. : : Analysis
Grap hlcal AbStraCt b%gf};\::?{;hi{m Comp Utatlonal MOdellng Of PhytOplankton Dynamlcs 11’ SmIl{lng(I)lllgS\:/ariable R* Values: 0.077- 0.847 (Figure 1; Figure 2)

e @[@\ : : : : : : = — Model Fitness Varies Depends Upon Parameter
oresent Future with Climatic and Ecological Ramifications e~ it sty =P R

Computational Apparatus ; :
CO Alternative Regression Methods Necessary
2 1. Model Validation

2. Driving Parameters = Viable Forecasting Strategy—Crucial For Decision-Making (e.g., Algal blooms)

lirceston skt Bmes | \ 'L Abhinav K. Sharma Key Flndlng8: Linear Regression Models:

(V)
% L ‘ 5. ECOlOglcal Ran.“'ﬂcations . . . . . %) - » . K . . 4 . . y
% @%ﬁj L v 6. Climatic Ramifications f ﬁ dVl SOT" Df. I( evin Cr 0 th erS, PhD . Accuracy of time series models for environmental parameters tested - Ijeolj:ft il({)nzﬁlilll)l:s( ;a{;]o:i i)-values poor predictors, but significant directional
2 ] W
o
¢

\ /\/\ /\ (e.g., OXygen, pH, etc.) varies greaﬂy' - Negative correlation with temperature (Figure 3) suggests a loss in
A" a | | ‘ There exist signiﬁcant directional relationships between parameters and phytoplankton biomass and reduction in primary production capabilities
N & Tes (Berwyn, 2018)

f' 1. Sinusoidal Regression \/\/\/\/\/\/\ B ’fe%\\?;?;; : Rese archable Que Stlon‘ phytop lanktog primary p rOdU’Cth.n and blomass, though they are not This means less CO, sequestration, nutrient cycling, and trophic energy for
2. Linear Regression T l ‘o0 A effective predICtorS of these metrics. marine food webs

3. PCA/Covariance Matrices | .’.‘%'"‘f | How can the causes and effects of Changing P hytOp lankton 3. Ata global scale, pH, followed by salintiy and pressure, are the most Salinity and nutrient concentrations are predicted to become less spatially
v dynamics be computationally modeled? influential parameters for these aspects of phytoplankton populations.

homogeneous (Berwyn, 2018), meaning the degree to which biomass and
primary production increase/decrease will vary, decreasing ecological
stability (Figure 3)

Cli mate Chal"lge F lg ure 1 Fi gure 2

Time Series of Average Global Oceanic Salinity (ppt) from 1954-2017 Time Series of Average Global Oceanic Pressure from 1954-2017 (Decibars)

, . Analysis (Con.)

® Data o ® Data

—— Fitted curve . 3% ._ :meu curve PCA:
- pH, followed by salinity and pressure, are driving parameters of

phytoplankton biomass and primary production (Figure 4)

- (With total oceanic chlorophyll as a proxy)

Positive Relationships: Among Nutrients; Pressure & Nutrients; pH &

Salinity (Figure 4)

Negative Relationships: Temperature & DO (Figure 4)

Limited applicability: PCs 1 and 2 only account for 60% of variance (Figure 4)

o nimamrsin i Case-by-Case Variability

Crucial for climatic and environmental stability: ‘ JBen?  ARIGT  Samal  ‘dewdy  Uopem  SRoR | Good %0 1970 1980 . A a0 Nk 4 Covariance Matrix:
» Sequester 30% of CO2 emissions (Rohr et al., 2023) Year “

« Reflect solar radiation (Deppeler & Davidson, 2017) = Stl‘()ng Independence Am()ng Parameters (Table 2)— low variance values
* Base of the marine food web (Kase & Geuer, 2018; (Chang et al" 2022) : : ~ : : ;
’ - Confounding variables for phytoplankton dynamics, but not one another
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Background

W
-]

Background

N
o0
Average Annual Pressure (decibar)

Average Annual Salinity (ppt)

Phytoplankton: An Intro  Uni-Dimensional Empirical Analysis +
Disconnected Computer Models

~N
o

Loschi et al., 2023)

BT E—— | w Note. Note. The time series for salinity (s) for year (y) 1s Note. Note. The time series for pressure (p) for year y 1s - Strong Homogeneity Within Parameters (Table 2)— low diagonal values
2023 ‘ Multi-Dimensional, Unified

e e described by the sinusoidal regression function of f(s) = described by the sinusoidal regression function of f(p) = - Global Scale Homogeneity vs. Specific Ecosystem Variations
. AHIghty Relevantissue For 3.724%sin(6.220y + 80.552) + 30.112; R?> = 0.847. Sinusoidal ~ 109.099%sin(6.951y + 43.661) + 489.463; R>= 0.077
ctore i ety hytotaicon s Scientists and Policymakers Interval: (26.388, 33.836) Sinusoidal Interval: (380.364, 598.562)

* Non-uniform changes in oeanic conditions

[ ]
* Non-uniform biological preferences among different UN Sustainable Development Goals: F 1 ure 3
phytoplankton groups

-Climate Action, Clean Water, Life Below Water Table 1
* Complexity from multiple environment parameters

« Limited Data (Ratnarajah et al., 2022) (United Nations, 2015) g : s : A y : Y sz scni
« Limited Scope of Individual Computational Models Linear Regression Information of Parametric Factors Related to Total Oceanic Chlorophyll

Current Empirical Limitations

Environmental Parameters Conclusions and Extensions
Parameter Variable | R? Value (1) p-value (single-tailed Equation

p-value) a = 0.05 Apparatus appears to be viable

. Positive i e : - -
HypOthGSIS (PI‘OpOSGd App aI‘atUS) Salinity (ppt) 0.54 (0.735) 0.0000 (0.0000)%** f(x) = -0.2248s + 8.6275 Negative Critical for addressing climate change, marine ecosystem

Correlation Correlation health, and understanding climatic and ecological patterns
Limitations:
Salinity - Geography as a confounding variable: lack of geospatial data for
parametric data

. pH :
‘ Phosphate (umol’kg) 0.10(0.316) 0.0130 (0.0065)* f(x) = 1.8526q - 0.5389 Nitrate T t - Specnﬁc Temporz'll Scale
; Phosphate cmperature - 1954-2017, using the OSD Dataset

[ Parameters | : (Nutrients, Temperature, pH, etc.) J Silicate - Greater Data Integration & Apparatus Modification Required
Silicate (umol’kg) 0.08 (0.283) 0.0244 (0.0122)* f(x) = 0.0324h + 0.6060 ] .
¥ Pressure Extensions | | |
[ Phytoplankton W ( (Biomass, Phenology, Migration, } Temperature (°C) 0.07 (0.265) 0.0318 (0.0159)* £(x) = -0.1641t + 3.2049 - Integration of Neural Networks for Food Web Modeling (Boit et al.,

' ‘ ) ' 2012; Loschi et al., 2023
Dynamics | ___Tax. Comp., Exportation, etc.) Alkalinity 0.07 (0.265) 0.0368 (0.0184)* f{x) = 1.4551c - 1.6810 > e ) , , ,
.v (milli-equivalent/liter - Forming Mechanistic Connections with CMIP and other climate models
K ) . \ . Linear Regression - R*, RMSE, SIOA Eanis (Hague & VlChl, 201 8)
( OI‘HDUI(CITIO}’ICI] AI’I(?]VSIS (Deus et al., 2013) Note. From highest to lowest R” value, the parameters are: salinity, pH, dissolved oxygen, pressure, phosphate, nitrate, silicate, temperature, and

1. Model Validation . Principal Component Analysis . . . . . . . .
DR T Rt s (Sarker ot L, 2023 Note. A color gradient 1s used to show the progression of Note. This diagram sorts parameters by their directional

. . 3. Hierarchical Linear Model (Tian et al., . . . . . . . .
Inter-Parameter Relationships 2023) parameters by decreasing R2 values. With a lower p-value, relationship with total oceanic chlorophyll. These relationships

Direct Impact on Phytoplankton . Regression Curves (Anderson et al, . . . . . . . . . . . References

D namicsp e 2023) temperature 1s placed above alkalinity 1n the table, given their suggest notable climatic and ecological ramifications. o - S
o ¢ . ) . Neural Networks (Boit et al., 2012; . . . Amazon Web Services. (2024). Registry of Open Data on AWS. Registrv.opendata.aws; Amazon Web Services, Inc

Ecological Ramifications Loschi et al., 2023) tied R2 values. a = 0.05 for all significance levels.

Climatic Ramifications . Coupled Model Intercomparison
Project (Hague & Vichi, 2018) J

pH : 0.27 (05:0) 0.0000 ':C'.OC'OO:)***

~

J

[ Steps of Analytical Process J  Potential Tools/Resources Dissolved Oxygen (umol/kg) 0.25 (0.500) 0.0000 (0.0000)*** f{x) Alkalinity
<

=
(EPA, NOAA, MassDEDP, Pressure (decibars) 0.22 (0.469) 0.0001 (0.00005)*** f(x) = 0.0014p + 0.9536 Dissolved Oxygen
past research, etc.)

{ Data }

Nitrate (umol’kg) 0.09 (0.300) 0.0171 (0.0086)* f(x) =0.0634n + 0.8126

S. 1., Barton, A. D, Clayton, S., Dutkiewicz, S., & Rynearson, T. A. (2021). Marnne phytoplankton

Table 2

Figure 4 ’
unctional types exhibit diverse responses 1o thermal Chil‘.‘_gi‘ Natwe Commmications, |

Covariance Among Oceanic Parameters in OSD Dataset of WODI18, 1954-2017
PCA Plor of Driving Parameters Beh attps://doi.org/10.1038/541467-021-26651-8
Temperature Salinity Dissolved O, Pressure pH Alkalimty  NO; PO, Silicate

&9 (ppt) (umol’kg) (decibars) (meq/L (umol’kg) (umol’kg) (umolkg)
CaCoO;)

Temperature  0.05679 attps://in t org/news/07052018/atlantic-ocean-circulation-slowing-climate-change-heat-temp
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Salimity (ppt) ) . e
) Q CgzOmZ1pel8xnzAhVnNOVCr8vudXHq2Sa3ThoC500QAYD BwE

over. T.P.. O K. Baranova, C. Coleman. HE. Garcia. A. Grodskv. R A. Locarmini, A V. Mishonov, CR. Paver. JR.
Dissolved O,  -0.01647 0.04698 Bo O K. Barar C. Coleman, HE. Garci Grodsky, R.A. Locarmini h , C.R. Paver, JR

Methodolo "/
L ! brid Ocean 2018 (WOD18) e : o e € e o Lo - :
XS — Esc L UIBE 0 2 ) Station Data (OSD) = ' (umol’kg) Reagan, D. Seidov, I.V. Smolyar, K. Weathers, M.M. Zweng (2018): World Ocean Database 2018. A.V.

National Centers for (Boyer et al., 2018) 0\ - e A & s LRI BT P e
Environmental = \ Pressure -0.005877 Mishonov, Technical Ed.. NOAA Atlas NESDIS 87.
Information (decjbars}

. : nddrme | 11T M AS -~ v+ m1tas Aafar Flac 00 NOA 'v2ral vwéra I nAt
Time, r ( L 4 ttps://www.ncel.noaa.gov/sites/default files 2020-04/wod_intro_0.pdf
Image Credit Time =

hf"",""“‘i“:f"?ff‘f’j _:g; :.:-;::-:egfh;_rs;:_df-.:?-::_uzo:- Time //I;'; x pH : 3 . .— 3 -003891 009541 I - . . i, . . N . . -
SRS e - & & . [ e Chang, C.-W,, Miki, T., Ye, H., Souissi, S., Adrian, R., Anneville, O., Agasild, H., Ban, S_, Be’eni-Shlevin, Y.,
A ': I | =
amazon S3 | & —’ L o 3 B - _
webservices » I /lél//_ o= Alkalmity 0.001403 0.009997 - 0.02999
NetCDF [ —T—— =__ DO (meg/L

Longitude - T ¥ . ) C&CO; )

)
: sl ‘ e modulated by environmental context. Natwre Commumications, 13(1), 1140.
cOo'rdmates. Latltuc!e, e Panoply NO- -0.001303 03955 -0.01663 0.0009591 0.03353 '
Longitude, Depth & Time S e s S i

(umol’kg) ttps://dol.org/10.1038/541467-022-28761-3

Chiang, Y.-R_, Feuchtmayr, H., Gal, G, Ichise, S., Kagami, M., Kumagai, M_, Liu, X, Matsuzaki, S.-1. S,

\E~ AL ) T o g sm1m W TN “mrsam] wmatirr Lo Af e - . dirrarsitrs - i} ANE AYTD
Manca, M. M., Noges, P., & Piscia, R. (2022). Causal networks of phytoplankton diversity and biomass are

TWO KEY OBSERVATIONS: - T"é‘f SerneslMOdels Using Sinusoidal Regression PO, '8 -0.02756 j 0.02564  -0.03468 0.002638  0.017 0.05649 edman, C. ., Barton, S., Fournier, M., & Rickaby, R E. M. (2023). The cellular response to ocean warming 1
and Intervals n 0. (umol/’kg)

1.Lack of Geospatial Attributes for Parametric Data o + A f(x) = Asin(2ny)B + ) + ¢ g : ' Emiliania huxlevi. Frontiers in Microbiology, 14. https://doi.org/10.3389/fmicb.2023.1177349
2.Lack of Direct Phytoplankton Data — i . . ‘

2. Linear Regression Models of Total Oceanic
* Chlorophyll Given Parameters

f( K) = 77’(3 : B Noze. Green cells represent the diagonal cells of the covariance matrix. These quantities. rather than inter-parameter covariance. reprezent the Marine Science. 4. Frontiers. Elitpiii cic-l.::‘g 10.3389/fmars.2017.00040
= b T+
OVERALL APPROACH: = 0

Note.. The individual dots of varying color represent various instances of chlorophyll | - " W e L -
« Total Oceanic Chlorophyll as Proxy for Primary 3. Driving Parameters and Inter-Parameter ) yIg o P . . . Py . Note. All values are rounded to four decimal places. Green cells represent Deus, R., Brito, D., Kenov, I A, Lima, M., Costa, V., Medeiros, A, Neves,R., &
Production & Biomass (Chang et al., 2022) Relationships Using PCA and Covariance Matrices measurements relatlve to the ﬁI’St two pr1nc1pal components fOHOWlIlg dlmenslon I'GdU.CthIl. d 1 11 Th tt t th . b bl th Three-dimensional model for analysis of spatial and temporal patterns of phytop
« Annual Average Value of Parameters from 1954-2017 ME =€) vy + € Vo The red lines sprouting from the origin represent the vectors of each parameter’s contribution 1agonal CClis. C5C quantitics represen C vdriance O0bs5CTvable within ' S

-~ ’ Sy AR >
Erminair~al ViaAdnllim
- IO AU

to the variance of the first two principal components. Parametric abbreviations are designated the specified parameter. For example, the cell 0.0801 represents the e
as follows: pH (pH), salinity (sal), temperature (temp), nitrate (NO3), pressure (Press), silicate variance seen within water pressure. By contrast, the cell below, -0.0389,
(Silicate), phosphate (PO4), alkalinity (alk), and dissolved oxygen (DO). -

represents the covariance between pH and water pressure.

PC1 (46.23%) Silicate -0.02261 -0.03465 -0.007556 0.029 -0.03073  0.004527 0.02543 0.06992 -

S Deppeler, S. L., & Dawvidson, A. T. (2017). Southern Ocean Phytoplankton in a Changing Climate. Frontiers in
(umol’kg)




