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Figure 4-7. Spatiotemporal dynamics in the manifestation of the deep chlorophyll-a maximum (DCM) in 2012 and 2014.
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Figure 4-8. Manifestation of the deep chlorophyll-a maximumin 2011, 2012 and 2014.
Maximumdevelopment of the DCM on August 12 2011 (solid line) July 19 2012 (dotted line)
and September 8 2014 (dashed line), 26 km offshore.
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4.4.3 Climatic impacts on water column biomass, forcings and production

Quantification of the contribution of the DCM to water column primary production
was described for 2011 (Dijkstra and Auer, in review) and included a temporal description
of the dynamics in growth mediating factors (i.e. temperature, light and nutrient conditions)
and biomass over the vertical profile.

In 2011 primary production manifested a distinct pattern where low productivity
under completely mixed conditions was followed by elevated production in the
metalimnion directly above the DCM and reduced productivity in the epilimnion. It was
suggested that a further deepening of the epilimnion and extension of thermal stratification
could alter the pattern and magnitude of primary production. Here we seek to evaluate the
direct and indirect impact of differences in thermal structure (as observed in 2012 and
2014) on driving forces mediating primary production and biomass.

Thermal structure — in 2012 thermal stratification (until mixing exceeded 60 m)
lasted ~32 days longer and the thermocline reached a greater depth than in 2014; 31 m and
14 m in late September, respectively (Fig. 4-9). The average epilimnetic temperature in
August 2012 was >5°C warmer than in 2014 (2012: 18.7°C and 2014: 13.5°C). The
differences in thermal structure observed between 2011, 2012 and 2014 coincide with the
general consensus that climate warming will lead to an extended duration of thermal
stratification (e.g Lehman 2002; Brooks and Zastrow 2002). The greater depth of the
epilimnion during the warm year concurs with projections made by Lehman (2002) and
the coinciding increase in mixed layer temperature confirms modeling results reported by
White et al. (2012). No support was found for an increase in hypolimnion temperature as

projected by Lehman (2002).
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Composite forcing conditions — growth limitation, quantified through the fitm)
parameter, and calculated as described in the methods section (see also Dijkstra and Auer,
in review), differed considerably between years. In 2012 limitation in the epilimnion (the
“summer desert”) became far more extensive in duration and depth than that observed in
2011, extending by the end of September to a depth where only 2.5% of surface radiation
remained (Fig. 4-9).

Limitation in the metalimnion in 2012 was more severe than that observed in 2011.
In 2014 limitation described an entirely different pattern than that manifested in 2011 and
2012. In 2014 a shorter growing season was evidenced with substantially less limitation
compared to 2011 and 2012. In 2014 no “summer desert” formed in the epilimnion but the
effects of the high spring C:P ratios (phosphorus starved phytoplankton, Fig. 4-4) were
manifested in the epilimnion and limitation eased towards summer as the C:P ratio
improved.

Biomass distribution — the vertical distribution of particulate organic carbon (POC)
in the water column like chlorophyll-a, manifested distinct seasonal patterns in 2012 and
2014 (Fig. 4-9). On average 8% more biomass was present in the photic zone in 2012 than
in 2011 and 29% more compared to that in 2014. The sub-surface biomass maximum as
seen in 2011 and 2012 was virtually absent in 2014 where concentrations in 2012 and 2011

were ~29% and ~50% higher, respectively.
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Spatiotemporal dynamics in Lake Superior’s offshore waters
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Figure 4-9. Offshore spatiotemporal dynamics in temperature, growth limitation indicated by
f(TIN), particulate organic carbon biomass and primary production for 2011, 2012 and 2014.
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Primary production — in 2011, based on model calculations, three distinct periods
of primary production became manifested (Dijkstra and Auer, in review). The first phase
represents pre-stratified conditions where homogenous and cold (below optimum) waters
support low levels of production. The second phase represents the period of thermal
stratification. In this period conditions initially improve in the epilimnion as temperatures
become more favorable and phosphorus reserves remain sufficient. As stratification
continues temperature and phosphorus limitation increase and a “summer desert” is
manifested. In the metalimnion dynamics are different as temperatures remain close to
optimum, light is still sufficient and phosphorus reserves are not yet depleted. Here,
elevated phytoplankton biomass is able to benefit from improved conditions and manifests
elevated levels of production. The third and last period is that of deep fall mixing,
characterized by a modest improvement in conditions but under continued P-limitation and
reducing surface radiation production levels remain modest.

A similar but more extreme pattern was manifested in 2012 (Fig. 4-9). Here,
metalimnetic production was higher, especially when the metalimnion remained well
above the compensation depth as in July and early August (~17 mg C m> d™! at a depth of
26 m). In the epilimnion the effects of the more extensive “summer desert” (extending
deeper and lasting longer) became manifested in low levels of production (~1 mg C m d-
1. Recovery of conditions in fall occurred late in the season and did not result in substantial
production.

As in the composite forcing conditions, the pattern of production manifested in
2014 was different. The extension of the pre-stratified season and its associated lower rates

of production, amplified by the low levels of primary producer biomass, became clearly
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evident. Intense phosphorus limitation in the epilimnion at the onset of stratification
impeded epilimnetic production (<1 mg C m™ d™!). Although conditions in the metalimnion
were consistently superior to those observed in 2011 and 2012, production remained lower
due to the absence of intense subsurface peaks in biomass as were manifested in 2011 and
2012. The increase in primary producer biomass during late fall occurred at a time when
the conditions had already deteriorated and consequently production remained low.

From the patterns described above it becomes evident that dynamics in the thermal
structure not only impact the distribution of biomass and growth attenuation in the water
column but are ultimately also evidenced in the pattern and magnitude of primary

production as well.
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4.4.4 Areal primary production

Interannual differences in the pattern of calculated areal primary production,
occurring under two extreme and contrasting years, may serve to identify the range and
pattern in the flux of bioenergy available to higher trophic levels.

In 2011, the pattern in areal primary production described a negatively skewed bell-
shaped pattern. Production rates were low in spring (38 mg C m? d'!), highest in July (253
mg C m? d!), and reduced as the season progressed ultimately decreasing to 76 mg C m?
d! by October (Fig. 4-10). Primary production in 2012 was generally higher (~61% over
the May — September interval) than in 2011 and described a pattern of rapidly increasing
production early in the season, reaching levels of 239 mg C m? d"! by June. High levels of
production were maintained in July and August (~320 mg C m? d!) and plummeted in
September to 53 mg C m? d! due to the effects of the “summer desert”. Production
recovered to some extent in October (131 mg C m? d!).

In 2014, May production was low (<5 mg C m? d!), due to extreme phosphorus
starvation brought on by inhibited DOP recycling. Levels increased over the season as
conditions improved, reaching 265 mg C m? d"! in August, slightly above levels observed
in June of 2012. Production in September decreased to 113 mg C m? d°!; a level double that
observed in September 2012 (no calculations were made for April and October). Calculated
levels of offshore production reported here fell within ranges reported by Fee et al. (1992:
100 - 200 mg C m2d! in summer) and Urban et al. (2005: 10 mg C m2d"! in spring - 200
mg C m2d! in summer), and by Sterner (2010; ~250 mg C m™d™! in early spring and ~325

mg C m?2d! in summer).
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Offshore areal primary production in Lake Superior
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Figure 4-10. Temporal dynamics in offshore areal primary production in 2011, 2012 and 2014.
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4.4.5 Quality of primary production

Descriptions of dynamics in phytoplankton biomass are generally focused on
standing stock and production (i.e. flux of primary production) overlooking temporal
dynamics in quality as described by the elemental ratios, especially that of phosphorus
(Brett et al. 2000). Zooplankton cell stoichiometry tends to be relatively constant (Sterner
1993), reducing feeding efficiency at elevated (phytoplankton) C:P ratios. This can
decrease herbivorous zooplankton production (Brett et al. 2000, Malzhan and Boersma
2012) and reduce growth efficiency in fish by as much as 90% (Hood et al. 2005). Higher
trophic levels are thus not only impacted by the reduction in primary production resulting
from phosphorus starvation but also by its reduced quality (high C:P ratios). Dynamics in
the C:P ratio, described in this work, indicate that the seasonal patterns in primary
production should therefore not only be interpreted in a quantitative fashion but also in a
qualitative fashion. The compounding effect of coinciding reductions in quantity and
quality, as for example occurred during the “summer desert” (Fig. 4-9), could have a far
greater impact on the food web then the reduction in quantity alone would suggest. The
impact on higher trophic levels of interannual and seasonal dynamics in primary production

(quantity and quality) would merit further investigation.
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4.5 Summary and Conclusions

The impact of two meteorologically extreme and contrasting years (2012: warm
and 2014: cold) resulted in differing characteristics in thermal regime, driving forces
attenuating primary production (i.e. temperature, light and nutrients) and ultimately
primary production. In the warm year, offshore thermal stratification lasted ~32 days
longer, the epilimnion became >5°C warmer by mid-summer and reached ~17 m deeper
by the end of summer. The response of the ecosystem to alternate thermal regimes was
evidenced in its driving forces and resulted in an extensive summer “desert” (period of
severe growth limitation in the surface mixed layer) in 2012 while no desert was observed
in 2014. Biomass concentrations in the photic zone in 2012 were on average ~29% higher
than in 2014 and the subsurface biomass maximum (particulate organic carbon) developed
a month earlier (July) containing ~50% more biomass than in 2014. Calculated volumetric
production rates were greatest in early August, in 2012 at a depth of 26 m (16.8 mg C m™
d ') and in 2014 at a depth of 14 m (11.6 mg C m> d™!). Areal primary production in 2014
described a negatively skewed bell shape pattern with peak production occurring in August
(~265 mg C m? d'!). In 2012 the pattern in areal primary production manifested elevated
levels in April. Summer production (July and August) peaked at ~320 mg C m? d!, while
production decreased considerably in September due to the extensive “summer desert”.
Production, over the May-September interval, was significantly higher in 2012 than in
2014 (61%).

Inter-annual and seasonal variations in magnitude of energy flux to pelagic and
benthic communities could cause cascading effects throughout the food web. Diminished

quality of primary producer biomass at times of extreme phosphorus deficiency, as
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transpired in September of 2012, may amplify the impact of fluctuations in primary
production.

The trapping potential of nutrients, delivered to the nearshore during the spring
runoff event, by the timely formation of a thermal bar was evaluated and revealed a low
trapping potential in both years. Yet, in 2012 a bloom was observed while primary
production decreased and in 2014 no bloom was observed while primary production
increased. These contrasting dynamics demonstrate that, in these years, standing stock was

not an accurate gauge for the occurrence of a spring bloom.
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Chapter 5

Contributions to science

All things excellent are as difficult as they are rare.

Baruch Spinoza (1632-1677)
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5.1 Summary of contributions to science

To date, no consensus exists in Lake Superior’s scientific community in regards to
which algorithms are most suitable to capture the impact of fluctuations in temperature,
light and nutrients on primary production.

For example phosphorus limitation is modeled with Monod kinetics by White et al.
(2012) while Sterner (2010) indicates that a high correlation (r12>0.9) was obtained between
in-situ measured rates of primary production and those modeled with just temperature and
light algorithms, negating any nutrient effects. As discussed in chapter 3 and 4, no
seasonality was observed in offshore soluble reactive phosphorus (SRP) in 2011, 2012 and
2014. Concentrations frequently dropped below detection limit while strong seasonal
patterns were manifested in the C:P ratio. Application of Monod kinetics assumes fixed
stoichiometry (constant C:P ratio) making this metric, apart from the uncertainty in SRP
concentrations, a less favorable metric. Droop (1974) kinetics on the other hand are able to
accommodate variable stoichiometry and experimental data confirmed its utility in
modeling the impact of variations in the C:P ration on levels of primary production.

Likewise several alternate algorithms are available to describe the effects of
temperature and light limitation (e.g. Bowie et al. 1985, Tian 2006 and Chapra 2008).
Based on lab experiments, performed on the natural phytoplankton assemblage of Lake
Superior, the optimum temperature algorithm described by Cerco and Cole (1994) and the
light algorithm developed by Platt (1980) best represented phytoplankton response to
alterations in these conditions.

After algorithm selection kinetic coefficients were determined including the (net)

maximum growth rate and confirmed to in-situ measured rates of primary production
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reported by Sterner (2010). These algorithms and their kinetic coefficients were then
applied to calculate primary production for August 1998 at EPA’s 19 offshore sites in Lake
Superior. These calculations indicated that primary production in the offshore waters of
Lake Superior manifested considerable heterogeneity.

Next to offering confirmed site specific kinetic coefficients and appropriate
algorithms supporting primary production modeling in Lake Superior a spatiotemporal rich
data set was developed supporting calibration and confirmation of models developed for
Lake Superior. Field measurements for this data set were made with a bi-weekly frequency
during the sampling seasons of 2011, 2012 and 2014, considered to be meteorologically
average, extremely warm and cold years, respectively. Measurements were made on a
transect perpendicular to shore, extending 26km lakeward off Michigan’s Keweenaw
Peninsula and consisted of 11 stations covering the nearshore to offshore gradient. Field
measurements included: temperature, solar radiation, transparency, beam attenuation,
chlorophyll-a fluorescence, colored dissolved organic matter, suspended solids and
phosphorus and carbon constituents. Additional measurements (not included in this work)
were made during field sampling, often in collaboration with visiting scientists, and
included: phytoplankton and zooplankton species composition, Diporeia densities,
sediment composition, larval tows and hydroacoustic measurements of Mysis densities,
flow cytometry as was the composition of the light field. The data presented in this work
is currently supporting the development of an extensive 3D hydrodynamic model for Lake
Superior developed by Dr. Xue. The data set, in a similar fashion, supports the development
of a 1D lower food web model including nutrient cycling, primary production and

zooplankton interactions by Dr. Chapra. Measurements of TP concentrations from the
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Ontonagon River were shared with Dr. Robertson from the USGS in support of
model calibration.

Analysis of the data set resulted in the description of spatiotemporal dynamics in
biomass, forces driving primary production, and in conjunction with the developed 1D
primary production model (chapter 2) dynamics in primary production.

Several, thus far, unidentified signals were reported including seasonality in the
surface water C:P ratio indicating that these phytoplankton become progressively more
phosphorus starved as the summer progresses. A strikingly different pattern in the C:P ratio
was observed in 2014, a year with an extremely cold winter and extensive ice-cover, and
coincided with a deviation in the pattern of the dissolved organic phosphorus pool,
indicating a disturbance in nutrient cycling.

The signal feature in the surface waters was the development of a summer “desert”
representing a period of extreme growth limitation due to sub optimal temperatures and
high nutrient limitation. During the extreme warm year (prolonged stratification) the
“summer desert” was larger (reaching a greater depth) and lasted longer than in the average
year. In the cold year no “summer desert” was observed. Metalimnetic production, to some
extent, was able to compensate for the loss of production in the epilimnion and manifested
a subsurface maximum well above the deep chlorophyll-a maximum. In the warm year,
production decreased toward the end of the summer due to low production in the
epilimnion and reduced production in the metalimnion resulting from increased light
limitation (driven by a deepening of the epilimnion).

Extreme nutrient limitation (high C:P ratios) as seen in late summer may, in

addition to reduced production, also impact the quality of biomass available to higher
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trophic levels.

Development of the thermal bar (TB) in the nearshore did not coincide with the
spring runoff event in 2011, 2012 and 2014, indicating a low potential for trapping and
contrasted with dynamics observed in 1999. Dynamics in primary production during the
presence of the TB, however, indicated that an increase in production as seen in 2014 did
not result in the manifestation of a spring bloom. Likewise, a decrease in production, as
occurred in 2012, during the presence of the TB coincided with an increase in chlorophyll-
a concentrations, thus signaling that standing stock biomass was not a trustworthy indicator
for the occurrence of a spring bloom.

Dynamics observed in the thermal regime during these climatologically divergent
years seem to indicate that projections regarding the impact of climate change (i.e. increase
in epilimnion temperature, extended duration of thermal stratification and deepening of the
thermocline; Lehman 2002 and Brooks and Zastrow 2002) concurred with field
observations. Differences in dynamics between the climatologically extreme years
described in this work may serve to improve projections regarding the effect of climate

change on the Lake Superior ecosystem.
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5.2 Recommendations for future work

Development of the kinetics presented in this work was based on temperature and
light experiments performed on the natural phytoplankton assemblage of Lake Superior in
conjunction with measurements of chlorophyll-a, carbon and phosphorus constituents. The
chosen sampling frequency and experimental design generated excellent data allowing for
the determination of these kinetics thus far largely unknown for Lake Superior. The
available data, however, did constrain a more accurate determination and additional
experiments and field measurements could improve temperature attenuation functions and
potentially develop a family of functions and include the winter season. Likewise,
additional sampling could be tailored to develop a more accurate nutrient function by
reducing the range in sampling locations and improving sampling frequency. Furthermore,
the developed kinetics and algorithms were confirmed to one (extensive) set of in-situ
measured rates of primary production and further confirmation may be possible in the near
future as new (in-situ) measured rates will be published.

The striking differences observed in timing, quantity and quality of primary
production between the warm (2012) and cold year (2014) could cause cascading effects
through the foodweb, warranting further exploration. Currently the Auer group, in
cooperation with Dr. Chapra, is developing a 1D water quality model tailored to Lake
Superior that includes nutrient cycling and zooplankton dynamics. The extensive data set
developed for 2011, 2012 and 2014 will assist in model calibration and confirmation. Once
this model is confirmed unique signals like the buildup of the DOP pool in the cold year
(2014) and attendant high C:P ratios and the subsurface production maximum could be

explored and lead to new insights.
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Appendix I: field and lab data

Table 3. Field and lab data for 2011, 2012 and 2014 measured in the nearshore and
offshore of Lake Superior.

Ktation / Cruise Sample | Temp | TSS(DW | POC PP SRP TDP DOP TP Chl CDOM |[C:.Chlf C:P | ke | SD
date Depth | (°C) | mg/L) | (/L) [(ne/L)| (ne/L) | (ue/L) | (ue/L) |(ue/L)] (ug/L) |(abs 10cm)|ratio|ratiof (/m) | (m)
Nearshore station
HNO30
4/25/2011f 0 12
5/6/2011f 0 3.6 0.5 89 1.5 0.2 0.7 0.5 2.2 0.7 0.011 7.8 | 152
5/19/2011 0 3.6 0.3 87 1.2 0.6 1.8 1.3 3.0 0.6 0.003 7.2 | 195 14.0
5/29/2011 0 3.2 61 1.1 0.7 0.9 0.2 2.0 0.6 0.003 ]10.4| 140 13.5
6/17/2011 0 7.6 0.4 97 1.1 0.7 1.0 0.4 2.1 0.7 0.006 7.3 1238(0.18] 10
6/30/2011 0 8.3 0.5 131 1.5 0.2 1.2 1.0 2.7 0.7 0.011 5.4 1226|0.22] 6.5
7/12/2011 0 16.3 0.4 83 0.7 0.9 0.7 0.7 0.006 8.71305]0.21]| 8
7/28/2011 0 14.6 0.3 0.7 0.9 1.2 0.3 1.9 0.7 0.003 0.13] 10
8/12/2011 0 19.5 0.5 99 0.7 0.0 0.7 0.7 1.4 0.9 0.003 9.1 1365]0.11
8/28/2011 0 20.6 0.5 170 0.8 0.2 1.0 0.8 1.8 0.8 0.0045 | 4.9|548]0.17|11.5
9/9/2011 0 19.0 0.4 129 0.6 0.8 0.7 0.0 1.3 0.7 0.002 5.7 | 555[0.13] 13
9/25/2011 0 15.6 0.5 99 1.0 0.4 1.3 0.9 2.3 0.9 0.009 9.2 1253]0.13
10/25/2011 0 9.9 0.9 175 1.5 0.4 1.0 0.6 2.5 0.9 0.007 5.2 1301]0.19] 6.5
4/4/2012] 0 3.4 0.2 147 1.4 0.4 1.8 1.4 3.3 1.2 0.006 7.9 1257(0.23] 5.5
4/23/2012 0 3.4 0.3 86 0.9 0.8 1.3 0.5 2.2 0.8 0.002 9.7 1240]0.17
5/9/2012 0 4.0 0.6 97 0.8 0.2 1.2 1.0 1.9 0.7 0.002 6.9 1320]0.17|14.0
5/22/2012] 0 9.0 0.3 152 0.7 0.4 1.3 0.9 2.1 0.9 0.009 6.2 |519(0.33| 6.0
6/5/2012 0 12.0 0.2 137 0.5 0.9 1.4 0.4 0.005 2.7 1723]0.13| 8
6/26/2012] 0 17.2 0.2 98 1.5 0.8 1.2 0.4 2.7 0.3 0.005 2.6 1164]10.10] 10
7/19/2012] 0 13.2 0.3 81 0.8 0.3 1.0 0.7 1.8 0.3 0.005 3.91264]0.12| 13
8/8/2012 0 19.9 0.3 170 1.0 0.5 1.3 0.8 2.3 0.5 0.004 2.7 |44710.13| 7.5
9/25/2012)] 0 15.5 0.7 169 1.7 0.2 1.2 1.0 2.9 0.6 0.007 3.6 | 245(0.18
10/19/2012] 0 9.5 0.5 130 2.4 0.2 1.3 1.2 3.7 1.2 0.008 8.9 139
5/23/2014 0 3.7 129 1.7 0.4 2.0 1.6 3.7 0.7 5.3 1189|0.55
6/4/2014 0 5.9 112 2.4 0.5 2.2 1.7 4.6 0.5 4.61116(0.45] 2.8
6/21/2014 0 4.4 105 1.3 0.3 2.3 2.0 3.6 1.0 0.005 9.4 1210]0.20]6.25
7/2/2014} 0 8.9 110 1.2 0.7 0.8 0.005 7.6 1239(0.13| 8.5
7/24/2014) 0 16.6 145 1.3 0.5 0.5 0.005 3.6 |1278(0.21| 7
7/31/2014 0 16.0 124 0.5 1.5 1.0 1.5 0.2 0.003 1.9 0.11] 10
8/8/2014} 0 18.3 81 0.7 0.2 0.8 0.7 1.5 0.2 0.004 2.7 1308]0.14]12.5
8/22/2014 0 12.0 169 0.3 1.2 0.017 6.8 |1100(0.20| 5
9/8/2014) 0 17.3 140 2.5 0.5 0.6 0.006 431140]10.27| 7
9/26/2014 0 12.7 127 1.1 0.2 1.8 1.7 2.9 1.3 0.007 10.0] 2870.25| 6.5
10/30/2014 0 8.8 150 2.2 0.2 2.0 1.8 4.2 1.7 0.013 ]11.3|175]0.25(7.28
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Station / Cruise Sample | Temp | TSS(DW | POC PP SRP | TDP DOP TP Chl CDOM |C:Chl| C:P | ke | SD

date Depth | (°C) | mg/L) | (ug/L) |(ug/L)| (ne/L) | (ue/L) | (ue/L) |(ue/L) | (ue/L) [(abs 10cm)|ratio|ratiof (/m) | (m)

Offshore station

HN260
4/25/2011 0.09] 20
5/6/2011] 0O 2.0 0.1 60 | 1.2 ] 04 | 09 | 054 |2.07] 0.8 0.003 [13.6]129]0.11
5/19/2011 0 2.6 54 | 1.3 ] 04 | 108 | 0.71 | 2.42 0.003 102 |0.12[15.5
5/29/2011 0 2.9 46 1.1 | 04 | 096 | 059 [ 21| 06 0.003 [13.9]101f0.13] 13
6/17/2011] 0 3.4 0.3 70 | 1.1 ] 07 | 162 | 0.88 | 2.72] 0.6 0.004 |7.9]160]0.10] 20
6/30/2011] 0 4.0 0.4 58 1.0 | 07 | 0.44 1.44 | 04 0.003 |6.8]144]0.16] 12
7/12/2011 0O 7.8 0.3 78 | 08| 1.1 0.4 0.004 |47]234]0.11
7/28/2011 0 12.6 0.2 111 | 0.8 | 0.2 | 088 | 0.68 | 1.66 | 0.4 0 4.0 |356]0.11] 9
8/12/2011 0 15.7 0.4 111 | 0.8 | 00 | 074 | 074 | 154 | 04 0.002 | 3.9]347]0.13| 9.5
8/28/2011 0 17.5 0.4 113 | 0.6 | 02 | 1.03 | 0.83 | 1.63 0.005 409 [0.16
9/9/2011 0O 17.0 0.4 102 | 07 ] 04 | 118 ] 079 | 1.88| 0.4 0.002 |4.1]474]0.14] 13
9/25/2011 0 14.2 0.6 107 | 1.0 | 0.6 | 1.03 | 0.44 | 2.07] 0.8 0.007 | 7.1]364[0.13] 14
10/25/2011f 0 8.7 0.5 178 | 1.4 | 04 | 162 | 1.23 |3.06 | 1.2 0.005 |6.9]258]0.14] 11

310 [0.18] 9.5

4/4/2012] 0 2.6 0.2 66 | 0.8 | 04 15 [ 111 [2.28] 08 0.004 [11.4]2120.16] 15
4/23/2012 0 3.1 0.3 69 | 09| 04 | 183 | 144 |2.73] 04 0.002 |[55]194f0.11
5/9/2012] 0O 3.4 0.6 67 | 0.8 ] 02 | 133 ] 113 |2.14] 06 0.002 |[9.3]207]0.12
5/22/2012 0 3.7 0.3 65 | 0.5 1.17 1.71 | 0.1 0.002 |2.1]301 14.5
6/5/2012] 0 6.2 0.2 66 | 0.8 | 02 | 117 | 0.97 | 198 03 0.003 |[3.9]2050.12]13.5
6/26/2012] 0 9.3 0.2 88 | 09 | 0.6 1 041 | 194 | 03 0.004 |[3.0]235]0.11] 15
7/19/2012] 0 18.1 0.3 97 | 08 ] 02 | 117 1 1.94 | 0.2 0.003 |2.2]317]0.12] 13
8/8/2012] 0O 19.0 0.3 110 | 07 | 02 | 117 1 1.9 | 03 0.001 | 3.1]376[0.08] 13
9/25/2012] 0 13.0 0.7 159 | 0.7 | 0.3 05 | 016 | 1.24] 1.0 0.01 6.0 [538]0.12] 12
10/13/2012 0 8.1 0.5 127 | 1.4 | 03 1.36 | 1.3 0.008 [10.2]2340.13
5/23/2014 0 1.6 93 | 03] 0.2 6.3 6.1 | 6.6 756 [0.12] 13
6/4/2014 0 2.3 121 | 09 | 02 | 43 42 [ 53] 06 49 [329]0.12] 14
6/21/2014 0 3 78 1.0 | 0.3 1.5 1.2 | 25 | 06 0.005 |7.2]197[0.12] 13
7/2/2014 0O 3.6 80 1.4 | 03 0.6 0.003 |[8.0]141f0.12] 12
7/24/2014 0 8 74 | 1.1 ] 06 0.2 0.006 |3.2]169[0.10] 14
7/31/2014 0 7.5 58 1.2 | 03 2.2 1.8 | 34 | 0.2 0.001 | 3.8 [117]0.12] 12
8/8/2014 0O 13.2 75 1.9 | 05 3.2 27 | 51 ] 03 0.001 [4.4] 99 [o0.09] 13
8/22/2014 0 14.1 81 16 | 0.3 1.5 1.2 | 31 | 05 0.001 |65 ]127]0.11] 10
9/8/2014 0 13.8 107 | 1.5 | 05 1.0 05 [ 2.6 | 06 0.002 |[55]174[0.16]10.5
9/26/2014 0 8.7 170 | 1.2 | 02 | 4.0 52 | 2.3 0.001 [13.5]371]0.14] 9.5
5/6/2011] 25 0.4 102 | 21| 04 1.5 1.1 | 36 | 08 0.004 |79]121
6/17/2011] 25 0.2 75 1.8 | 0.9 1.5 05 [ 32 ] 09 0.004 [11.4] 108
7/28/2011] 25 0.3 75 1.5 | 0.9 1.2 03 [ 27 ] 10 0.001 [12.6]123
8/28/2011] 25 0.8 261 | 23 | 04 1.6 1.2 | 3.9 0.0075 284
9/25/2011] 25 0.6 122 | 1.5 | 04 1.2 08 [ 27 ] 09 0.008 | 7.2]202
5/22/2012] 25 0.3 84 | 06 | 24 1.2 08 [ 1.8 ] 06 0.003 | 6.6 | 364
6/26/2012] 25 0.3 130 | 1.1 | 04 1.5 1.1 | 26 | 07 0.004 | 5.1]287
9/25/2012] 25 0.7 200 | 1.3 | 0.2 1.4 1.2 | 27 | 10 0.004 | 5.0]380
10/13/2012] 25 0.5 162 | 1.9 | 0.2 1.0 08 [ 29 ] 13 0.006 |7.7]215
8/8/2012f 36 0.6 140 | 1.9 | 0.2 1.2 1.0 | 3.0 | 08 0.002 | 5.8]190
7/31/2014] 25 77 | 20 ] 03 2.8 25 | 48 ] 0.8 0.001 [10.7] 99
8/8/2014 25 113 | 2.1 | 03 1.2 08 [ 32 ] 10 0.002 |8.7]136
8/22/2014] 25 202 | 2.4 | 05 1.3 08 |37 ] 20 0.002 |9.7]215
9/8/2014] 25 159 | 2.7 | 0.7 1.7 1.0 | 44 | 15 0.004 |9.7]145
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