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Abstract

Diverse phytoplankton modulate the coupling between the ocean carbon and nutrient cycles
through life-history traits such as cell size, elemental quotas, and ratios. Biodiversity is mostly
considered at broad functional levels, but major phytoplankton lineages are themselves highly
diverse. As an example, Synechococcus is found in nearly all ocean regions, and we demonstrate
contains extensive intraspecific variation. Here, we grew four closely related Synechococcus
isolates in serially transferred cultures across a range of temperatures (16-25°C) to quantify for
the relative role of intraspecific trait variation vs. environmental change. We report differences in
cell size (p<0.01) as a function of strain and clade (p<0.01). The carbon (Qc), nitrogen (Qw), and

phosphorus (Qp) cell quotas all increased with cell size. Furthermore, cell size has an inverse
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relationship to growth rate. Within our experimental design, temperature alone had a weak
physiological effect on cell quota and elemental ratios. Instead, we find systemic intraspecific
variance of C:N:P, with cell size and N:P having an inverse relationship. Our results suggest a
key role for intraspecific life history traits in determining elemental quotas and stoichiometry. Thus,
the extensive biodiversity harbored within many lineages may modulate the impact of

environmental change on ocean biogeochemical cycles.

Introduction

Phytoplankton link the ocean carbon, nitrogen, and phosphorus cycles through the biomass ratios
of these elements [1-4]. The Redfield ratio describes the oceanic carbon:nitrogen:phosphorus
(C:N:P) stoichiometry and is used in models to assess export and productivity [5,6]. However,
elemental ratios are variable in surface ecosystem [7,8], and ratios in the interior ocean may
change over long-time scales, thereby influencing the ability of the oceans to sequester carbon
relative to other nutrient elements [9]. Small cyanobacteria are currently estimated to account for
approximately 25% of marine net primary production [10]. Therefore, a clear understanding of
how key traits of marine cyanobacteria interact with environmental changes is needed to reduce

uncertainties in ocean models of biogeochemistry and net primary production.

A number of factors are known to influence stoichiometry and elemental quotas.
Latitudinal gradients in nutrient concentrations, temperature and community composition are
dominant predictors of stoichiometry. However, their respective influences are difficult to decipher
and accurately model as they strongly covary in the surface ocean. The nutrient hypothesis
predicts that storage of phosphate (P) in polyphosphates [11] and nitrogen (N) storage in
phycobiliproteins [12—15] are depleted under nutrient limitation, but elemental ratios approach an
optimum under fast-growth when abundances and activities of components like P-rich ribosomes
are high [2,16,17]. Temperature may directly influence the abundance of P-rich ribosomes in cells
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through a compensatory mechanism for reduced transcriptional activity under low temperature
[18]. Future change is projected to cause an increase in sea surface temperatures globally [19].

It is important to assess physiological responses to temperature in a warning world.

Cellular elemental stoichiometry is also known to vary between major phylogenetic groups
[20]. Cell size is a master trait that has significant implications for ecology and biogeochemistry,
as a number of subordinal traits depend upon this key trait [21]. The dominance of small microbes
in the open ocean facilitates rapid cycling of carbon by the microbial loop [22]. Sinking velocity
increases with cell size, and aggregates of cells may form larger particles, which may more rapidly
sink and lead to greater carbon sequestration [23]. The metabolic rate has been reported to scale
inversely with cell size, with the degree of variance dependent on phylogeny [23—-27]. Nutrient
diffusion and uptake are enhanced in smaller cells due to their greater surface area to volume
ratio [23,28]. Thus, cell size may influence elemental stoichiometry through these subordinal
traits. In the open ocean, cell size varies inversely with population abundance [29], thereby
exerting strong influences on ecology and biogeochemical models that rely on abundance
[6,10,30-32]. If temperature deviates from the thermal optimum (Topt), variation in cell size may
occur [23]. Key factors such as temperature and nutrient availability are considered major factors
in determining certain biogeochemical estimates, such as C:N:P and net primary production, but

it is also important to consider cell size [10].

At the genus level, Synechococcus is one of the most productive lineages in the global
ocean and plays an important role at the base of food webs along broad nutrient and thermal
gradients [10]. Within Synechococcus, multiple clades have been cited as being differently
thermally adapted, with some clades more dominant in cold, nutrient-rich water relative to others
[33,34]. Variable thermal optima for growth may be key in contributing to differences in
biogeographical dominance of clades [35] but unknown traits may influence its biogeography.

Variability in cell size among lineages of Synechococcus is known to exist [2,35] but has not been
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thoroughly examined despite the roles that cell size may play in determining cellular growth rate

(u), elemental quotas, and stoichiometry.

Here, we ask the following questions: 1) How does cell size vary between lineages of
Synechococcus? 2) Are elemental quotas and ratios systematically different between strains of
Synechococcus? 3) How does temperature influence growth rate, elemental quotas, and ratios of
Synechococcus? We selected temperature as a factor due to assess the response of
phytoplankton to well-documented current and projected anthropogenic increases in sea surface
temperature [36,37]. We hypothesized cell size, stoichiometry, and elemental quotas would all be
closely and strongly linked to Synechococcus strain identity. We also hypothesized strong thermal
effects on stoichiometry, elemental quotas, and growth rate, as per the translation-compensation
hypothesis, with a greater amount of phosphorus found in cells with elevated growth rates or
under lower experimental temperatures. To test these hypotheses, we examined four
Synechococcus strains, representing a gradient in cell size, from two cold-adapted clades isolated
from three locations across the world: CC9902, BL107 (clade 1V), CC9311, and ROS8604 (clade
I) [38—-41]. We selected four strains from two-cold adapted clades to investigate potential
differences in size, cell quotas, growth rate, and stoichiometry that evolutionary thermal
adaptations alone cannot account for. We present new findings about the potential link between
cell size and phylogeny of Synechococcus, raising new questions about the ecology and

biogeochemistry of picocyanobacteria.

Materials and Methods

Strain information
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Table 1: Synechococcus strain information. The strains used during experimentation are presented

here, with additional information such as clade, location of isolation, isolation depth, previously reported

temperature optimum, our experimentally observed thermal optimum, previously reported thermal ranges,

our experimentally observed range in cell size, our experimentally observed mean cell size, growth in

oligotrophic conditions, iron conditions, light acclimation pigment types and operons, and phosphate

adaptation provided.

[41]

[45]

Strain Clade | Location Isolation Topt Topt Thermal Cell size Cell size | Cell diameter Cell Growth in Fe Light [Phosphate
depth (m) | (reported) | (observed) ranges (FSCH) range | (FSCH) (um) range diameter | oligotrophic |conditionsfacclimation|adaptation
(reported) (sampling) mean (um) conditions pigment
(sampling) mean types and
(sampling) operon
CC9902 \% California 5m N/A 16°C N/A 4639--8021 5636 0.64-0.75 0.67 Mesotrophic | High Fe 3da High [44]
[42,43] | Current [38] [42] [42,44] | (mpeBA)
[45]
BL107 \% Balearic 1800 m | 24°C [46] 22°C 10.37°C- 16126-20826 18999 0.90-0.95 0.93 Oligotrophic. | Low Fe 3da [P ially
[39,43] | Sea[39] 28.4°C [46] [47] adapted | (mpeBA) | low [44]
[47] [45]
CC9311 1[43] | California 95 m 22°C [48] 25°C 10°C-25°C | 33612-105680 | 57968 1.50-1.30 1.15 Mesotrophic | High Fe |3 (cpcBA) | High [44]
Current [40] 48] [47,49] (coastal) [45]
[44,47).
ROS8604 | English 0om 25°C [48] 18°C 10°C-28°C 65927— 74855 1.20-1.30 1.22 N/A 3a
[36,37] | Channel [48,50] [48] 88051 (mpeBA)

Culture conditions

We incubated serially transferred cultures of Synechococcus (CC9311, BL107, ROS8604,

CC9902, representing two clades) (Fig 1, Table 1) in triplicate 1 L flasks at 16°C, 18°C, 20°C,

22°C, 25°C, and 27°C. We supplied ambient light (60 ymol quanta m? s™") using white fluorescent

lamps on a 12:12 light-dark cycle. Culture media (modified artificial sea water) was prepared as

described in Garcia et al. (2016) [2]. To ascertain that we did not impose growth rates upon

cultures and the observed growth rates are a product of strain and environmental conditions, we

used nutrient replete media and sampled prior to cultures encountering nutrient limitation; we
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supplied nitrate (NO3’) and phosphate (PO4%") in concentrations of 125 yM and 10 uM,

respectively. Cells utilized a mean of 17% of the supplied nitrogen, and 22% of the supplied
phosphorus, indicating cultures did not reach nutrient limitation. We transferred media and diluted
cultures using an open flame in a hood in order to avoid contamination. We diluted weekly by
approximately an order of magnitude to avoid nutrient limitation and maintain a stable growth rate.
While other questions, such as the role nutrient limitation and temperature may serve in
determining physiological responses in these strains of Synechococcus, may be posed,
chemostats (a continuous culture method) are likely better suited to answer such questions rather

than our serial transfer methodology [2].

CCo3M

Clade [ (cold-adapted)
ROS8604
€C9902

BL107 Clade IV (cold-adapted)

CC9605
Clade Il (warm-adapted)

L \WH8102 Clade lIl (warm-adapted)

Outgroup

Vibrio cholerae

Fig 1. Phylogeny of examined Synechococcus strains. Color represents clades and the outgroup. Vibrio
cholerae serves as the outgroup for constructed Synechococcus phylogeny. CC9605 and WH8102

represent clades Il and lll, respectively.
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Particulate Organic Matter (POM) Measurements

We measured particulate organic carbon (POC), particulate organic nitrogen (PON), and
particulate organic phosphorus (POP), as well as cell enumeration by flow cytometry, following
the methods outlined in Garcia et al. (2016) [2]. We sampled after seven doublings or one month
to acclimate cells to the temperature conditions. We vacuum filtered POC, PON (150 mL), and
POP (50 mL) samples onto pre-combusted GF/F Whatman glass filters (450°C) at 10 psi. We
dried particulate organic carbon and particulate organic nitrogen samples at 50-80°C for a
minimum of 48 hours and pelletized prior to analysis using a Flash EA 1112 NC Soil Analyzer
(Thermo-Scientific, MA). We rinsed filtered particulate organic phosphorus samples with 0.17 M
NaSO., immersed the filter in 2 mL of MgSQg, dried at 80°C overnight, and combusted at 450°C
for 2 hours. We then added 5 mL of 0.2 M HCI and baked the samples at 80-90°C. We measured
particulate organic phosphorus samples via colorimetric assay following the Bermuda Atlantic
Time-series methodology [51] using a Genesys 10S UV-vis spectrophotometer (Thermo-

Scientific) at 885 nm.

Cell counting

We measured culture cell density every two-three days and immediately prior to sampling
using a NovoCyte 1000 flow cytometer (excitation laser 488 nm, emission peak 575 nm) and
forward scatter. We assessed growth rate using flow cytometry based on increases in biomass
measured across time points using the following equation: y = In(CD2)-In(CD1))/(T2-T1), in which
CD2 and CD1 are cell counts in cells/mL" on the most recent count and the previous count,
respectively, and T2 and T71 represent time points. We accounted for recent dilutions in
accounting for growth rate; we counted cells prior to and after dilutions to ensure growth rate was

accurately assessed. We counted the cells at a flow rate of 35 yL/min. To assess heterotrophic
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populations, we stained the cultures with SYBR Green (Thermo-Fisher) for 15 minutes at room
temperature, vortexed them, and counted using the (excitation laser 488 nm, emission peak 520

nm) channel. We recorded duplicate cell counts at each sampling.

Cell sizing

We measured cell diameter by microscopy under oil immersion at 1000x magnification
using the Axioplan2 and AxioView 1.4.5 sizing software (Carl Zeiss, Goettingen, Germany) with
reference to a staged micrometer (Ted Pella Inc., Redding, CA). To estimate cell diameter, we
created a conversion factor determined by plotting the mean observed cell diameters and mean

forward scatter values for several strains of Synechococcus (Fig 2).

0.8

Aerage cell diameter (um)

0.6

05 10 1.5 20 25 30 35 40455055 x10°
Forward scatter (cell size proxy)

Fig 2. Cell diameter is linked to forward scatter. Cell size measured using flow cytometry (forward

scatter, FSCH) and microscopy are highly correlated (r?=0.83, p=0.001).

Additional thermal information

A literature review suggests the optimum growth in clades | and IV are between 22-25°C

[46,48]. These temperatures are above the minimum temperature used in our experimental
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conditions (16°C). Additionally, these conditions allow us to test the upper thermal limits of strains
in both Clade | and IV, as well as several temperatures below this upper thermal limit [46,48]. We

attempted to probe under which thermal conditions cell growth was enhanced and declined.

Statistical analyses

We used the R statistical software (www.r-project.org) to perform linear discriminant analyses,
analysis of variance, and multivariate analysis of variance analyses. We used the package

PHYLIP (https://evolution.genetics.washington.edu/phylip.html) to construct a phylogenetic tree

using rpoc1 sequences [52-57].

Results

We observed distinct ranges in cell size linked to strain identity and phylogeny, whereas
temperature had weak effects. We found hierarchical effects on Synechococcus cell size. Clade
| strains ROS8604 and CC9311 exhibited the largest cell sizes, while clade IV strains BL107 and
CC9902 were substantially lower in cell size (Table 1, Fig 3). Inter-clade differences in the effects
on cell size were greater than intra-clade effects (Fig 3). However, our results indicated strain
served as a secondary phylogenetic effect on cell size; we observed the widest ranges and
highest coefficient of variation in cell size in CC9311 (S2 and S7 Tables). In contrast to the effects
of clade and strain on cell size, we observed weaker thermal effects on cell size (S1 Table). We

found strain exerted a strong effect on cell size and temperature exerted weak effects on cell size.
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Fig 3. Intraspecific cell size variation among Synechococcus. Ranges in cell size (FSCH) across
strains of Synechococcus. We compared the effects of strain on cell size using a one-way ANOVA and

Tukey’s honest significance difference (HSD) test, represented by compact letter display (CLD).

We next investigated the relative role of intraspecific trait variation vs. temperature on elemental
quotas. The cellular carbon quota (Qc) displayed a strong positive relationship with cell size (Fig
4A). A similar pattern was also seen between cell size and the nitrogen quota (Qn) and the
phosphorus quota (Qp) (Fig 4). As cell sizes were unique among the strains, significant
relationships between all cell quotas and strain identity were seen (S2 Table). However, we did

10
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not find thermal effects alone on Qp, Qc or Qu, but did observe the presence of thermal effects
when other factors, such as strain, were considered for each of these elemental quotas (S4 and
S5 Tables). Synechococcus represented a diversity of elemental quotas within a limited selection
of strains; Qc ranges from 35.4 fg to 520 fg, Qv ranges from 10.0 fg to 96.7 fg, and Qp ranges
from 1.23 fg to 14.7 fg. The Synechococcus strains we studied exhibit elemental quota ranges of
14.7 times for Qc, 9.7 for Qn, and 11.4 for Qp (Fig 4). The degree of variability in elemental quotas
is dependent upon lineage; for example, Clade | strains exhibited a wider range in elemental
quotas than Clade IV strains (Fig 4A and 4C). We found strain exerted strong effects on elemental

quotas, while the role of temperature was weak.
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Fig 4. Elemental quotas scale with cell size across Synechococcus strains. Fig 4A depicts the carbon
cell quota (Qc) with forward scatter, Fig 4B depicts nitrogen cell quota Qn with forward scatter, and Fig 4C
depicts Qp with forward scatter. Elemental quotas are depicted in femtomoles (fmol). Point shape
represents strain plotted. Point color represents temperature. We performed principal component

regressions for each elemental quota and cell size.

The intraspecific differences in cell size influenced stoichiometry, while the degree and precise
nature of the influence varied (Fig 5). We observed significant relationships between strain and
both the C:N and N:P ratios (Fig 5B, S2 Table). In contrast, we found no relationship between
strain and C:P ratio (Fig 5C, S2 Table). However, when stoichiometric response was examined
by clade, we did observe significant differences in N:P and C:P (S3 Table and S3 Fig) but not for
C:N ratio (S3 Table and S3 Fig). We found no effects of temperature alone on the N:P, C:N, or
C:P (S1 Table). While we did not observe a significant relationship between cell size and C:N or
C:P, we did determine a highly significant, inverse relationship between cell size and N:P (Fig 5D-
F, S6 Table). We observed the greatest range in C:N for CC9902 (4.10-10.0), and the lowest
range in C:N in BL107 (6.5-8.0). We found CC9902 was the strain with the greatest range in N:P
(9.6-22.0), with the smallest range found in BL107 (11-19). We found C:N mean values were
6.30 (CC9902), 7.30 (BL107), 8.60 (CC9311), and 6.60 (ROS8604). We observed the lowest C:P
mean (ROS8604, 113.0) for the largest strain examined (CC9902, 155.0; BL107, 145.0; CC9311;

150.0). We found cell size and strain influenced stoichiometry, while thermal effects were weak.
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Fig 5. Interactions between Synechococcus strain and stoichiometry, and cell size and

stoichiometry. We depict effects of strain on N:P (Fig 5A), C:N (Fig 5B), and C:P (Fig 5C) stoichiometry.

We depict effects of cell size on N:P (Fig 5D), C:N (Fig 5E), and C:P (Fig 5F) stoichiometry. Color represents

temperature (Fig 5A-C). We compared the effects of strain on stoichiometry (Fig 5A-C) using a one-way
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ANOVA and Tukey’s honest significance difference (HSD) test, and are represented by compact letter

display (CLD). Elemental ratios were calculated using femtomoles (fmol).

We next detected a link between cell size, growth rate and elemental quotas, with a
weaker influence of temperature. We assessed the cellular phosphorus quota (Qr) and growth
rate at different temperatures in Clade IV and I. We observed an inverse relationship between
growth rate and Qp, Qn, and Qc (Fig 6A-C and S6 Table). Furthermore, growth rate was influenced
by temperature only when strain was also considered as a factor likely reflecting the additional
effect of adaptation (Fig 6D and S5 Table). Cell size and growth rate varied as a function of both
clade and strain, with the two smaller strains (clade IV) demonstrating a greater growth rate than
the two larger strains (clade 1V) (Fig 6E-G, S2 Table, and S4 Table). We found cell size and strain

influenced elemental quotas, with a reduced role for temperature.
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Fig 6. Influence of growth rate on elemental quotas, cell size, and stoichiometry. Growth rate and
elemental quotas Qr (Fig 6A), Qn (Fig 6B), and Qc (Fig 6C), cell size (Fig 6D), N:P (Fig 6E), C:N (Fig 6F),
and C:P (Fig 6G). Color represents temperature (Fig 6A-D) or stoichiometry (Fig 5E-F). Point shape

represents strain. We performed principal component analyses of y and Qe (Fig 6A), Qn (Fig 6B), Qc (Fig

15
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6C) and cell size (Fig 6D), represented by the regression lines. Elemental ratios were calculated using

femtomoles (fmol).

Discussion

We observed substantial intraspecific differences in stoichiometric responses among
Synechococcus strains. We reported higher C:N values relative to previous research conducted
using the warm-adapted clade llla (WH8012 and WH8103) [33,58]. We found lower C:P ranges
in clades | and IV (52- 155) relative to those reported for clade llla (121-165) [58]. However, while
the collective N:P ratios varied between phyla, the grand mean of N:P ratios across all strains of
our nutrient-replete Synechococcus during exponential growth (13.7) aligned with previously
reported values for WH8103 (clade llla) (15) and WH7803 (clade V) (13.3) [58,59]. This alignment
was only observed during the exponential growth phase (in which we collected samples)
emphasizing the importance of growth stage [23,60,61]. Additionally, strains across clade | and
IV consistently deviated from the Redfield proportions, supporting the idea that isolates differ from
the average ratio of 106:16:1 [5,13]. Our findings suggest phylogeny plays a major role in the

stoichiometric response of Synechococcus.

Our estimates of cell size clearly partitioned isolates into distinct size classes within the
commonly identified range for Synechococcus [32]. Our estimates for cell diameter were
considerably smaller than some previous estimates [62]. Cell diameter was inversely related to
growth rate [12,63], perhaps due to differences in surface area to volume ratios [23]. When
combined, low nutrient quotas and high growth rates enable small cells to reach high abundances,
particularly in nutrient-poor waters [64]. However, the advantages of being small are counteracted
by the costs associated with grazing pressure, which accelerates the trophic transfer of carbon

through ecosystems. Conversely, large cells have a higher sinking velocity and relative
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contribution to carbon export [23]. Modeled estimates of net primary production (NPP), which rely
on estimates of Qc (NPP = u x Qc x Ncen) (Ncen represents number of cells) and are typically applied
to broad phytoplankton groups [6,31]; as differences in cell size may affect differences in carbon
flux, our reported variability in cell size within Synechococcus—and the associated linkage with
Qc — highlight the importance of considering strain related variability in Qc. While our results
suggest intraclade differences in cell size (S3 Fig and S3 Table) (clade | strains are larger than
those of clade IV), we only examined two strains from each clade, and additional research is
necessary to more definitively assess this potential relationship. Our results align with previous
literature establishing variability in cell size within related phytoplankton groups [65-67]. Our
results, which indicate a large range in Synechococcus cell size in a small number of strains,
suggest it is important to consider this variability in cell size by phylogeny when modeling net

primary productivity.

We found temperature exerted little to no direct effect on cell quotas and stoichiometry
under nutrient replete serial transfer growth, consistent with previous findings of weak to no
thermal effects on growth under nutrient replete conditions [68,69]. Strain-specific temperature
responses have been reported in Prochlorococcus [60] but the lack of response observed in a
previous study on Synechococcus was proposed to result from studying Synechococcus
exclusively at the genus level, and thus only dominant taxa were assessed [70]. As temperature
is believed to influence the biodiversity and distribution of phytoplankton, and the optimal C:N:P
content is known to vary based on taxonomy or specific oceanic regions [8,20], we also
questioned how C:N:P varies across isolates. Although temperature is thought to affect the C:N:P
ratios of phytoplankton through the translation-compensation hypothesis [18], we did not find this
effect in our assessment of multiple strains of Synechococcus across two clades from three
distinct regions. We report the observation of indirect thermal effects (e.g., thermal effects as a

function of strain). A possible explanation for the lack of strong direct thermal effects may be the
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lack of our experimental assessment of the lower thermal limits of the four Synechococcus strains.
Thus, we are unable to make statements about the lower temperature ranges (i.e., approaching
thermal limits), where Synechococcus may be capable of growth under significant thermal stress.
While we did not probe the lower thermal limits of the Synechococcus strains used in our
experimentation, our results collectively suggest a weak role for thermal effects, which aligns with

previous findings [68,69].

We observed some disparities in previously reported and recorded thermal optima (Table
1). Our reported Topt of CC9311 (22°C) is three degrees lower than that reported by Doré et al.
(25°C) [48]. Research conducted by Breton et al indicates BL107 has a Topt of 24°C [46]. Our
reported BL107 Topt is 22°C; this have arisen as a consequence of our thermal conditions
including 22°C and 25°C rather than 24°C. We observed the largest disparity in previously
reported and our observed Top: in ROS8604; previous literature reports Topt for this strain at 25°C,
while our experimentation yielded a Topt at 18°C [48,50]. Our experimental conditions differed in
several ways, which may contribute to the discrepancies in our results [48]. Our cultures were
grown on a 12 hour light:dark cycle at 60 pmol quanta m™2 s™" in contrast to the continuous lighting
conditions previously used [48,50]. Additionally we used modified Artificial Sea Water medium
rather than PCR S11 [48,50]. The isolation temperature of ROS8604 was lower than those probed
by our experimental conditions (13°C); however, there is reportedly no growth below 14°C [50].
Similarly, the reported thermal minimum for BL107 is 10.37°C [46], and growth declines
considerably below 16°C. We grew Synechococcus within a broad temperature range of 16-27°C,
with 27°C as the upper thermal limit under our experimental conditions. Another explanation is
tied to the serial transfer method of culturing Synechococcus cells. BL107 and CC9311
demonstrated the greatest strain and temperature differences in growth rate at 16°C (S5 Table).
This roughly aligns with findings of Varkey et al. (2016), in which BL107 experiences a decrease

in growth rate at lower temperatures, albeit the lowest temperature probed in our experimentation
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was 16°C rather than 18°C [71]. Here, nutrient levels are elevated possibly resulting in nutrient
storage, which may have obscured the role that temperature may play in determining
physiological response cell quotas and stoichiometry. Thus, a temperature effect may be more
pronounced in polar regions or in conjunction with severe nutrient limitation where nutrient storage
is depleted. While we observed some discrepancies in previously reported thermal optima for the
Synechococcus strains used in our experimentation, our experimental conditions differ in several

ways.

The four Synechococcus strains differ in their background in terms of adaptation to
environmental nutrients, and have distinctive thermal ranges. CC9902 and CC9311 are both
mesotrophic strains of Synechococcus, adapted to higher concentrations of phosphorus and iron,
yet have very distinct physiological responses, which suggests the role of strain is greater than
that of adaptation to environmental nutrients in determining environmental responses (Table 1)
[42,44,47,49]. This becomes more pronounced as BL107 is an oligotrophic strain, yet its cell size
and elemental quotas more closely resemble those of CC9902 (Figs 3-6). As previously reported
thermal ranges for these Synechococcus strains are similar, and thus we believe it is unlikely we
conducted research in drastically different fractions of the upper and lower thermal limits of each

strain (Table 1).

The growth rate hypothesis, as articulated in Elser et al. 2000, posits that variations in
cellular allocation affecting ribosomal abundance alongside growth in turn affects cellular
stoichiometry [72]. The hypothesis states there is an increase in phosphorus and RNA relative to
the amounts of nitrogen and proteins that are present [73]. One specific test of the growth rate
hypothesis emphasizes the relationship between the maximum growth rate (umax) and phosphorus
content [74]. Another way of testing the growth rate hypothesis is in terms of physiology, or growth
rate (u); this test examines a given genotype and subjects this clonal organism to variation in

environmental conditions; our experimentation took a similar approach, using four
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Synechococcus strains and varying temperature [75]. There remains considerable debate
regarding the consistency of the regulation of u across all environmental parameters which may
regulate growth, such as nutrients and temperature [3], with some positing the specific variable
limiting growth may strongly affect the outcome [3,72]. Research with Synechococcus under N
and P limitation indicates nucleic acid phosphorus does not drive Synechococcus stoichiometry
within the ranges of growth examined [2]. Some interpretations of the growth rate hypothesis state
that when temperature controls growth, the increased speed of cellular processes may mask the
effects on stoichiometry [3]. As we report little to no thermal effects (S1 and S5 Tables), the
maximum growth rate should remain the same. Our findings are in agreement with this
interpretation of the growth rate hypothesis, and suggest the overall effect of temperature, both

within and across strains, has a small physiological effect on growth rate (Fig 6).

Phytoplankton play an essential role in biogeochemical cycling through the ratios of
carbon, nitrogen, and phosphorus inside cells. It is crucial to understand the environmental
effects on picocyanobacterial traits in order to provide more accurate projections of net primary
production (NPP) and their contribution to biogeochemical cycling. We provide evidence that
intraspecific variation may play a role in the stoichiometric response and cell size of
Synechococcus. Our findings of distinct size classes within Synechococcus evoke those of other
phytoplankton phyla, and thus underscore the importance of considering intraspecific trait
variation in biogeochemical and productivity models to generate accurate projections of future
changes. Our findings may be used as a foundation for future research for other multi-factorial
experiments, such as determining the role of temperature and nutrient supply on these strains

and clades of phytoplankton in response to projected change.
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Supporting information

$1 Fig. Thermal effects on elemental quotas and stoichiometry of Synechococcus. Statistical analysis
was performed using ANOVA. Points are colored by strain. Horizontal lines represent the median value for
elemental quotas or stoichiometry. Regions highlighted in yellow represent the experimental conditions at

which the highest growth rate was recorded.

S2 Fig. Continued biomass growth past sampling date without addition of further nutrient supply
indicates Synechococcus cultures used are nutrient replete. Strain is represented by point color,

sampling day (BL107, CC9311: day 14, ROS8604, CC9902: day 40) is highlighted in yellow.
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S3 Fig. Cell size is linked to Synechococcus clade. Ranges in cell size (FSCH) across clade IV and | of
Synechococcus. We compared the effects of clade on cell size using a one-way ANOVA and Tukey’s

610 honest significance difference (HSD) test and are represented by compact letter display (CLD).

S4 Fig. N:P and C:P is linked to Synechococcus clade. Ranges in stoichiometry across clade IV and |
of Synechococcus. We compared the effects of clade on stoichiometry using a one-way ANOVA and

Tukey’s honest significance difference test (HSD), and are represented by compact letter display (CLD).

S1 Table. One-way ANOVA (temperature) analyses for Synechococcus experiments. Significance is

615  denoted with an asterisk (*).

S2 Table. One-way ANOVA (strain) analyses for Synechococcus experiments. Significance is

denoted with an asterisk (*).

S3 Table. One-way ANOVA (clade) analyses for Synechococcus experiments. Significance is

denoted with an asterisk (*).

620 S4 Table. Two-way ANOVAs for Synechococcus experiments (clade, temperature). We performed
two-way ANOVAs to assess the effects of multiple independent variables on a dependent variable.

Significance is denoted with an asterisk (*).

S5 Table. Two-way ANOVAs for Synechococcus experiments (strain, temperature). We performed
two-way ANOVAs to assess the effects of multiple independent variables on a dependent variable.

625  Significance is denoted with an asterisk (*).

S6 Table. Principal component regressions and logarithmic regression for Synechococcus

experiments. Significance is denoted with an asterisk (*).

S7 Table. Coefficient of variation in cell size of Synechococcus strains.

S8 Table. Minimal data set.
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$1 Fig. Thermal effects on elemental quotas and stoichiometry of Synechococcus. Statistical analysis
was performed using ANOVA. Points are colored by strain. Horizontal lines represent the median value for
5 elemental quotas or stoichiometry. Regions highlighted in yellow represent the experimental conditions at

which the highest growth rate was recorded.
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S2 Fig. Continued biomass growth past sampling date without addition of further nutrient supply
indicates Synechococcus cultures used are nutrient replete. Strain is represented by point color,

10  sampling day (BL107, CC9311: day 14, ROS8604, CC9902: day 40) is highlighted in yellow.
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Clade

S3 Fig. Cell size is linked to Synechococcus clade. Ranges in cell size (FSCH) across clade IV and | of
Synechococcus. We compared the effects of clade on cell size using a one-way ANOVA and Tukey’s

honest significance difference (HSD) test and are represented by compact letter display (CLD).
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Clade

S4 Fig. N:P and C:P is linked to Synechococcus clade. Ranges in stoichiometry across clade IV and |
of Synechococcus. We compared the effects of clade on stoichiometry using a one-way ANOVA and

Tukey’s honest significance difference test (HSD), and are represented by compact letter display (CLD).

S1 Table. One-way ANOVA (temperature) analyses for Synechococcus experiments. Significance is

denoted with an asterisk (*).
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Statistical Independent Dependent Results | Post hoc test (Tukey
analysis variables variables HSD, CLD)
One-way Temperature Cell size p=0.25 N/A
ANOVA
One-way Temperature u p=0.13 N/A
ANOVA
One-way Temperature Qc p=0.45 N/A
ANOVA
One-way Temperature Qn p=0.65 N/A
ANOVA
One-way Temperature Qp p =0.67 N/A
ANOVA
One-way Temperature N:P p=0.50 N/A
ANOVA
One-way Temperature C:N p =0.89 N/A
ANOVA
One-way Temperature C:P p =0.52 N/A
ANOVA

S2 Table. One-way ANOVA (strain) analyses for Synechococcus experiments. Significance is

denoted with an asterisk (*).

Statistical analysis

Independent
variables

Dependent
variables

Results

Post hoc test (Tukey
HSD, CLD)

One-way ANOVA

Strain

Cell size

p<0.01*

ROS8604: a
CC9311: b
BL107: ¢
CC9902: ¢

One-way ANOVA

Strain

p<0.01*

ROS8604: b
CC9311: a
BL107: a
CC9902: a

One-way ANOVA

Strain

Qc

p <0.01*

ROS8604: a
CC9311:a
BL107:b
CC9902: b

One-way ANOVA

Strain

Qn

p <0.01*

ROS8604: a
CC9311: b
BL107: ¢
CC9902: ¢

One-way ANOVA

Strain

Qp

p <0.01*

ROS8604: a
CC9311: b
BL107: ¢
CC9902: d

One-way ANOVA

Strain

N:P

p<0.01*

ROS8604: ab
CC9902: a
BL107: a
CC9311: b

One-way ANOVA

Strain

C:N

p<0.01*

ROS8604: b
CC9902: b
BL107:b
CC9311:a

One-way ANOVA

Strain

C:P

p=0.07

N/A
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S3 Table. One-way ANOVA (clade) analyses for Synechococcus experiments. Significance is

denoted with an asterisk (*).

Statistical analysis Independent Dependent Results Post hoc test (Tukey

variables variables HSD, CLD)

One-way ANOVA Clade Cell size p<0.01* Clade IV: a
Clade I: b

One-way ANOVA Clade u p< 0.01* Clade IV: a
Clade I: b

One-way ANOVA Clade Qc p<0.01* Clade IV: a
Clade I: b

One-way ANOVA Clade Qn P<0.01* Clade IV: a
Clade I: b

One-way ANOVA Clade Qe p<0.01* Clade IV: a
Clade I: b

One-way ANOVA Clade N:P p<0.01* Clade IV: a
Clade I: b

One-way ANOVA Clade C:N p=0.05 Clade IV: a
Clade I: b

One-way ANOVA Clade C:P p<0.01* Clade IV: a
Clade I: b

One-way ANOVA Clade Cell size p<0.01* Clade IV: a
Clade I: b




S4 Table. Two-way ANOVAs for Synechococcus experiments (clade, temperature). We performed
two-way ANOVAs to assess the effects of multiple independent variables on a dependent variable.

Significance is denoted with an asterisk (*).

Statistical analysis Independent variables Dependent Results Post hoc test (Tukey HSD,
variables CLD)
Two-way ANOVA Clade, temperature Cell size Clade: Clade:
p<2e-16* Clade IV: a
Temp Clade I: b
p<0.01* Temperature:
Clade:Temperature 16°C: ab
p=0.01* 18°C: a
20°C: ab
22°C:b
25°C:b
Clade:Temperature
Clade IV, 16°C: d
Clade IV, 18°C: d
Clade IV, 20°C: d
Clade IV, 22°C: d
Clade IV, 25°C: d
Clade I, 16°C: ab
Clade |, 18°C: a
Clade |, 20°C: abc
Clade |, 22°C: ¢
Clade |, 25°C: bc
Two-way ANOVA Clade, temperature Qc Clade: Clade:
p<0.01* Clade IV: a
Temperature: Clade I: b
p=0.09 Temperature:
Clade:Temperature N/A
p=0.23 Clade:Temperature:
N/A
Two-way ANOVA Clade, temperature Qn Clade: Clade:
p=<0.01* Clade IV: a
Temperature: Clade I: b
p=0.53 Temperature:
Clade:Temperature N/A
p=0.87 Clade:Temperature:
Two-way ANOVA Clade, temperature Qr Clade: Clade:
p<0.01* Clade IV: a
Clade I: b
Temperature: Temperature:
p=0.07 N/A
Clade:Temperature Clade:Temperature:
p=0.41 N/A
Two-way ANOVA Clade, temperature C:N Clade: Clade:
p=0.06 N/A
Temperature: Temperature:
p=0.71 N/A
Strain:Temperature: Clade:Temperature:
p=0.61 N/A
Two-way ANOVA Clade, temperature N:P Clade: Clade:
p<0.01* Clade IV: a
Temperature: Clade I: b
p=0.751 Temperature:
Clade:Temperature: N/A
p=0.933 Clade:Temperature:
N/A
Two-way ANOVA Clade, temperature C:P Clade: Clade:
p<0.02* Clade IV: a
Temperature: Clade I: b
p=0.56 Temperature:
Clade:Temperature: N/A
p=0.60 Clade:Temperature:
N/A
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S5 Table. Two-way ANOVAs for Synechococcus experiments (strain, temperature). We performed

two-way ANOVAs to assess the effects of multiple independent variables on a dependent variable.

Significance is denoted with an asterisk (*).

Statistical analysis

Independent variables

Dependent
variables

Results

Post hoc test (Tukey HSD,
CLD)

Two-way ANOVA

Strain, temperature

Cell size

Strain:
p<2e-16*
Temperature:
p<6.91e-13*
Strain:Temperature
p <2.72e-15*

Strain:
CC9902: d
BL107: ¢
CC9311:b
ROS8604: a
Temperature:
16°C:d
18°C: b
20°C:b
22°C:c
25°C: be
Strain:Temperature:
CC9311, 16°C: bc
CC9311, 18°C: a
CC9311, 20°C: d
CC9311, 22°C: d
CC9311:25°C: d
ROS8604, 20°C: b
ROS8604, 16°C: bc
ROS8604, 18°C: bc
ROS8604, 20°C: b
ROS8604, 22°C: ¢
ROS8604, 25°C: bc
CC9902, 16°C: fg
CC9902, 18°C: efg
CC9902, 20°C: g
CC9902, 22°C: fg
CC9902, 25°C: efg
BL107, 16°C: e
BL107, 18°C: ef
BL107,20°C: e
BL107,22°C: e
BL107, 25°C: e

Two-way ANOVA

Strain, temperature

Strain:
p<0.01*
Temperature:
p<0.01*
Strain:Temperature
p<0.01*

Strain:
CC9902: a
BL107: ab
CC9311:b

ROS8604: ¢

Temperature:
16°C: b
18°C:
20°C:
22°C:
25°C:

00T

Strain:Temperature
CC9902:16°C: a
CC9902:18°C: a

CC9902:20°C: abcde

CC9902:22°C: abc

CC9902:25°C: abcd
BL107:16°C: def
BL107:18°C:ab
BL107:20°C: ab

BL107:22°C: a
BL107:25°C: abc

CC9311:16°C: cdef

CC9311:18°C:bcde

CC9311:20°C: bcde
CC9311:22°C:a

CC9311:25° a
ROS8604:16°C: cdef
ROS8604:18°C: abcd

ROS8604:20°C: ef

ROS8604:20°C: ef
ROS8604:22°C:f

ROS8604:25°C: abcde

Two-way ANOVA

Strain, Temperature

Qc

Strain:
p<0.01*
Temperature:
p=<0.01*
Strain:Temperature
p<0.01*

Strain:
CC9902: d
BL107: ¢
CC9311: b
ROS8604: a
Temperature:
16°a
18°a
20° ab
22°b




25° ab
Strain:Temperature:
CC9902:16°C: f
CC9902:18°C: def
CC9902:20°C: f
CC9902:22°C f
CC9902:25°C: ef
BL107:16°C: cdef
BL107:18°C: def
BL107:20°C: def
BL107:22°C: def
BL107:25°C: def
CC9311:16°C: a
CC9311:18°C: a
CC9311:20°C: bed
CC9311:22°C: cdef
CC9311:25°C: bcde
ROS8604:16°C: abc
ROS8604:18°C: abc
ROS8604:20°C: a
ROS8604:25°C: ab
ROS8604:22°C: ab

Two-way ANOVA Strain, Temperature Qn Strain: Strain:
p<0.01* CC9902: d
Temperature: BL107: ¢
p=0.24 CC9311:b
Strain:Temperature ROS8604: a
p=0.15 Temperature:
N/A
Strain:Temperature:
N/A
Two-way ANOVA Strain, Temperature Qr Strain: Strain:
p<0.01* CC9902: d
Temperature: BL107: ¢
p<0.01* CC9311:b
Strain:Temperature: ROS8604: a
p<0.01* Temperature:
16°C: c
18°C: ab
20°C: a
22°C:b
25°C: ab
Strain:Temperature:
CC9902:16°C: |
CC9902:18°C: ghi
CC9902:20°C: i
CC9902:22°C: i
CC9902:25°C: hi
BL107:16°C: efg
BL107:18°C: fghi
BL107:20°C: fghi
BL107:22°C: ghi
BL107:25°C: ghi
CC9311:16°C: ab
CC9311:18°C: abc
CC9311:20°C: cde
CC9311:25°C: def
CC9311:22°C: efgh
ROS8604:16°C: ab
ROS8604:18°C: bed
ROS8604:20°C: a
ROS8604:22°C: abc
ROS8604:25°C: abc
Two-way ANOVA Strain, temperature C:N Strain: Strain:
p<0.01* CC9902: b
Temperature: BL107: b
p=0.67 CC9311: a
Strain:Temperature: ROS8604: b
p=0.31 Temperature:
N/A
Strain:Temperature:
N/A
Two-way ANOVA Strain, temperature C:P Strain: Strain:
p=0.06 N/A
Temperature: Temperature:
p=0.48 N/A
Strain:Temperature Strain:Temperature
p=0.27 N/A
Two-way ANOVA Strain, temperature N:P Strain: Strain:
p<0.01* CC9902: a
Temperature: BL107: ab
p=0.6868 CC9311:b
Strain:Temperature: ROS8604: ab
p=0.72 Temperature:
N/A

Strain:Temperature:
N/A
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S6 Table. Principal component regressions and logarithmic regression for Synechococcus

experiments. Significance is denoted with an asterisk (*).

Statistical analysis Independent Dependent Results
variables variables
Principal component Cell size Qc r=0.96
regression p <0.01*
y =4.9 + 0.00038x
Principal component Cell size Qn r=0.89
regression p <0.01*
y=0.77 + 4.9 x 105
Principal component Cell size Qp r=0.94
regression p <0.01*
y =0.05+4.1 x 10%
Principal component Qc 7] R =-0.61
regression p <0.01*
y=0.43 -0.01x
Principal component Qn 7] =-0.64
regression p=<0.01*
y = 0.44 — 0.045x
Principal component Qp 7] =-0.68
regression p<0.01*
y=0.44 — 0.61x
Principal component Cell size u =-0.57
regression p<0.01*
y=0.4-2.2 x 10%x
Principal component Cell size N:P r=0.35
regression p=0.01*
y=15-4x10-5x
Principal component Cell size C:N r=0.24
regression p=0.09
y=6.9+1.1x10"°x
Principal component Cell size C:P r=-0.21
regression p=0.14
y=100-0.002x
Logarithmic Cell diameter (um) Cell size r’=0.90887
regression y =0.21In(x) -1.14
p <0.01*

S7 Table. Coefficient of variation in cell size of Synechococcus strains.




Strain

Coefficient of Variation

CC9902

21.5%

BL107

8.37%

CC9311

43.8%

ROS8604

10.2%

S8 Table. Minimal data set.

Rep | Te Stra |[Cla |[GR [QN |QP |QC |FSC |[CN |NP |CP |um | Gra | Gra | Gra
mp | in de H ms ms ms

N P (o
1 16 BL1 | IV 030 | 202 | 018 | 151 [ 198 |7.47 | 111 | 834 | 0.94 | 2.83 | 5.62 | 1.82
07 977 | 704 | 161 | 604 | 77 910 | 613 | 765 |5 922 | 526 | 092

1 4 4 7 4 2 E- E- E-

14 15 13
2 16 BL1 | IV 018 | 215 | 019 | 1563 [ 200 |7.12 | 11.2 | 80.0 | 0.94 | 3.01 | 593 | 1.84
07 849 | 378 | 161 | 478 | 16 597 | 404 | 994 |6 674 | 487 | 343

7 4 2 9 8 3 E- E- E-

14 15 13

11




16 | BL1 | IV | 009 |225|020 | 155 |205 |6.91 | 109 | 755 | 0.95 | 3.15 | 6.38 | 1.87
07 388 |48 | 625 | 877 815|314 | 319 |742 |2 823 | 858 | 225

7 8 6 7 6 1 E- |E- |E-

14 |15 |13

18 | BL1 | IV | 042 |1.76 | 0.13 | 128 | 167 |7.29 | 12.7 | 92.8 | 0.90 | 2.47 | 429 | 1.54
07 734 | 672 | 882 |83 |37 |203 |266 |029 |8 46E | 981 | 738

5 3 1 3 2 5 14 |E- |E-

15 |13

18 | BL1 | IV |039 165|011 | 114 | 165 |6.87 | 143 | 98.8 | 0.90 | 2.32 | 3.57 | 1.36
07 245 | 783 | 539 | 058 | 455 | 998 | 672 | 464 |6 208 | 406 | 996

5 5 8 2 5 E- |E- |E-

14 |15 |13

18 | BL1 | IV |037 | 155|011 | 100 | 161 |6.45 | 13.1 | 845 | 0.90 | 2.18 | 3.68 | 1.20
07 257 | 812 | 886 | 550 |26 |327 | 089 | 955 |1 242 | 154 | 771

6 9 3 6 3 7 E- |E- |E-

14 |15 |13

20 |[BL1 | IV |042 | 173|011 | 136|192 |7.89 | 154 | 122. | 0.93 | 2.42 | 3.46 | 1.64
07 734 | 146 | 181 | 696 |30.5 | 484 | 856 | 256 |8 521 | 32E | 186

5 2 1 3 7 6 9 E- |-15 |E-

14 13

20 |[BL1 | IV |039|201|012 | 144|189 |7.16 | 163 | 117. | 0.93 | 2.82 | 3.81 | 1.73
07 245 | 469 | 322 | 303 |37 |255 | 500 | 108 |4 193 | 667 | 323

5 9 3 9 3 6 2 E- |E- |E-

14 |15 |13

12




20 BL1 | IV 037 | 191 | 0.13 | 13.3 | 203 | 6.98 | 14.3 | 99.9 | 0.95 | 2.68 | 4.15 | 1.60
07 257 | 885 | 409 | 976 | 80 208 | 099 | 128 768 | 336 | 919

6 6 3 7 E- E- E-

14 15 13
22 BL1 | IV 046 | 148 | 0.11 | 119 | 181 | 8.01 | 126 | 101. | 0.92 | 2.08 | 3.63 | 1.42
07 881 | 500 | 731 | 019 |77 474 | 585 | 455 | 6 E- 359 | 954

9 1 2 1 9 3 14 E- E-

15 13
22 BL1 | IV 044 | 144 | 0.08 | 114 | 181 | 7.87 | 179 | 141. | 0.92 | 2.03 | 249 | 1.37
07 798 | 936 | 057 | 164 | 30 687 | 873 | 684 |5 009 | 577 | 123

1 7 7 8 1 7 2 E- E- E-

14 15 13
22 BL1 | IV 0.38 | 1.50 | 0.11 | 10.2 | 184 | 6.78 | 12.7 | 86.3 | 0.92 | 2.10 | 3.66 | 1.22
07 218 | 570 | 831 | 145 | 00 389 | 258 | 305 |8 9E- | 479 | 687

6 9 6 8 3 14 E- E-

15 13
25 BL1 | IV 045 | 166 | 0.11 | 128 | 203 | 7.72 | 146 | 113. | 0.95 | 2.32 | 3.51 | 1.54
07 285 | 303 | 352 | 444 | 064 349 | 491 | 142 936 | 627 | 274

5 1 4 2 8 3 5 E- E- E-

14 15 13
25 BL1 | IV 032 | 1.96 | 0.10 | 14.8 | 208 | 7.57 | 19.1 | 145. | 0.95 | 2.74 | 3.17 | 1.78
07 066 | 294 | 259 | 769 | 26 891 | 331 | 008 | 4 944 | 772 | 688

3 5 4 9 5 6 6 E- E- E-

14 15 13

13




25 BL1 | IV 0.33 | 1.82 | 0.09 | 12.2 | 206 | 6.69 | 18.3 | 123. | 0.95 | 2.55 | 3.07 | 1.46
07 670 | 515 | 936 | 282 | 505 | 983 | 675 | 059 |3 644 | 781 | 873

6 3 8 2 4 6 6 E- E- E-

14 15 13
16 CC9 | | 021 | 423 | 0.37 | 40.5 | 775 | 9.57 | 11.2 | 107. | 1.23 | 5.92 | 1.16 | 4.86
311 746 | 276 | 562 | 280 | 71 484 | 685 | 894 |1 871 | 345 | 782

2 4 5 4 1 9 9 E- E- E-

14 14 13
16 CC9 | | 019 | 419 | 043 | 38.8 | 791 | 9.25 | 9.50 | 88.8 | 1.23 | 5.87 | 1.35 | 4.66
311 308 | 531 | 704 | 114 | 695 | 112 | 919 | 033 |6 626 | 371 | 164

9 8 9 1 4 3 3 E- E- E-

14 14 13
18 CC9 | | 0.16 | 4.54 | 0.47 | 431 | 978 | 9.49 | 957 | 90.9 | 1.28 | 6.36 | 1.46 | 5.18
311 020 | 392 | 453 | 489 | 37 596 | 547 | 284 454 | 982 | 262

2 2 7 3 6 8 2 E- E- E-

14 14 13
18 CC9 | | 028 | 476 | 0.28 | 42.7 | 105 | 8.95 | 16.7 | 149. | 1.29 | 6.67 | 8.82 | 5.13
311 804 | 753 | 507 | 132 | 680 | 918 | 237 | 831 |8 775 | 987 | 029

9 6 6 3 3 5 1 E- E- E-

14 15 13
18 CC9 | | 025 | 3.51 | 0.32 | 324 | 856 | 9.24 | 10.9 | 101. | 1.25 | 4.92 | 9.91 | 3.90
311 371 | 291 | 016 | 866 | 59 779 | 721 | 468 | 2 043 | 676 | 197

2 6 7 5 4 1 E- E- E-

14 15 13

14




20 | cco 0.24 | 2.51 | 0.26 | 21.6 | 443 | 8.62 | 9.37 | 80.8 | 1.11 | 3.51 | 8.29 | 2.60
311 044 | 082 | 773 | 554 |89 |483 | 797 | 835 |4 684 | 281 | 104

9 9 7 8 4 8 E- |E- |E-

14 |15 |13

20 | cco 0.24 | 2.88 | 0.26 | 22.6 | 449 | 7.87 | 10.7 | 84.6 | 1.11 | 4.03 | 8.29 | 2.72
311 522 | 085 |79 | 789 | 495|228 | 534 | 544 |6 513 | 788 | 397

9 9 5 9 7 2 E- |E- |E-

14 |15 |13

20 | cco 0.24 | 2.82 | 0.25 | 20.9 | 445 | 7.40 | 11.2 | 835 | 1.11 | 3.95 | 7.76 | 2.51
311 646 | 655 | 053 | 343 | 385 | 630 | 820 |583 |5 908 | 003 | 442

8 6 4 1 6 E- |E- |E-

14 |15 |13

22 | cco 041 | 1.26 | 0.19 | 14.2 | 340 | 11.1 | 6.42 | 71.8 | 1.05 | 1.77 | 6.12 | 1.70
311 182 | 957 | 769 | 065 | 18.5 | 899 | 197 | 617 |8 826 | 328 | 635

6 6 2 3 8 6 9 E- |E- |E-

14 |15 |13

22 | cco 0.39 | 2.18 | 0.14 | 17.3 | 336 | 7.94 | 146 | 115. | 1.05 | 3.05 | 4.62 | 2.08
311 791 | 151 | 940 | 304 |12 |422 | 010 | 994 |8 558 | 772 | 155

2 8 3 4 E- |E- |E-

14 |15 |13

22 | cco 045 | 2.36 | 0.20 | 16.7 | 344 | 7.05 | 11.4 | 80.7 | 1.05 | 3.31 | 6.40 | 2.00
311 048 | 782 | 687 | 099 |52 |709 |457 | 739 |5 654 | 763 | 703

7 2 3 5 7 8 9 E- |E- |E-

14 |15 |13

15




25 CC9 | | 043 | 3.63 | 0.27 | 24.0 | 428 | 6.62 | 13.2 | 874 | 1.10 | 5.08 | 8.51 | 2.88
311 381 | 139 | 494 | 454 | 315 | 154 | 075 | 541 |7 638 | 62E | 81E
9 3 9 2 2 2 2 E- -15 | 13
14
25 CC9 | | 044 | 1.50 | 0.20 | 16.0 | 428 | 10.6 | 7.47 | 79.6 | 1.10 | 2.10 | 6.24 | 1.92
311 838 | 621 | 156 | 574 | 89.5 | 607 | 280 | 658 |7 971 | 307 | 866
8 8 4 7 8 8 E- E- E-
14 15 13
25 CC9 | | 043 | 3.31 | 0.21 | 22.6 | 439 | 6.82 | 16.2 | 104. | 1.11 | 4.64 | 6.73 | 2.71
311 642 | 659 | 753 | 401 | 495 | 631 | 463 | 076 | 2 546 | 786 | 931
6 5 4 3 8 1 1 E- E- E-
14 15 13
16 CC9 | IV 048 | 1.02 | 0.06 | 7.31 | 588 | 7.15 | 16.3 | 109. | 0.68 | 1.43 | 2.06 | 8.78
902 131 | 238 | 669 | 721 | 1 698 | 296 | 713 |8 203 | 576 | 871
7 8 4 8 4 7 E- E- E-
14 15 14
16 CC9 | IV 0.36 | 0.93 | 0.04 | 6.44 | 474 | 6.86 | 22.6 | 155. | 0.64 | 1.31 | 1.28 | 7.74
902 615 | 840 | 144 | 678 |45 |995 | 397 | 534 |3 439 | 384 | 323
8 2 9 8 9 4 E- E- E-
14 15 14
16 CC9 | IV 043 | 0.95 | 0.06 | 6.45 | 625 | 6.75 | 13.6 | 924 | 0.70 | 1.33 | 2.16 | 7.74
902 220 | 458 | 978 | 030 | 2 721 | 786 | 297 | 1 705 | 154 | 746
3 1 6 4 3 8 5 E- E- E-
14 15 14

16




18 | cco|Iv |050 |1.03|0.05|7.03|504 |6.82|19.5|133. |0.65 | 1.44 | 1.63 | 8.44
902 257 | 046 | 263 | 149 |55 |359 | 764 | 581 |7 335 | 04E | 553
9 8 8 7 7 5 8 E- |-15 | E-
14 14
20 |CCO|IV |0.28 (104|006 |597 |472 | 571|150 | 858 |0.64 | 1.46 | 2.15 | 7.17
902 464 | 438 | 954 | 186 |35 |804 | 167 | 663 |2 284 | 417 | 28E
7 9 8 1 5 2 E- |E- |-14
14 |15
20 |CCO|IV |0.26 (109|006 572|463 | 524 | 16.8 | 88.6 | 0.63 | 1.52 | 2.00 | 6.87
902 903 | 221 | 463 | 760 |85 |403 | 985 | 163 |8 983 | 195 | 942
5 3 4 3 5 5 E- |E- |E-
14 |15 |14
20 |CCO|IV |027|1.02]|005|658 |474 |6.44 | 17.1 | 110. | 0.64 | 1.43 | 1.84 | 7.90
902 487 | 184 | 944 | 304 |9 230 | 893 | 739 |3 127 | 128 | 689
3 5 6 8 7 2 E- |E- |E-
14 |15 |14
22 |Ccco|IV |0.36 (119|005 |7.05|543 | 592 |21.0 | 124. | 0.67 | 1.66 | 1.75 | 8.47
902 494 | 128 | 653 | 278 |25 |034 |725 | 756 |1 859 | 102 | 11E
7 2 5 3 6 E- |E- |-14
14 |15
22 |Ccco|IV |0.39|087|005|600|521 |689|153 | 106. | 0.66 | 1.21 | 1.75 | 7.20
902 331 | 034 | 653 258 |5 675 | 955 | 179 |3 907 | 102 | 97E
8 8 2 1 9 7 5 E- |E- |-14
14 |15

17




22 | CCO|IV 0.32 | 0.71 | 0.05 | 2.94 | 493 | 4.14 | 125 | 52.1 | 0.65 | 9.95 | 1.75 | 3.53
902 977 | 081 | 653 |648 |75 |52 |736 |202 |2 621 | 102 | 902

4 8 2 1 4 5 E- E- E-

15 |15 |14

25 | CC9 | IV 0.36 | 0.73 | 0.07 | 7.54 | 802 | 10.2 | 9.56 | 98.3 | 0.75 | 1.02 | 2.37 | 9.05
902 494 | 377 |67 | 116 |1 772 | 674 | 195 |3 778 | 57E | 769

7 4 2 5 7 E- 15 | E-

14 14

25 | CC9O | IV 0.39 | 1.02 | 0.05 | 7.56 | 799 | 7.35 | 17.7 | 130. | 0.75 | 1.44 | 1.79 | 9.08
902 331 | 864 | 779 | 134 |2 077 | 986 | 834 |3 079 | 008 | 193

8 5 3 2 6 7 1 E- E- E-

14 |15 |14

16 | RO || 0.15 | 474 | 043 | 32.7 | 776 | 6.90 | 10.8 | 75.0 | 1.23 | 6.64 | 1.35 | 3.93
S86 714 | 240 | 602 | 362 |44 | 288 | 765 |795 |2 255 | 052 | 195
04 2 7 1 8 1 5 6 E- E- E-

14 |14 |13

18 | RO || 0.17 | 494 | 031 | 315 | 712 | 6.38 | 15.6 | 100. | 1.21 | 6.92 | 9.76 | 3.78
S86 279 | 082 | 526 | 271 | 035|094 |720 | 002 |3 047 | 489 | 672
04 6 5 3 1 1 7 5 E- E- E-

14 |15 |13

18 | RO || 0.36 | 543 | 0.36 | 34.7 | 880 | 6.39 | 14.7 | 942 | 1.25 | 7.61 | 1.14 | 4.17
S86 131 | 755 | 889 | 700 |51 |442 399 |534 |9 622 | 262 | 623

04 6 5 9 3 4 4 2 E- E- E-

14 |14 |13

18




18 RO 0.36 | 285 | 0.24 | 17.2 | 698 | 6.03 | 11.7 | 70.9 | 1.21 | 3.99 | 7.50 | 2.06
S86 672 | 054 | 233 | 047 | 63 569 | 629 | 966 267 | 592 | 646
04 2 2 1 2 5 9 3 E- E- E-
14 15 13
20 RO 0.15 | 3.59 | 0.43 | 32.6 | 826 | 9.06 | 8.30 | 75.2 | 1.24 | 5.04 | 1.34 | 3.92
S86 557 | 987 | 359 | 397 | 135|691 | 231 | 763 |5 224 | 302 | 036
04 3 9 9 9 2 7 8 E- E- E-
14 14 13
20 RO 0.10 | 6.90 | 0.43 | 42.3 | 816 | 6.13 | 169 | 97.7 | 1.24 | 9.67 | 1.34 | 5.08
S86 950 | 558 | 359 | 686 | 78 542 | 261 | 139 |3 244 | 302 | 89E
04 5 4 9 8 4 9 E- E- -13
14 14
20 RO 0.11 | 6.61 | 0.46 | 36.4 | 805 | 551 | 143 | 78.8 | 1.24 | 9.26 | 1.43 | 4.38
S86 971 | 793 | 265 | 701 | 20.5 | 080 | 042 | 278 955 | 302 | 043
04 5 9 6 8 7 3 6 E- E- E-
14 14 13
22 RO 0.04 | 456 | 0.36 | 29.7 | 659 | 6.50 | 12.4 | 80.9 | 1.19 | 6.40 | 1.13 | 3.57
S86 457 | 929 | 711 | 234 | 265 | 504 | 464 | 644 | 8 007 | 71E | 008
04 5 7 3 4 1 4 E- -14 | E-
14 13
22 RO 0.03 | 531 | 0.36 | 31.6 | 661 | 595 | 144 | 86.2 | 1.19 | 7.44 | 1.13 | 3.80
S86 443 | 785 | 711 | 613 | 625 | 378 | 854 | 431 | 8 855 | 71E | 284
04 1 7 3 2 3 2 E- -14 | E-
14 13

19




2 25 RO 0.30 | 6.57 | 0.38 | 43.2 | 730 | 6.58 | 17.1 | 112. | 1.21 | 9.20 | 1.18 | 5.20
S86 438 | 260 | 393 | 955 | 245 | 727 | 190 | 767 |9 605 | 919 | 023

04 3 8 6 5 2 3 7 E- E- E-

14 14 13
3 25 RO 0.30 | 3.84 | 0.38 | 25.7 | 667 | 6.69 | 10.0 | 67.5 | 1.2 539 | 1.18 | 3.09
S86 064 | 913 | 167 | 616 | 17 283 | 874 | 138 137 | 188 | 423

04 2 6 5 4 7 8 8 E- E- E-

14 14 13

60

20




