 - - 7.70 0.59 1.849 1.42
8.14 2.726  21.006 - - 8.07 0.58 1.849 1.42
8.16 2725 21.019 - - 8.25 0.58 1.849 1.42
8.16 2.725  21.030 - - 8.07 0.58 1.849 1.42
8.01 2.749 21.521 - - 3.19 0.55 1.857 1.43
8.01 2.749 21.521 - - 3.13 0.55 1.857 1.43
8.01 2.749 21.521 - - 3.13 0.55 1.857 1.43
8.01 2.749 21.521 - - 3.06 0.54 1.857 1.43
8.01 2.749 21.522 - - 3.06 0.54 1.857 1.43
7.93 2.763  22.035 - - 1.23 0.56 1.862 1.44
7.93 2764  22.032 - - 1.23 0.56 1.863 1.44
7.93 2.764  22.025 - - 1.23 0.56 1.863 1.44
7.93 2764  22.022 - - 1.23 0.56 1.863 1.44
7.93 2.764  22.019 - - 1.23 0.56 1.863 1.44
Table 3A. June 2011 asymptotic data, profile 1.

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV  NTU % mS/cm  ppt
9.18 2.488 17.976 - - -1.33 8.13 1.736 1.29
9.18 2.488 17.994 - - -1.33 8.08 1.736 1.29
9.18 2.489 18.011 - - -1.33 8.04 1.737 1.29
9.18 2.489 18.032 - - -1.33 8.01 1.737 1.29
9.18 2.490 18.055 - - -1.33 7.97 1.737 1.29
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9.23
9.23
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9.23
9.21
9.21
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8.45
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2.548
2.548
2.541
2.541
2.542
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19.031
19.031
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21.013
21.013
21.013
21.494
21.497
21.500
21.506
21.509
22.074
22.076
22.070
22.051
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4.59
4.59
4.58
4.01
4.01
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3.13
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1.80
1.80
1.80
1.44
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1.43
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1.02
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1.02
1.02
1.00
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1.750
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1.751
1.751
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1.764
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1.758
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1.756
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1.756
1.756
1.734
1.734
1.734
1.733
1.733
1.722
1.723
1.723
1.723
1.724
1.722
1.722
1.721
1.721
1.720
1.713
1.713
1.714
1.714
1.714

1.30
1.30
1.30
1.30
1.30
131
131
131
131
131
131
131
131
1.30
1.30
1.32
1.32
131
131
131
131
131
131
131
131
1.32
1.32
1.32
1.32
1.32
1.32
1.32
1.32
1.32
1.32
1.32
1.32
1.32
1.32
1.32
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Table 4A. July 2011 asymptotic data, profile 1.

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm  m mV  NTU % mS/cm  ppt
10.54 2.517 18.014 6.93 212 -0.90 1.32 1.822 1.30
10.54 2.517 18.014 6.93 212  -0.90 1.32 1.822 1.30
10.54 2.517 18.014 6.93 212 -0.90 1.32 1.822 1.30
10.54 2.517 18.014 6.93 212  -0.90 1.32 1.822 1.30
10.54 2.517 18.014 6.93 212 -0.90 1.32 1.822 1.30
1045 2.528 18,511 6.94 211 -0.84 1.38 1.825 131
10.45 2.528 18.511 6.94 211 -0.84 1.38 1.825 131
1045 2.528 18.510 6.94 211 -0.84 1.38 1.825 131
10.45 2.528 18.511 6.94 211  -0.90 1.32 1.825 131
1045 2.528 18,511 6.94 211 -0.90 1.32 1.825 131
10.34 2.547 19.024 6.94 207 -0.72 1.50 1.834 1.32
10.34 2.547 19.025 6.94 207 -0.72 1.50 1.834 1.32
10.35 2.547 19.026 6.94 207 -0.72 1.50 1.834 1.32
10.35 2.547 19.026 6.94 207 -0.72 1.50 1.834 1.32
10.35 2.547 19.027 6.94 207 -0.72 1.50 1.834 1.32
10.12 2.550 19.498 6.95 203 -0.66 1.56 1.825 1.32
10.12  2.550 19.499 6.95 203 -0.66 1.56 1.825 1.32
10.12 2.550 19.500 6.95 203 -0.66 1.56 1.825 1.32
10.12 2.549 19.501 6.95 203 -0.66 1.56 1.825 1.32
10.12  2.549 19.503 6.95 203 -0.66 1.56 1.825 1.32
9.84 2556  20.011 6.96 190 -0.23 1.99 1.816 1.33
9.84 2556  20.012 6.96 190 -0.23 1.99 1.816 1.33
9.84 2556  20.011 6.96 190 -0.23 1.99 1.816 1.33
9.84 2556  20.011 6.96 190 -0.23 1.99 1.816 1.33
9.84 2556  20.011 6.96 190 -0.23 1.99 1.816 1.33
9.26 2.565 20.525 6.97 -444  3.92 6.14 1.794 1.33
9.26 2565 20.525 6.97 -444  3.92 6.14 1.794 1.33
9.26 2565 20.525 6.97 -444  3.92 6.14 1.794 1.33
9.26 2566  20.525 6.97 -444  3.92 6.14 1.794 1.33
9.27 2.565 20.526 6.97 -443  4.04 6.26 1.794 1.33
8.86 2575 21.007 6.98 -408 15.09 17.31 1.781 1.34
8.86 2575 21.008 6.98 -409 15.15 17.37 1.781 1.34
8.85 2575 21.008 6.98 -409 15.15 17.37 1.781 1.34
8.85 2575 21.009 6.98 -409 15.15 17.37 1.780 1.34
8.85 2575 21.011 6.98 -409 15.21 17.43 1.780 1.34
8.22 2.591 21.498 6.99 -419 5,57 7.79 1.761 1.34
8.22 2.591 21.502 6.99 -419 551 7.73 1.761 1.34
8.22 2.591 21.506 6.99 -419 5.44 7.66 1.761 1.34
8.22 2.591 21.507 6.99 -419 5.44 7.66 1.761 1.34
8.22 2.592 21.510 6.99 -419 5.38 7.60 1.761 1.34
8.05 2.597 22.003 7.00 -428 3.25 5.47 1.757 1.35
8.05 2.597 22.002 7.00 -428 3.25 5.47 1.757 1.35
8.05 2.597 22.003 7.00 -428 3.25 5.47 1.757 1.35

45



8.05 2.597 22.005 7.00 -428 3.25 5.47 1.757 1.35
8.06 2.597 22.005 7.00 -428 3.25 5.47 1.757 1.35
Table 4B. July 2011asymptotic data, profile 2.

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm  m mV  NTU % mS/cm  ppt
10.54 2514 18.010 6.96 74 -0.90 0.79 1.820 1.30
10.53 2.515 18.010 6.96 74 -0.90 0.79 1.820 1.30
10.53 2.515 18.010 6.96 74 -0.84 0.85 1.820 1.30
10.54 2.515 18.010 6.96 74 -0.84 0.85 1.820 1.30
10.54 2.515 18.010 6.96 74 -0.84 0.85 1.820 1.30
10.49 2.528 18.514 6.96 68 -0.84 0.85 1.827 131
10.49 2.528 18.514 6.96 68 -0.84 0.85 1.827 131
10.49 2.528 18.514 6.96 68 -0.84 0.85 1.827 131
10.49 2.528 18.514 6.96 68 -0.84 0.85 1.827 131
10.49 2.528 18.515 6.96 68 -0.84 0.85 1.827 131
10.30 2.544 19.057 6.96 -31  -0.72 0.97 1.830 1.32
10.30 2.544 19.054 6.96 -31  -0.72 0.97 1.830 1.32
10.30 2.544 19.049 6.96 -31  -0.72 0.97 1.830 1.32
10.30 2.545 19.057 6.96 -31  -0.72 0.97 1.830 1.32
10.30 2.545 19.065 6.96 -31  -0.66 1.03 1.830 1.32
10.13 2.554 19.509 6.97 -155 -0.35 1.34 1.829 1.33
10.13 2.554 19.509 6.97 -155 -0.35 1.34 1.829 1.33
10.14 2.554 19.510 6.97 -156 -0.35 1.34 1829 1.33
10.14 2.554 19.510 6.97 -156 -0.35 1.34 1.829 1.33
10.14 2.554 19.511 6.97 -156 -0.35 1.34 1829 1.33
9.79 2.563  20.007 6.98 -196 0.38 2.07 1.818 1.33
9.79 2.562 20.007 6.98 -196 0.38 2.07 1.818 1.33
9.79 2.563  20.007 6.98 -197 0.38 2.07 1.818 1.33
9.78 2.563  20.007 6.98 -197 0.38 2.07 1.818 1.33
9.78 2.564  20.007 6.98 -197 0.38 2.07 1.818 1.33
9.39 2.571 20.504 6.99 -272  3.80 5.49 1.805 1.33
9.39 2.571 20.503 6.99 -272  3.80 5.49 1.805 1.33
9.39 2.571 20.504 6.99 -272  3.80 5.49 1.805 1.33
9.39 2.571 20.504 6.99 -272  3.74 5.43 1.805 1.33
9.39 2.571 20.505 6.99 -272  3.80 5.49 1.804 1.33
8.87 2580 21.015 7.00 -326  13.75 15.44 1.785 1.34
8.87 2.579 21.015 7.00 -326 13.62 15.31 1.785 1.34
8.87 2.579 21.014 7.00 -326 13.50 15.19 1.785 1.34
8.87 2.579 21.014 7.00 -326 13.38 15.07 1.784 1.34
8.88 2.579 21.014 7.00 -327 13.38 15.07 1.784 1.34
8.30 2.595 21.512 7.00 -347 6.85 8.54 1.767 1.35
8.30 2595 21512 7.00 -347 6.79 8.48 1.767 1.35
8.30 2.595 21.512 7.00 -347 6.73 8.42 1.767 1.35
8.30 2595 21512 7.00 -347 6.73 8.42 1.767 1.35
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8.30 2595 21.512 7.00 -347 6.67 8.36 1.767 1.35
8.12 2.602 22.008 7.01 -356 4.22 5.91 1.763 1.35
8.12 2.602 22.008 7.01 -356 4.28 5.97 1.763 1.35
8.12 2.601 22.008 7.01 -356 4.22 5.91 1.763 1.35
8.12 2.602 22.007 7.01 -356 4.28 5.97 1.763 1.35
8.12 2.601 22.007 7.01 -356 4.22 5.91 1.763 1.35
Table 4C. July 2011 asymptotic data, profile 3.

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV NTU % mS/cm  ppt
10.54 2.505 18.026 6.96 131 -0.90 0.88 1.813 1.30
10.54 2.505 18.026 6.96 131 -0.90 0.88 1.813 1.30
10.53 2.505 18.026 6.96 131 -0.90 0.88 1.813 1.30
10.54 2.505 18.025 6.96 131 -0.90 0.88 1.813 1.30
10.53 2.505 18.026 6.96 131 -0.90 0.88 1.813 1.30
10.50 2.520 18.524 6.97 114 -0.84 0.94 1.822 1.31
10.50 2.520 18.523 6.97 114 -0.84 0.94 1.822 1.31
10.50 2.520 18.523 6.97 114 -0.84 0.94 1.822 1.31
10.50 2.520 18.523 6.97 114 -0.84 0.94 1.822 1.31
1049 2.521 18.523 6.97 114 -0.84 0.94 1.822 1.31
10.36 2.535 19.021 6.97 10 -0.72 1.06 1.826 1.32
10.36 2.536 19.021 6.97 10 -0.72 1.06 1.827 1.32
10.36 2.536 19.021 6.97 10 -0.72 1.06 1.827 1.32
10.35 2.536 19.022 6.97 10 -0.72 1.06 1.827 1.32
10.35 2.536 19.022 6.97 10 -0.72 1.06 1.827 1.32
10.15 2.554 19.504 6.97 3 -0.48 1.30 1.829 1.33
10.15 2.554 19.504 6.97 2 -0.48 1.30 1.829 1.33
10.15 2.553 19.504 6.97 2 -0.48 1.30 1.829 1.33
10.15 2.553 19.504 6.97 2 -0.48 1.30 1.829 1.33
10.15 2.553 19.504 6.97 2 -0.48 1.30 1.829 1.33
9.86 2.560 20.000 6.98 -92 -0.11 1.67 1.820 1.33
9.86 2.560 20.000 6.98 -92 -0.11 1.67 1.820 1.33
9.86 2.560 20.000 6.98 -92 -0.11 1.67 1.820 1.33
9.86 2.560 20.000 6.98 -92 -0.11 1.67 1.820 1.33
9.87 2.559 20.000 6.98 -92 -0.11 1.67 1.820 1.33
9.44 2.569 20.514 7.00 -166 1.35 3.13 1.805 1.33
9.44 2.569 20.514 7.00 -166 1.48 3.26 1.805 1.33
9.44 2.569 20.514 7.00 -166 1.48 3.26 1.805 1.33
9.43 2.569 20.513 7.00 -166 1.48 3.26 1.805 1.33
9.43 2.569 20.514 7.00 -166 1.54 3.32 1.805 1.33
8.70 2.587 21.003 7.00 -316 18.69 20.47 1.782 1.34
8.70 2.587 21.003 7.00 -316 18.69 20.47 1.781 1.34
8.70 2.587 21.003 7.00 -316 18.69 20.47 1.781 1.34
8.69 2.587 21.003 7.00 -316 18.69 20.47 1.781 1.34
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8.69 2.588 21.003 7.00 -316 18.69 20.47 1.782 1.34
8.31 2.597 21.516 7.00 -338 7.21 8.99 1.769 1.35
8.31 2.597 21.517 7.00 -338 7.28 9.06 1.769 1.35
8.31 2,598 21.516 7.00 -338 7.28 9.06 1.769 1.35
8.31 2.597 21.516 7.00 -338 7.34 9.12 1.769 1.35
8.31 2.597 21.516 7.00 -338 7.34 9.12 1.769 1.35
8.08 2610 22.010 7.01 -348 3.06 4.84 1.767 1.35
8.08 2.610 22.010 7.01 -348 3.06 4.84 1.767 1.35
8.08 2.610 22.009 7.01 -348 3.06 4.84 1.767 1.35
8.08 2.610 22.009 7.01 -348 3.06 4.84 1.767 1.35
8.08 2.610 22.008 7.01 -348 3.06 4.84 1.767 1.35
Table 5A. August 2011 asymptotic data, profile 1.

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV NTU % mS/cm  ppt
10.95 2.664 18.005 6.91 178 -1.03 5.65 1.949 1.39
10.95 2.664 18.006 6.91 178 -1.03 5.64 1.949 1.39
10.95 2.664 18.006 6.91 178 -1.03 5.63 1.949 1.39
10.95 2.664 18.007 6.91 178 -1.03 5.61 1.949 1.39
10.95 2.664 18.008 6.91 178 -1.03 5.60 1.949 1.39
10.79 2.678 18.507 6.91 176 -0.90 3.12 1.952 1.39
10.79 2.679 18.507 6.91 176 -0.96 3.12 1.952 1.39
10.79 2.679 18.507 6.91 176 -0.90 3.10 1.952 1.39
10.79 2.679 18.506 6.91 176 -0.90 3.10 1.952 1.39
10.79 2.679 18.507 6.91 176 -0.90 3.09 1.952 1.39
10.59 2.699 19.035 6.91 175 -0.90 2.71 1.956 1.41
10.59 2.699 19.035 6.91 175 -0.90 2.71 1.956 1.41
10.59 2.699 19.034 6.91 175 -0.90 2.71 1.956 1.41
10.59 2.699 19.035 6.91 175 -0.90 2.71 1.956 1.41
10.59 2.699 19.035 6.91 175 -0.90 2.70 1.956 1.41
10.22 2.713 19.497 6.93 137 -0.11 4.17 1.948 141
10.22 2.714 19.499 6.93 137 -0.05 4.17 1.948 1.41
10.22 2.714 19.501 6.92 137 -0.05 4.17 1.948 141
10.22 2.713 19.503 6.93 137 -0.05 4.17 1.948 1.41
10.22 2.713 19.508 6.93 138 -0.11 4.17 1.948 1.41
9.94 2.722 20.023 6.94 -31 0.62 3.00 1.939 1.42
9.94 2.722 20.024 6.94 -31 0.56 2.99 1.939 1.42
9.94 2.722 20.024 6.94 -31 0.56 2.98 1.939 1.42
9.94 2.721 20.024 6.94 -31 0.56 2.97 1.939 1.42
9.94 2.722 20.025 6.94 -31 0.56 2.97 1.939 1.42
9.51 2.737 20.506 6.95 -143 7.76 1.37 1.928 1.43
9.52 2.738  20.507 6.95 -145 7.70 1.37 1.928 1.43
9.52 2.738  20.507 6.95 -146 7.70 1.37 1.928 1.43
9.52 2.738  20.508 6.95 -148 7.64 1.37 1.928 1.43
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9.52 2.737 20.508 6.95 -149 7.64 1.37 1.928 1.43
8.91 2.768  21.002 6.95 -293 14.17 0.60 1.917 1.44
8.90 2.768  21.003 6.95 -293 14.05 0.59 1.917 1.44
8.89 2.769 21.004 6.95 -292 13.99 0.59 1.917 1.44
8.89 2.769 21.004 6.95 -292 13.99 0.58 1.917 1.44
8.88 2.770  21.005 6.95 -291 13.81 0.58 1.917 1.44
8.60 2.786 21501 6.95 -308 5.26 0.27 1.913 1.45
8.60 2.786 21501 6.95 -308 5.26 0.27 1.914 1.45
8.60 2.786  21.502 6.95 -308 5.26 0.27 1.914 1.45
8.60 2.786 21502 6.95 -308 5.26 0.27 1.914 1.45
8.60 2.787 21.502 6.95 -308 5.20 0.27 1.914 1.45
8.26 2.804  22.022 6.97 -316 1.42 0.01 1.908 1.46
8.27 2.804  22.022 6.97 -316 1.42 0.01 1.908 1.46
8.27 2.804  22.023 6.97 -316 1.42 0.00 1.908 1.46
8.27 2.804  22.023 6.97 -316 1.48 0.00 1.908 1.46
8.27 2.804  22.023 6.97 -316 1.48 0.00 1.908 1.46
Table 5B. August 2011 asymptotic data, profile 2.

Temp SpCond Depth pH ORP  Turbidity DO Cond Sal
°C mS/cm m mV NTU % mS/cm  ppt
10.96 2.726 18.010 6.93 53 -0.96 0.57 1.995 1.42
10.96 2.726 18.010 6.93 53 -0.96 0.57 1.995 1.42
10.96 2.726 18.010 6.93 54 -0.96 0.57 1.995 1.42
10.96 2.726 18.010 6.93 54 -0.96 0.57 1.995 1.42
10.96 2.726 18.010 6.93 55 -0.96 0.57 1.995 1.42
10.79 2.743 18.499 6.93 67 -1.03 0.50 1.998 1.43
10.79 2.743 18.498 6.93 67 -1.03 0.50 1.998 1.43
10.79 2.743 18.498 6.93 67 -0.96 0.57  1.998 1.43
10.79 2.743 18.498 6.93 67 -0.96 0.57 1.998 1.43
10.79 2.743 18.498 6.93 67 -0.96 0.57  1.998 1.43
10.53 2.765 19.018 6.93 41 -0.90 0.63  2.001 1.44
1053 2.765 19.018 6.93 41 -0.90 0.63  2.000 1.44
10.53 2.765 19.018 6.93 41 -0.90 0.63  2.001 1.44
1052 2.765 19.018 6.93 41 -0.84 0.69 2.001 1.44
10.52 2.765 19.018 6.93 41 -0.84 0.69 2.001 1.44
10.24 2.773 19.505 6.94 46 -0.60 0.93 1991 1.45
10.24 2.773 19.505 6.94 46 -0.60 0.93 1991 1.45
10.24 2.773 19.505 6.94 46 -0.60 0.93 1991 1.45
10.24 2.773 19.505 6.94 46 -0.60 0.93 1991 1.45
10.24 2.773 19.506 6.94 46 -0.60 0.93 1991 1.45
9.87 2.784  20.013 6.95 45 0.68 221  1.979 1.45
9.88 2.783  20.013 6.95 45 0.74 227  1.979 1.45
9.88 2.783 20.013 6.95 45 0.74 2.27 1.979 1.45
9.88 2.783  20.013 6.95 45 0.68 221 1979 1.45
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9.88 2.783 20.015 6.95 45 0.68 2.21 1.979 1.45
9.47 2.792 20.508 6.96 -177 8.50 10.03 1.964 1.46
9.47 2.792 20.508 6.96 -177 8.50 10.03 1.963 1.46
9.46 2.792 20.509 6.96 -177 8.50 10.03 1.963 1.46
9.46 2.792 20.509 6.96 -177 8.50 10.03 1.963 1.46
9.45 2.793 20.510 6.96 -177 8.56 10.09 1.963 1.46
8.99 2.808 21.002 6.96 -281 18.20 19.73 1.949 1.46
8.99 2.808 21.002 6.96 -281 18.38 19.91 1.949 1.46
8.99 2.808 21.002 6.96 -281 18.44 19.97 1.949 1.46
8.99 2.807 21.002 6.96 -281 18.57 20.10 1.949 1.46
8.99 2.808 21.002 6.96 -281 18.69 20.22 1.949 1.46
8.55 2.826 21.511 6.96 -300 4.10 5.63 1.938 1.47
8.55 2.826 21.511 6.96 -300 4.10 5.63 1.938 1.47
8.55 2.826 21.511 6.96 -300 4.10 5.63 1.938 1.47
8.55 2.826 21.511 6.96 -300 4.10 5.63 1.938 1.47
8.55 2.825 21.511 6.96 -300 4.10 5.63 1.938 1.47
8.27 2.838 22.011 6.97 -310 1.29 2.82 1.931 1.48
8.27 2.838 22.011 6.97 -310 1.23 2.76 1.931 1.48
8.26 2.838 22.012 6.97 -310 1.23 2.76 1.931 1.48
8.26 2.838 22.012 6.97 -310 1.23 2.76 1.931 1.48
8.26 2.838 22.012 6.97 -310 -1.23 0.30 1.931 1.48
Table 5C. August 2011 asymptotic data, profile 3.

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV NTU % mS/cm ppt
1096 2.741 18.043 6.93 117 -1.03 0.35 2.006 1.43
10.96 2.741 18.043 6.93 117 -1.03 0.35 2.006 1.43
1096 2.742 18.043 6.93 117 -1.03 0.35 2.006 1.43
10.96 2.742 18.043 6.93 117 -1.03 0.35 2.006 1.43
1096 2.741 18.043 6.93 117 -1.03 0.35 2.006 1.43
10.77 2.763 18.506 6.93 33 -0.96 0.42 2.012 1.44
10.77 2.763 18.506 6.93 34 -0.96 0.42 2.012 1.44
10.77 2.763 18.505 6.93 34 -0.96 0.42 2.012 1.44
10.78 2.763 18.505 6.93 34 -0.96 0.42 2.012 1.44
10.78 2.762 18.506 6.93 35 -0.96 0.42 2.012 1.44
10.58 2.777 19.006 6.93 36 -0.90 0.48 2.012 1.45
10.58 2.777 19.006 6.93 36 -0.90 0.48 2.012 1.45
10.58 2.777 19.006 6.93 36 -0.90 0.48 2.012 1.45
10.58 2.777 19.006 6.93 36 -0.90 0.48 2.012 1.45
10.58 2.777 19.006 6.93 36 -0.90 0.48 2.012 1.45
10.33 2.785 19.511 6.93 28 -0.66 0.72 2.004 1.45
10.32 2.785 19.511 6.93 28 -0.66 0.72 2.004 1.45
10.32 2.785 19.511 6.93 28 -0.66 0.72 2.004 1.45
10.32 2.786 19.511 6.93 28 -0.66 0.72 2.004 1.45
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10.31 2.786 19.512 6.93 28 -0.66 0.72 2.004 1.45
9.98 2.795 20.007 6.94 18 -0.05 1.33 1.993 1.46
9.99 2.795 20.007 6.94 18 -0.05 1.33 1.993 1.46
9.99 2.794 20.007 6.94 18 -0.05 1.33 1.993 1.46
9.99 2.794 20.007 6.94 18 -0.05 1.33 1.993 1.46
9.99 2.794 20.007 6.94 18 -0.05 1.33 1.993 1.46
9.46 2.804 20.502 6.96 -163 8.25 9.63 1.972 1.46
9.46 2.805 20.501 6.96 -163 8.25 9.63 1.972 1.46
9.45 2.806 20.502 6.96 -163 8.25 9.63 1.972 1.46
9.44 2.806 20.502 6.96 -164 8.25 9.63 1.972 1.46
9.44 2.806 20.502 6.96 -164 8.31 9.69 1.972 1.46
8.92 2.822 21.009 6.97 -282 16.31 17.69 1.955 1.47
8.92 2.822 21.009 6.97 -282 16.31 17.69 1.955 1.47
8.92 2.821 21.009 6.97 -282 16.37 17.75 1.955 1.47
8.92 2.822 21.009 6.97 -282 16.31 17.69 1.955 1.47
8.92 2.822 21.009 6.97 -282 16.37 17.75 1.955 1.47
8.55 2.835 21.501 6.96 -301 4.16 5.54 1.945 1.48
8.55 2.836 21.501 6.96 -301 4.10 5.48 1.945 1.48
8.55 2.836 21.501 6.96 -301 4.04 5.42 1.945 1.48
8.55 2.836 21.501 6.96 -302 3.98 5.36 1.945 1.48
8.55 2.836 21.501 6.96 -302 4.04 5.42 1.945 1.48
8.28 2.847 22.008 6.97 -301 1.48 2.86 1.938 1.48
8.28 2.847 22.008 6.97 -301 1.54 2.92 1.938 1.48
8.28 2.847 22.008 6.97 -302 1.54 2.92 1.938 1.48
8.29 2.847 22.009 6.97 -302 1.54 2.92 1.938 1.48
8.29 2.847 22.009 6.97 -302 1.54 0.00 1.938 1.48
Table 6A. September 2011asymptotic data, profile 1.

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV NTU % mS/cm  ppt
11.22 2.891 18.020 6.95 55 -1.39 1.18 2.130 1.51
11.22 2.891 18.020 6.95 55 -1.39 1.18 2.130 1.51
11.22 2.891 18.020 6.95 55 -1.39 1.18 2.130 1.51
11.22 2.891 18.019 6.95 55 -1.39 1.18 2.130 1.51
11.22 2.892 18.019 6.95 55 -1.39 1.18 2.130 1.51
11.04 2.908 18.509 6.95 33 -1.39 1.18 2.132 1.52
11.04 2.908 18.509 6.95 33 -1.39 1.18 2.133 1.52
11.04 2.907 18.509 6.95 33 -1.39 1.18 2.132 1.52
11.04 2.907 18.509 6.95 33 -1.39 1.18 2.132 1.52
11.04 2.908 18.509 6.95 33 -1.39 1.18 2.133 1.52
10.74 2.927 19.002 6.95 29 -1.39 1.18 2.129 1.53
10.73 2.927 19.002 6.95 29 -1.33 1.24 2.129 1.53
10.73 2.928 19.002 6.95 29 -1.33 1.24 2.130 1.53
10.73 2.928 19.002 6.95 29 -1.33 1.24 2.130 1.53
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10.72  2.928 19.003 6.95 29 -1.27 1.30 2.130 1.53
10.31 2.938 19.510 6.95 29 -0.84 1.73 2.114 1.54
10.31 2.938 19.509 6.95 29 -0.84 1.73 2.114 1.54
10.32 2.938 19.508 6.95 29 -0.84 1.73 2.114 1.54
10.32  2.939 19.508 6.95 29 -0.84 1.73 2.115 1.54
10.32 2.938 19.508 6.95 29 -0.84 1.73 2.115 1.54
9.96 2.949 20.015 6.96 16 0.26 2.83 2.102 1.54
9.96 2.949 20.016 6.96 16 0.26 2.83 2.102 1.54
9.96 2.949 20.015 6.96 16 0.26 2.83 2.102 1.54
9.96 2948  20.015 6.96 16 0.26 2.83 2.102 1.54
9.96 2.948  20.016 6.96 16 0.26 2.83 2.102 1.54
9.58 2.959 20.504 6.99 -214 5.02 7.59 2.088 1.55
9.57 2.960 20.503 6.99 -214 5.14 7.71 2.088 1.55
9.57 2960 20.505 6.99 -214 5.14 7.71 2.088 1.55
9.56 2.960 20.505 6.99 -215 5.20 7.77 2.087 1.55
9.56 2960 20.506 6.99 -215 5.14 7.71 2.087 1.55
9.19 2976  21.011 6.98 -281 10.27 12.84 2.077 1.56
9.19 2976  21.011 6.98 -281 10.08 12.65 2.077 1.56
9.18 2976 21.011 6.98 -281 9.96 1253 2.077 1.56
9.18 2976  21.011 6.98 -281 9.90 12.47 2.077 1.56
9.18 2.977 21.014 6.98 -282 90.84 12.41 2.077 1.56
8.87 2.988 21.498 6.97 -309 4.59 7.16 2.067 1.56
8.87 2.988 21497 6.97 -309 4.53 7.10 2.067 1.56
8.87 2988 21.496 6.97 -309 4.47 7.04 2.067 1.56
8.87 2.988 21498 6.97 -309 441 6.98 2.067 1.56
8.87 2988 21.504 6.97 -309 4.41 6.98 2.067 1.56
8.54 3.003 21.993 6.98 -320 0.50 3.07 2.058 1.57
8.53 3.003 21.993 6.98 -320 0.50 3.07 2.058 1.57
8.53 3.003 21992 6.98 -320 0.62 3.19 2.058 1.57
8.53 3.003 21.992 6.98 -320 0.62 3.19 2.058 1.57
8.53 3.002 21.992 6.98 -320 0.62 3.19 2.058 1.57
Table 6B. September 2011 asymptotic data, profile 2.

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV NTU % mS/cm  ppt
11.14 2.905 17.985 6.95 114 -1.39 1.11 2.136 1.52
11.14 2.905 17.986 6.95 114 -1.39 1.11 2.136 1.52
11.14 2.905 17.987 6.95 115 -1.39 1.11 2.136 1.52
11.14  2.905 17.998 6.95 115 -1.39 1.11 2.136 1.52
11.14 2.905 18.011 6.95 115 -1.39 1.11 2.136 1.52
10.99 2.919 18.524 6.95 94 -1.39 1.11 2.138 1.53
10.99 2.919 18.523 6.95 94 -1.39 1.11 2.138 1.53
10.99 2.919 18.523 6.95 94 -1.39 1.11 2.138 1.53
11.00 2.918 18.524 6.95 94 -1.39 1.11 2.138 1.53
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11.00 2.919 18.541 6.95 94 -1.39 1.11 2.138 1.53
10.71 2.934 19.012 6.95 59 -1.45 1.05 2.133 1.53
10.71 2.934 19.012 6.95 59 -1.45 1.05 2.133 1.53
10.71 2.934 19.012 6.95 59 -1.45 1.05 2.133 1.53
10.71 2.934 19.012 6.95 59 -1.45 1.05 2.133 1.53
10.71  2.933 19.012 6.95 59 -1.45 1.05 2.133 1.53
10.43 2.943 19.507 6.95 33 -1.15 1.35 2.124 1.54
10.43 2.943 19.507 6.95 32 -1.09 1.41 2.124 1.54
10.43 2.943 19.507 6.95 32 -1.09 1.41 2.124 1.54
10.43 2.943 19.507 6.95 32 -1.09 1.41 2.124 1.54
10.44 2.942 19.507 6.95 31 -1.09 1.41 2.124 1.54
10.05 2.954 20.055 6.95 33 0.01 2.51 2.110 1.55
10.05 2.954 20.055 6.95 33 0.01 251 2.110 1.55
10.05 2.954 20.055 6.95 33 0.01 2.51 2.110 1.55
10.05 2.954 20.055 6.95 33 0.07 2.57 2.110 1.55
10.05 2.954 20.055 6.95 33 0.01 2.51 2.110 1.55
9.67 2.963 20.516 6.98 -178 5.44 7.94 2.095 1.55
9.67 2.962 20.516 6.98 -178 5.51 8.01 2.095 1.55
9.67 2.962 20.516 6.98 -178 5.57 8.07 2.095 1.55
9.67 2.962 20.515 6.98 -178 5.51 8.01 2.095 1.55
9.67 2.962 20.516 6.98 -178 5.51 8.01 2.095 1.55
9.10 2.985 21.029 6.96 -292 9.59 12.09 2.079 1.56
9.10 2.985 21.029 6.96 -292 9.53 12.03 2.079 1.56
9.10 2.985 21.030 6.96 -292 9.47 11.97 2.079 1.56
9.10 2.985 21.031 6.96 -292 9.41 11.91 2.079 1.56
9.10 2.985 21.033 6.96 -292 9.41 11.91 2.079 1.56
8.71 3.000 21.494 6.97 -310 2.03 4,53 2.066 1.57
8.71 2.999 21.494 6.97 -310 2.03 4,53 2.066 1.57
8.71 2.999 21.495 6.97 -310 2.03 4,53 2.066 1.57
8.71 2.999 21.496 6.97 -310 2.09 4.59 2.066 1.57
8.71 2.999 21.504 6.97 -310 2.09 4,59 2.066 1.57
8.41 3.013 22.018 6.98 -324 0.20 2.70 2.058 1.57
8.42 3.012 22.018 6.98 -324 0.20 2.70 2.058 1.57
8.42 3.012 22.018 6.98 -324 0.20 2.70 2.058 1.57
8.42 3.012 22.017 6.98 -324 0.20 2.70 2.058 1.57
8.42 3.012 22.017 6.98 -324 0.20 2.70 2.058 1.57
Table 6C. September 2011 asymptotic data, profile 3.
Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV NTU % mS/cm ppt
11.12 2.903 18.007 6.96 132 -1.27 1.20 2.141 1.53
11.12 2.915 18.045 6.95 138 -1.39 1.08 2.143 1.53
11.12 2.916 18.045 6.95 137 -1.39 1.08 2.143 1.53
11.12 2.915 18.045 6.95 137 -1.39 1.08 2.142 1.53
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Table 7A. October 2011 asymptotic data, profile 1.

Temp SpCond Depth pH ORP Turbidity DO Cond Sal

°C mS/cm  m mV NTU % mS/cm  ppt

11.23 3.343 17.999 6.90 185 -1.64 0.71 2.464 1.76
11.23  3.343 18.000 6.90 185 -1.64 0.71 2.464 1.76
11.23 3.343 18.000 6.91 185 -1.64 0.71 2.464 1.76
11.23 3.344 18.001 6.91 185 -1.64 0.71 2.464 1.76
11.23  3.343 18.003 6.91 185 -1.64 0.71 2.464 1.76
10.97 3.397 18.518 6.90 183 -1.76 0.59 2.487 1.79
10.97 3.398 18.519 6.90 183 -1.76 0.59 2.487 1.79
10.97 3.398 18.519 6.90 183 -1.76 0.59 2.487 1.79
10.97 3.398 18.519 6.90 183 -1.76 0.59 2.488 1.79
10.97 3.398 18.519 6.90 183 -1.76 0.59 2.488 1.79
10.69 3.439 19.005 6.90 165 -1.76 0.59 2.499 1.81
10.68 3.439 19.006 6.90 165 -1.76 0.59 2.499 1.82
10.68 3.439 19.006 6.90 165 -1.76 0.59 2.498 1.81
10.68 3.438 19.006 6.90 165 -1.76 0.59 2.498 1.81
10.69 3.439 19.006 6.90 165 -1.76 0.59 2.499 1.81
10.41 3.468 19.521 6.91 168 -1.27 1.08 2.502 1.83
10.41 3.468 19.522 6.91 168 -1.27 1.08 2.502 1.83
10.41 3.469 19.522 6.91 168 -1.27 1.08 2.502 1.83
10.41 3.468 19.522 6.91 168 -1.27 1.08 2.502 1.83
10.41 3.469 19.523 6.91 168 -1.27 1.08 2.502 1.83
10.05 3.488 20.011 6.91 -183 1.48 3.83 2.492 1.84
10.05 3.488 20.010 6.91 -182 1.42 3.77 2.492 1.84
10.05 3.489 20.009 6.91 -182 1.35 3.70 2.493 1.84
10.05 3.489 20.008 6.91 -182 1.35 3.70 2.493 1.84
10.05 3.489 20.010 6.91 -182 1.35 3.70 2.493 1.84
9.63 3.539 20.517 6.94 -258 8.07 10.42 2.500 1.87
9.63 3.539 20.518 6.94 -258 8.07 10.42 2.500 1.87
9.63 3.540 20.518 6.94 -259 8.13 10.48 2.501 1.87
9.63 3.540 20.518 6.94 -259 8.19 10.54 2.501 1.87
9.63 3.541 20.519 6.94 -259 8.37 10.72 2.501 1.87
9.29 3.603 21.004 6.93 -301 12.22 1457 2.521 1.90
9.29 3.602 21.004 6.93 -301 12.22 1457 2.521 1.90
9.29 3.602 21.004 6.93 -301 12.28 14.63 2.521 1.90
9.29 3.602 21.004 6.93 -301 12.46 1481 2.521 1.90
9.29 3.603 21.004 6.93 -301 12.59 1494 2522 1.90
8.88 3.687 21.505 6.93 -317 3.43 5.78 2.552 1.95
8.88 3.688 21505 6.93 -317 3.37 5.72 2.552 1.95
8.87 3.688 21506 6.92 -317 3.31 5.66 2.552 1.95
8.87 3.688 21507 6.92 -317 3.31 5.66 2.552 1.95
8.87 3.688 21508 6.92 -317 3.25 5.60 2.552 1.95
8.60 3.761 22.016 6.93 -326 0.62 2.97 2.583 1.99
8.61 3.762 22.016 6.93 -326 0.62 2.97 2.584 1.99
8.61 3.762 22.015 6.93 -326 0.74 3.09 2.584 1.99
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8.61 3.762 22.015 6.93 -326 0.74 3.09 2.585 1.99
8.61 3.762 22.014 6.93 -326 0.74 3.09 2.585 1.99
Table 7B. October 2011 asymptotic data, profile 2.

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV NTU % mS/cm  ppt
11.22 3.785 17.995 6.82 85 -1.76 0.72 2.788 2.01
11.21 3.784  17.997 6.82 85 -1.76 0.72 2788 2.01
11.21 3.785 17.998 6.82 85 -1.76 0.72 2.788 2.01
11.21 3.785 17.999 6.82 84 -1.76 0.72 2788 2.01
11.21 3.785 18.004 6.82 84 -1.76 0.72 2.788 2.01
11.00 3.809 18.503 6.85 43 -1.76 0.72 2791 2.02
11.00 3.809 18.504 6.85 43 -1.76 0.72 2.790 2.02
11.00 3.808 18.505 6.85 43 -1.76 0.72 2790 2.02
11.00 3.808 18.508 6.85 43 -1.76 0.72 2.790 2.02
11.00 3.808 18.509 6.85 42 -1.76 0.72 2790 2.02
10.66 3.835 19.012 6.86 -25 -1.70 0.78 2784  2.04
10.66 3.834 19.013 6.86 -25 -1.70 0.78 2.784  2.04
10.66 3.834 19.014 6.86 -25 -1.70 0.78 2784  2.04
10.66 3.834 19.016 6.86 -25 -1.70 0.78 2.784  2.04
10.66 3.835 19.019 6.86 -25 -1.70 0.78 2784  2.04
10.39 3.847 19.511 6.87 -78 -0.96 1.52 2.773  2.04
10.39 3.847 19.511 6.87 -78 -0.96 1.52 2773 2.04
10.39 3.846 19.511 6.87 -78 -0.96 1.52 2.773  2.04
10.39 3.846 19.511 6.87 -78 -0.96 1.52 2773 2.04
10.40 3.845 19.512 6.87 -78 -0.90 1.58 2773  2.04
9.94 3.867  20.029 6.89 -117 1.90 4.38 2755 2.05
9.94 3.867  20.029 6.89 -117 1.97 4.45 2.755  2.05
9.94 3.867  20.029 6.89 -117 1.97 4.45 2755 2.05
9.94 3.867  20.029 6.89 -118 1.97 4.45 2.755  2.05
9.94 3.868  20.029 6.89 -118 1.97 4.45 2755 2.05
9.55 3.883 20.501 6.93 -209 8.68 11.16 2.737  2.06
9.55 3.883 20.501 6.93 -209 8.56 11.04 2737  2.06
9.55 3.883 20.501 6.93 -209 8.37 10.85 2.737  2.06
9.55 3.882  20.501 6.93 -210 8.44 10.92 2.736  2.06
9.55 3.882  20.501 6.93 -210 8.44 1092 2.737  2.06
9.18 3.908 20.993 6.90 -287 9.35 11.83 2.727  2.08
9.18 3.909 20.994 6.90 -287 9.35 11.83 2.727  2.08
9.17 3.909 20.995 6.90 -287 9.17 11.65 2.727  2.08
9.17 3.909 20.994 6.90 -287 9.17 11.65 2.727  2.08
9.17 3.909 21.001 6.90 -287 9.17 11.65 2.727  2.08
8.74 3.943 21518 6.91 -303 1.72 4.20 2.718  2.09
8.74 3.944 21517 6.91 -303 1.60 4.08 2719 2.09
8.73 3.944 21516 6.91 -303 1.54 4.02 2.719  2.09
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8.73 3.944 21516 6.91 -303 1.54 4.02 2718 2.09
8.73 3.945 21518 6.91 -303 1.54 4.02 2.719  2.09
8.55 3.961 21.990 6.91 -315 0.38 2.86 2717 210
8.55 3.961 21.991 6.91 -315 0.32 2.80 2.717  2.10
8.55 3.962 21.992 6.91 -315 0.32 2.80 2717 210
8.55 3.961 21.992 6.91 -315 0.32 2.80 2.717  2.10
8.55 3.961 21.992 6.91 -315 0.32 2.80 2717 2.0
Table 7C. October 2011 asymptotic data, profile 3.

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV NTU % mS/cm  ppt
11.21 3.871 18.004 6.87 118 -1.76 0.66 2.852  2.06
11.21 3.870 18.005 6.87 118 -1.76 0.66 2.851  2.06
11.21 3.870 18.006 6.87 118 -1.76 0.66 2.851  2.06
11.21 3.871 18.007 6.87 118 -1.76 0.66 2.851  2.06
11.21 3.871 18.008 6.87 118 -1.76 0.66 2.852  2.06
10.96 3.896 18.509 6.88 100 -1.82 0.60 2851 2.07
10.96 3.896 18.510 6.88 100 -1.82 0.60 2.851  2.07
10.96 3.896 18.510 6.88 100 -1.82 0.60 2851 2.07
10.96 3.896 18511 6.88 100 -1.82 0.60 2.851  2.07
10.96 3.896 18511 6.88 100 -1.82 0.60 2851 2.07
10.72 3.913 19.016 6.89 57 -1.70 0.72 2.845  2.08
10.72 3.913 19.017 6.89 56 -1.70 0.72 2.845 2.08
10.72 3.912 19.018 6.89 56 -1.70 0.72 2.845  2.08
10.72 3.912 19.018 6.89 56 -1.70 0.72 2.845 2.08
10.72 3.912 19.019 6.89 56 -1.70 0.72 2.845  2.08
10.38 3.929 19.511 6.90 -5 -1.15 1.27 2832 2.09
10.38 3.929 19.511 6.90 -5 -1.15 1.27 2.832  2.09
10.38 3.928 19.511 6.90 -6 -1.15 1.27 2832 2.09
10.38 3.928 19.511 6.90 -6 -1.15 1.27 2.831  2.09
10.39 3.928 19.512 6.90 -7 -1.09 1.33 2832 2.09
10.03 3.940 19.999 6.90 -8 -0.17 2.25 2.813  2.09
10.03 3.940 19.999 6.90 -8 -0.23 2.19 2813 2.09
10.03 3.940 20.000 6.90 -8 -0.23 2.19 2.813  2.09
10.03 3.940 20.001 6.90 -8 -0.23 2.19 2813 2.09
10.02 3.940 20.008 6.90 -8 -0.17 2.25 2.813  2.09
9.60 3.960 20.507 6.94 -120 8.62 11.04 2795 211
9.60 3.960 20.507 6.94 -120 8.56 1098 2.795 211
9.60 3.961 20.508 6.94 -120 8.37 10.79 2795 211
9.60 3.961 20.508 6.94 -121 8.31 10.73 2.795 211
9.60 3.960 20.509 6.94 -121 8.25 10.67 2.795 211
9.22 3.982  21.023 6.92 -268 11.06 1348 2.782 212
9.22 3.982 21.023 6.92 -268 10.94 13.36 2.782 2.12
9.22 3.982 21.024 6.92 -269 10.82 13.24 2781 212




9.22 3.981 21.024 6.92 -269 10.69 1311 2.781 212
9.22 3.981 21.024 6.92 -269 10.75 13.17 2.781 212
8.87 4.004 21.514 6.92 -296 3.19 5.61 2770 213
8.87 4.005 21.514 6.92 -296 3.25 5.67 2771 213
8.86 4.005 21.514 6.92 -296 3.25 5.67 2771 213
8.86 4.006 21.513 6.92 -296 3.19 5.61 2771 213
8.85 4.007 21.513 6.92 -296 3.13 5.55 2771 213
8.62 4.022  22.008 6.92 -309 0.87 3.29 2.764 214
8.62 4.021  22.008 6.92 -309 0.87 3.29 2763 214
8.62 4.022  22.008 6.92 -309 0.87 3.29 2.763 214
8.62 4.022  22.008 6.92 -309 0.87 3.29 2764 214
8.62 4.022 22.008 6.92 -309 0.87 3.29 2.764 214
Table 8A. November 2011 asymptotic data, profile 1.

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV NTU % mS/cm  ppt
11.26 3.523 18.015 6.95 72 -1.15 1.22 2598 1.86
11.26 3.523 18.015 6.95 72 -1.15 1.22 2599 1.86
11.26 3.523 18.015 6.95 72 -1.15 1.22 2599 1.86
11.26 3.523 18.016 6.95 72 -1.15 1.22 2599 1.86
11.26 3.523 18.019 6.95 72 -1.15 1.22 2599 1.86
10.91 3.548 18.511 6.95 48 -1.03 1.34 2593 1.88
10.91 3.548 18.511 6.95 48 -1.09 1.28 2.593 1.88
10.92 3.547 18.511 6.95 48 -1.09 1.28  2.593 1.88
10.93 3.547 18.510 6.95 47 -1.09 1.28 2594 1.88
10.94 3.546 18.513 6.95 a7 -1.09 1.28 2.594 1.88
10.64 3.561 19.008 6.95 -5 -0.96 141 2584 1.88
10.64 3.561 19.008 6.95 -5 -0.96 1.41  2.584 1.88
10.64 3.561 19.008 6.95 -5 -0.96 141 2584 1.88
10.64 3.561 19.009 6.95 -5 -0.96 1.41  2.584 1.88
10.64 3.561 19.011 6.95 -6 -0.96 141 2584 1.88
10.37 3.570 19.514 6.96 -85 0.26 263 2573 1.89
10.37 3.571 19.514 6.96 -85 0.26 2.63 2573 1.89
10.37 3.571 19.514 6.96 -85 0.26 2.63 2573 1.89
10.37 3.571 19.514 6.96 -85 0.26 263 2573 1.89
10.37 3.570 19.514 6.96 -85 0.26 2.63 2573 1.89
10.04 3.582 19.999 6.96 -174 1.97 4.34  2.558 1.89
10.04 3.581 19.999 6.96 -174 1.97 4.34  2.558 1.89
10.04 3.581 20.001 6.96 -174 1.97 4.34  2.558 1.89
10.04 3.582 20.001 6.96 -174 1.97 4.34  2.558 1.89
10.04 3.582 20.010 6.96 -174 1.97 4.34  2.558 1.89
9.78 3.589 20.510 6.98 -255 8.68 11.05 2.546 1.90
9.78 3.589 20.510 6.98 -255 8.56 10.93 2.546 1.90
9.78 3.589 20.510 6.98 -255 8.50 10.87 2.546 1.90



9.78 3.589 20.510 6.98 -255 8.37 10.74 2.546 1.90
9.78 3.590 20.510 6.97 -255 8.19 10.56 2.546 1.90
9.20 3.620 21.003 6.97 -298 6.67 9.04 2528 1.91
9.20 3.620 21.002 6.97 -298 6.73 9.10 2.528 1.91
9.20 3.620 21.000 6.97 -298 6.67 9.04 2528 1.91
9.20 3.621 21.000 6.97 -298 6.60 8.97 2.528 1.91
9.20 3.621 21.001 6.97 -298 6.60 8.97 2528 1.91
8.99 3.634 21490 6.97 -312 3.55 5,92 2.523 1.92
8.99 3.634 21492 6.97 -312 3.61 598 2.523 1.92
8.99 3.634 21496 6.97 -312 3.55 5,92 2522 1.92
8.99 3.634 21501 6.97 -312 3.55 5,92 2.522 1.92
8.98 3.634 21507 6.97 -312 3.55 5,92 2522 1.92
8.68 3.6564 22.013 6.98 -321 1.05 3.42 2515 1.93
8.67 3.655 22.014 6.98 -321 1.05 3.42 2515 1.93
8.67 3.655 22.014 6.98 -321 0.99 3.36 2.515 1.93
8.67 3.655 22.015 6.98 -321 0.99 3.36 2.515 1.93
8.66 3.656 22.016 6.98 -321 0.99 3.36 2.515 1.93
Table 8B.November 2011 asymptotic data, profile 2.

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV NTU % mS/cm  ppt
11.22 3.541 18.066 6.95 54 -1.15 1.22 2609 1.87
11.22 3.541 18.064 6.95 54 -1.15 1.22 2.609 1.87
11.22 3.541 18.065 6.95 54 -1.15 1.22 2609 1.87
11.22 3.542 18.071 6.95 54 -1.15 1.22 2.609 1.87
11.22 3.542 18.081 6.95 54 -1.15 1.22 2609 1.87
10.91 3.565 18.492 6.95 6 -1.03 1.34 2605 1.89
10.91 3.565 18.498 6.95 6 -1.03 1.34 2605 1.89
10.92 3.564 18.508 6.95 5 -1.03 1.34 2605 1.89
10.92 3.564 18.520 6.95 5 -1.03 1.34 2605 1.89
10.92 3.563 18.532 6.95 5 -1.03 1.34 2605 1.88
10.68 3.572 18.997 6.96 -99 -0.72 1.65 2595 1.89
10.68 3.572 18.997 6.96 -100 -0.72 1.65 2595 1.89
10.67 3.572 18.997 6.96 -100 -0.72 1.65 2595 1.89
10.67 3.572 18.997 6.96 -100 -0.72 1.65 2594 1.89
10.66 3.572 19.003 6.96 -100 -0.66 1.71 2594  1.89
10.25 3.591 19.534 6.96 -125 0.44 281 2580 1.90
10.25 3.591 19.535 6.96 -125 0.38 275 2579 1.90
10.25 3.590 19.535 6.96 -125 0.38 275 2579 1.90
10.25 3.590 19.536 6.96 -125 0.38 275 2579 1.90
10.26 3.590 19.538 6.96 -125 0.38 275 2579 1.90
10.07 3.596 19.982 6.97 -161 1.84 421 2571 190
10.08 3.596 19.994 6.97 -161 1.84 421 2571 190
10.08 3.596 20.006 6.97 -161 1.78 415 2571 190
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10.08 3.595 20.034 6.97 -161 1.78 4.15 2571 1.90
10.08 3.594  20.060 6.97 -161 1.84 421 2570 1.90
9.78 3.605 20.494 6.99 -173 6.12 849 2557 191
9.79 3.605 20.498 6.99 -173 6.30 8.67 2557 191
9.79 3.605 20.502 6.99 -173 6.36 873 2557 191
9.79 3.604  20.505 6.99 -173 6.42 879 2557 1091
9.79 3.605 20.511 6.99 -173 6.42 879 2557 191
9.40 3.623  20.993 6.98 =277 12.46 14.83 2543 1.92
9.40 3.623  20.997 6.98 =277 12.34 14.71 2543 192
9.40 3.622 21.001 6.98 =277 12.16 1453 2543 1.92
9.40 3.622 21.006 6.98 =277 11.98 1435 2543 192
9.40 3.622 21.016 6.98 =277 11.85 1422 2543 191
8.94 3.649 21.495 6.98 -303 3.06 543 2530 1.93
8.94 3.649 21.495 6.98 -303 3.06 543 2530 1.93
8.94 3.649 21.496 6.98 -303 3.06 543 2530 1.93
8.94 3.649 21.500 6.98 -303 3.06 543 2530 1.93
8.94 3.649 21.508 6.98 -303 3.06 543 2530 1.93
8.64 3.666  22.032 6.99 -315 1.23 3.60 2520 1.94
8.64 3.666  22.032 6.99 -315 1.17 354 2520 194
8.64 3.666  22.032 6.99 -315 1.17 354 2520 1.94
8.64 3.666 22.031 6.99 -315 1.17 3.54 2.521 1.94
8.64 3.666 22.031 6.99 -315 1.17 354 2520 1.94
Table 8C. November 2011 asymptotic data, profile 3.

Temp SpCond Depth pH ORP Turbidity DO Cond Sal
°C mS/cm m mV NTU % mS/cm  ppt
11.48 3.516 17.958 6.99 70 -1.03 1.32 2608 1.88
11.21 3.548 18.058 6.96 44 -1.15 1.32 2.614 1.88
11.21 3.548 18.058 6.96 44 -1.15 1.32 2614 1.88
11.21 3.549 18.058 6.96 44 -1.15 1.32 2.614 1.88
11.21 3.549 18.055 6.96 44 -1.15 1.32 2614 1.88
10.95 3.565 18.484 6.96 -33 -1.09 1.38 2.608 1.89
10.95 3.565 18.484 6.96 -33 -1.09 1.38 2.608 1.89
10.95 3.565 18.484 6.96 -33 -1.09 1.38 2.608 1.89
10.95 3.565 18.488 6.96 -33 -1.09 1.38 2.608 1.89
10.95 3.565 18.502 6.96 -33 -1.09 1.38 2.608 1.89
10.59 3.582 19.052 6.96 -60 -0.72 1.75 2596 1.89
10.59 3.582 19.053 6.96 -60 -0.72 1.75 2596 1.90
10.58 3.583 19.054 6.96 -61 -0.72 1.75 2596 1.90
10.58 3.583 19.055 6.96 -61 -0.72 1.75 2596 1.90
10.57 3.583 19.056 6.96 -61 -0.72 1.75 2596 1.90
10.38 3.587 19.510 6.96 -97 0.26 273 2585 1.90
10.38 3.587 19.509 6.96 -97 0.26 273 2585 1.90
10.38 3.587 19.509 6.96 -97 0.26 273 2585 1.90
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Figure A-1. Seasonakariability in d ensity from the top of the mixolimnion to the bottom of

the chemocline.The water density was derived from temperature and salinity measurements
using a modified version of the dequation sta
seawater at one standard atmosphere.
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Figure A-2. Seasonalariability in temperature (°C) from the top of the mixolimnion to the
bottom of the chemoclineFrom June through October, a primary thermocline is present in the
mixolimnion, but progressively @épens throughout the season. In November, the primary
thermocline reverses. A permanent secondary thermocline is pnaentthe chemocline (18

22 m, and strengthens through the season.
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Table 9. Sulfidé Concentrations (ppm) in the Chemocline

Depth(m) 24-May 7-Jun 16-Aug 24-Sep 22-Oct 20-Nov

18 0 0 0 0 0 0
18.5 0.1 0 0 0 0 0
19 0.05 0 0 0.05 0 0
19.5 0.05 0 0 0 0 0
20 0.2 0 0 0 0 0
20.5 6 15 0.9 1 1 2
21 7.5 7.5 7 3.5 6.5 7
21.5 10 7.5 9 4 9 7
22 10 10 8 5 10 10

1 A sulfide CHEMets kit employing the methylene blue method was used to determine the total aqueous sulfide
concentrations. Range®ppm and 110 ppm; MDL=0.05ppm.

Table 10. PhosphateConcentrations (parts per thousand) in the Chemocline

Depth (m) 24-May 7-Jun  18Jul 16-Aug 24-Sep 22-Oct 20-Nov

18 0.04 0.04 0.05 0.02 0.02 0.04 0.03
18.5 0.06 0.04 0.05 0.03 0.02 0.04 0.02
19 0.06 0.05 0.04 0.05 0.03 0.06 0.02
19.5 0.09 0.06 0.07 0.04 0.04 0.07 0.02
20 0.10 0.07 0.06 0.05 0.04 0.08 0.03
20.5 0.11 0.08 0.08 0.04 0.03 0.08 0.02
21 0.08 0.07 0.05 0.04 0.04 0.13 0.07
21.5 0.08 0.09 0.07 0.06 0.04 0.09 0.06
22 0.08 0.10 0.08 0.06 0.06 0.10 0.04

I The PhosVer3 ® ascorbic acid metheds used to determitiee reactive phosphate concentratidRange 0.02
2.50 mg/L PQ.

Calculating the equilibrium oxygen concentration (mg/L) at nonstandard pressure from
oxygen saturation (%).

Calculate the equilibrium concentration, C*, freguation:

InC*=  139.34411+ (1.57570110°/T) (6.642308 10/T?) +

(1.243800 10'%T3)  (8.621949 10T 7 S(1.7674 10?) 7 (1.0754 104T) +
(2.1407 10°T?

where;
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C*= equilibrium oxygen concentration at 101.325 kPa, mg/L,
T= temperature (K)
S= salinity

Then, for nonstandard conditions of pressure:

C=CP ——
where:
Cp= equilibrium oxygen concentration at nonstandard pressure, mg/L,
*= equilibrium oxygen concentration at standard pressure of 1 atrh, mg/
P= nonstandard pressure, atm,

Pwv= partial pressure of water vapor, atm, computed from:
InPwv=11.8571 (3840.70/T) (216961/T)

T= temperature, K

d= 0. 90426 108) + (6.436 10%?)

% Saturation=

65



APPENDIX B: PIGMENT CONCENTRATION CALCUL ATIONS
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Table 11. HPLC-APCI-MS! retention time, amax [M+H] * and MSn>5 for FGL chemocline

pigments.

# tr (Mins) Pigment Observedamax [M+H]*  MSn>5
1 ~9 Bchl-e [Et,Et] 474,658 821

2 ~10 Bchl-e [n-Pr,Et] 474,658 835

3 ~11 Bchl-e[i-Bu,Et] 474,658 849

4 18-20 Bchl-a 366,606,772 911

5 ~22 Bphee[Et,Et] 444, 660 799 521
6 ~23 Bphee[n-Pr,Et] 444, 660 813 535
7 ~24 Bphee[i-Bu,Et] 444, 660 827 549
8 27-29 Chl-a 432,666 893

9 35-37 Okeone 488,512 579,547

10 36-38 Bphea 358,528,748 889,611

11 47-49 Phea 410,666 871,593

12 57-59 Pphea 410,666 813
'Ret ent i G [M+Hi] “rared MSresSwere determinedsing a quaternary gradient of 0.01 M ammonium
acetate, methandb cet oni t ri l e and ethyl acetate with separations

packing, 150 mm x 4.6 mm |.D.; Milford, MA, USA) coupled in succession (Airs et al., 2001) and protected by a
Waters 10 mm x 4.6 mm guard column and a Phenomenexitg€suard Gg4 mm x 3 mm preolumn.
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Table 12. Table of published molar extinction coefficients

Pigments U ( how™) acetone Source

Chlorophylta 81.3 Watanabe et al., 1984

Pheophytira 46.0 Watanabe et al., 1984

Pyropheophytira 45.7 Fulton, 2010

Bacteriochlorophyha 84 Kornthals & Steenbergen, 1985
Bacteriopheophyia 81.2 Coolen & Overmann, 1998

Bacteriochlorophyhe 48.9 Borrego et al., 1999

Okenone 134.1 Carotenoids HandbogBirkhauser Base

The 6molar extinction coefficientd is also known as th

absorbed by a milliliter of solution in artL thick cuvetteand is expressed in units of %' (Namsaraev, 2009)

Table 13. Measured linear response factors for purified standards.

Bchl-a' Pphea' Chl-a
Wavelength: 746 nm 665 nm 665
Range: 2.520 nmol o/c 0.35.5 nmol o/c 2.2-11.2 nmol o/c
Amp (mAU): 70-600
Area (mAUS): 170630000 30016000 215016000
Equation: y=1644%2701  y=2871x y=1035x
R? 0.998 0.999 0.9957

Yinear response factors for BGaland Pphea were previously calculated by Fulton (2010), using tmesHPLC
APCI-MS configuration.

63



Table 14. Spectrophotometric absorbance ratidf pigments in
HPLC eluent/acetone
Chl-a Phe-a Bchl-e Bchl-a Bphe-a Okenone
0.926 0.985 0.86 1 1 0.974
!Absorbance ratios were determined by Fulton (2010) from with fractions collected using HPLC.

Example Calculation

For BChte (nmol)

BChl-e=A( o Basne Wnia/ Wene achia Chl-agr
For Chta (nmol)

Chl-a= A( 555)/ ChI-aRF

where:

A( o, K esp5 = the absorbance area (in mAUS) of B€lat 8=658/Chta at 9=665,

aschie= thespectrophotometric absorbance ratio of BEh eluent/acetone,

ach-a= the spectrophotometric absorbance ratio ofa&nl eluent/acetone,
Uchie= the molar extinction coefficieimM™ cm™) in acetoneof BChl-e,

W= the molar extinction coefficieftmM™ cm?) in acetoneof Chl-a,

Chl-ag= the measured linear response factor for&fthe slope of the line, y=1035x)
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Pigment Structures

COMe O

CO Phytyl ‘ CO Phytyl
l. Il.
Chlorophyll -a Pheophytin-a

ethyl 12)
n-propyl (3)
so-butyl (4)
CO Farnesyl
V.
Bacteriochlorophyll -e
Res
. M=Magnesium
Raa
R;=COCH;

Rg {Rs #H/CHs
R.is° =COOCH,
Rz =H
R173:phyt0|
V.
Bacteriochlorophyll-a

Cnl

VII.
Okenone
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Table 15 Distribution of pigment and degradation produd abundance (nmol/L)

with depth in May 2011

Depth Okenone Bchl-a Bphe-a BChl-e Bphee Chl-a Phea Pphea
18 0.0 0.0 3.6 0.0 0.0 0.0 11.4 0.0
18.5 25.4 0.0 14.2 0.0 18.1 0.0 35.1 0.3
19 74.2 0.0 40.2 0.0 68.6 0.0 30.5 0.3
19.5 886.9 0.0 9.1 0.0 41.9 0.0 19.2 0.0
20 1063.0 0.0 475.6 0.0 72.0 0.0 13.4 0.0
20.5 394.4 0.0 165.4 0.0 44.4 0.0 8.2 0.0
21 107.6 0.0 30.3 0.0 20.1 0.0 8.0 0.0
21.5 165.6 0.0 29.6 0.0 15.6 0.0 14.1 0.0
22 54.7 0.0 10.1 0.0 3.8 0.0 3.7 0.0

Table 16. Distribution of pigment anddegradation product abundance (nmol/L)

with depth in June 2011.

Depth Okenone Bchl-a Bphe-a BChl-e Bphe-e Chl-a Phea Pphea
18 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
18.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19 0.0 0.0 2.6 0.0 0.0 0.0 2.0 0.0
19.5 4.1 0.0 7.7 0.0 3.9 0.0 6.5 0.0
20 126.4 0.0 43.8 0.0 5.3 0.0 5.7 0.1
20.5 507.8 0.0 107.3 0.0 11.9 0.0 6.2 0.0
21 69.3 0.0 17.0 0.0 0.0 0.0 3.9 0.0
21.5 26.3 0.0 5.7 0.0 0.8 0.0 2.2 0.0
22 42.9 0.0 7.4 0.0 0.0 0.0 2.8 0.0

Table 17. Distribution of pigment and degradation product abundance (nmol/L)

with depth in July 2011.

Depth Okenone Bchl-a Bphe-a BChl-e Bphee Chl-a Phea Pphea
18 0.0 0.0 0.0 0.0 0.0 0.0 0 0

18.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

19 0.0 0.0 0.0 0.0 0.0 0.0 1.0 0.0
19.5 0.0 0.0 0.5 0.0 0.0 0.0 5.7 0.0

20 3.3 0.0 1.2 0.0 3.4 0.0 17.9 0.1
20.5 39.3 0.0 14.9 0.0 2.3 0.0 10.8 0.0

21 63.1 0.0 15.3 0.0 3.0 0.0 2.3 0.0
21.5 57.6 0.0 17.3 0.0 1.9 0.0 2.6 0.0

22 51.6 0.0 16.6 0.0 0.0 0.0 0.0 0.0

66



Table 18. Distribution of pigment and degradation product abundance (nmol/L)

with depth in August 2011.

Depth Okenone Bchl-a Bphe-a BChl-e Bphee Chl-a Phea Pphea
18 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0
18.5 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.0
19 0.0 0.0 0.0 0.0 0.0 0.0 11 0.0
19.5 0.0 0.0 0.3 0.0 0.0 0.0 4.5 0.0
20 1.3 0.0 1.7 0.0 3.7 0.0 30.6 0.0
20.5 77.7 0.0 46.4 0.0 63.0 0.0 35.1 0.0
21 67.2 0.0 9.8 14.8 303.1 0.0 6.8 0.0
21.5 26.4 0.0 8.2 0.0 74.4 0.0 5.7 0.0
22 18.9 0.0 8.6 0.0 11.9 0.0 3.4 0.0

Table 19. Distribution of pigment and degradation product abundance (nmol/L)
with depth in September 2011.

Depth Okenone Bchl-a Bphe-a BChl-e Bphee Chl-a Phea Pphea
18 0.0 0.0 0.0 0.0 0.0 0.0 1.7 0.0
18.5 0.0 0.0 0.0 0.0 0.0 0.0 5.2 0.0
19 0.0 0.0 0.0 0.0 0.0 0.0 3.8 0.0
19.5 0.0 0.0 0.0 0.0 0.0 0.0 7.5 0.1
20 4.0 0.0 0.0 0.0 4.1 0.0 23.4 0.8
20.5 56.6 0.0 12.2 0.0 97.4 0.0 0.0 0.0
21 61.2 0.0 22.8 1.0 787.3 0.0 10.6 0.0
21.5 31.6 0.0 5.9 5.4 137.7 0.0 4.8 0.0
22 19.0 0.0 4.0 0.0 28.9 0.0 4.7 0.0

Table 20. Distribution of pigment and degradation product abundance (nmol/L)

with depth in October 2011.

Depth  Okenone Bchl-a Bphe-a BChl-e Bphe-e Chl-a Phea Pphea
18 0.0 0.0 0.0 0.0 0.0 0.0 0 0.0
18.5 0.0 0.0 0.0 0.0 0.0 0.0 1.3 0.0
19 0.0 0.0 0.0 0.0 0.0 0.0 1.1 0.0
19.5 0.0 0.0 0.0 0.0 2.0 0.0 20.0 0.6
20 6.3 0.0 0.6 0.0 19.2 0.0 37.7 3.5
20.5 129.7 161.3 21.6 8.2 2209 0.0 44.7 0.4
21 62.0 0.0 6.0 107.3 404.8 0.0 15.3 0.3
21.5 21.7 0.0 4.9 0.0 78.6 0.0 6.3 0.0
22 17.7 0.0 3.8 0.0 29.6 0.0 6.3 0.0
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Table 21. Distribution of pigment and degradation product abundance (nmol/L)
with depth in November 2011.

Depth Okenone Bchl-a Bphe-a BChl-e Bphe-e Chl-a Phea Pphea
18 0 0 0 0 0 0 2.11215 0

18.5 0.0 0.0 0.0 0.0 0.0 0.0 3.2 0.0

19 0.0 0.0 0.0 0.0 0.0 0.0 7.4 0.1
19.5 0.4 0.0 0.2 0.0 3.6 0.4 14.8 0.6

20 16.5 0.0 1.7 8.3 41.2 2.0 48.9 4.2
20.5 134.9 101.9 10.0 345.3 1339 45 25.3 1.2

21 66.0 0.0 5.3 266.5 107.3 3.6 17.1 0.5
21.5 23.1 0.0 3.8 36.0 55.3 0.9 9.6 0.3

22 21.6 0.0 3.9 5.2 32.3 0.0 7.9 0.2
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