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Ourstudy simulated asize-structured phytoplankton communityinthe Philippine Sea
to determine the factors that regulate the vertical phytoplankton distribution using a
one-dimensional coupled physical-biological individual-based model in the Virtual
Ecosystem Workbench (VEW) software. Three phytoplankton groups (pico-, nano-
and microphytoplankton) were governed by specific metabolic and reproductive
rates and simulated to be grazed on by copepods, which in turn were controlled by
carnivorous zooplankton. Sensitivity analysis using three salinity scenarios (33,
34 and 36 Practical Salinity Units [PSU]) showed that nutrient availability drives
the phytoplankton communities towards the end of the simulations, wherein only
the 34 PSU simulation was able to recreate the Subsurface Chlorophyll Maximum
(SCM) profile similar to the 2011 in-situ observation. Three temperature scenarios
(+1.0°C, +2.0°C, +10.0°C) were then used to predict phytoplankton responses to
changing temperature regimes. The scenarios predicted the SCM would develop
deeper than the original simulation and a significant increase in the abundance of
the dominant phytoplankton at the SCM, possibly affecting the higher trophic web
or increasing the deep carbon export to deeper waters. Although the VEW software
has been useful for investigations on plankton dynamics of global and specific
regions, our study finds that the physical dynamics of the software is not attuned
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to simulate the highly variable Philippine Sea setting, limiting the model runs only
to the drier months of the year. We suggest caution in the use of the version of the
software as it needs restructuring to be more useful in such areas.
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Introduction

Subsurface chlorophyll maximums (SCMs) are
ubiquitous features of stratified oceans (Cullen
2015) occurring when nutrient availability at the
euphotic depth are optimal to allow the proliferation
of phytoplankton. Cullen (2015) referred it to the
“Typical Stable Water Structure” , highlighting that
the interacting processes leading to water column
stability contribute more to the formation of the
SCM rather than environmental conditions per se.
As such, tropical and subtropical waters with quasi-
permanent stratification have been reported to
have the SCM feature present year-round and are
persistent throughout the day as long as conditions
remain constant (Gong et al,, 2014; Gong et al., 2015;
Hense & Beckmann, 2008; Teira et al., 2005). As
SCMs are undetected by remote sensing, primary
production may be grossly underestimated when
calculated solely from surface chlorophyll values
(Westonetal.,2005; Probyn,Mitchell-iInnes&Searson,
1995). Mechanisms governing the formation and
maintenance of the SCMs have been studied since
Riley et al. (1949) and these mechanisms, such
as phytoplankton biomass aggregation at depth,
photo-acclimation due to increase in chlorophyll
pigment within the phytoplankton (Fennel & Boss,
2005), increased nutrient fluxes at the thermocline
under high light conditions (Li & Hansell, 2017), are
highly varied due to the complex SCM community
and the external dynamics of physical forcing (Li et
al., 2012; Cullen, 2015). Additionally, the removal of
phytoplankton in the upper water column by grazing
zooplankton may increase and improve incident
light for phytoplankton growth at the mixed layer
depth (Pannard et al,, 2015).

Marine phytoplankton contribute to 50% world's
photosynthesis (Falkowski et al., 1998; Field et al.,
1988), therefore, the increased carbon sequestration
at SCMs may also have a significant impact on
climate by reducing the atmospheric CO, levels
through the sinking of organic and inorganic matter
tothe deep ocean. Inthe past few decades, warming
due to anthropogenic carbon emissions have been
observed to influence phytoplankton dynamics and
change in the phytoplankton composition (Ajani

et al, 2021; Righetti et al,, 2019). It is predicted
to reduce phytoplankton productivity in tropical
regions as a result of increased stratification
(Gittings et al., 2018; Thomas et al., 2012; O’'Connor
et al., 2009; Sommer & Lewandowska, 2011;Boyce
et al, 2010; Intergovernmental Panel on Climate
Change, 2014) while enhancing it at higher latitudes
(Smith et al,, 2007, McQuatters-Gollop et al,, 2017,
Taucher & Oschlies, 2011). Studies focused on the
dynamics of plankton systems, whether from field
observations or mathematical modelling, allow
us to predict how plankton ecosystems would
react to internal and external conditions including
warming waters . The use of models for predicting
plankton responses is well-documented with earth
system models projecting a decrease in the global
primary production which may be attributed to
phytoplankton response to climate in the lower
latitudes. (Franks, 2002; Woods, 2005; Cabre et
al. 2014; Marinov et al. 2010). These responses
may be brought about by increasing temperature,
heavy precipitation and storm events which
result in enhanced surface stratification or the
intensification or weakening of nutrient upwelling.
However, there are few models that predict how the
vertical phytoplankton community would respond
in a warming environment. Huisman et al. (2006)
revealed how reduced mixing due to increased
stratification induced oscillations and chaos in the
phytoplanktoninthe SCM and increased productivity
and deep carbon export.

The Lagrangian Ensemble (LE) metamodel was
first presented by Woods and Onken (1982) as a
hybrid of population- and individual-based models
(IBM). The LE model uses a biologically-Lagrangian
integration to follow the life history of each plankton
class (phytoplankton, herbivorous and carnivorous
zooplankton) and statistically calculate the
population properties. The hybrid model combines
equations from theoretical population ecology
that enables prediction of changes in populations
and primitive biological equations to describe
each population in terms of single organisms
(Woods 2005). The metamodel has been used to
successfully predict ocean color (Liu & Woods, 2004),
and create virtual ecosystems on various aspects
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