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Abstract 

 Net primary productivity (NPP) and gross primary productivity (GPP) is a major 

component of the carbon cycle. NPP is defined as the amount of carbon biomass 

produced by primary producers over a given period of time and area. GPP is the 

combination of NPP and respiration. The NPP exceeds 100 billion tons of carbon per 

year on Earth and half of it comes from the ocean through phytoplankton. The 

equatorial Pacific Ocean is the largest tropical ocean on Earth and subsequently the 

largest oceanic source of CO2 to the atmosphere. Despite its importance, NPP in the 

west equatorial Pacific is poorly characterized due to the lack of data. Previous research 

suggests that strong upwelling is associated with increased nutrient concentration in the 

euphotic zone leading to an increase in primary productivity. However, the western 

equatorial Pacific is known for weaker upwellings compared to the eastern and central 

equatorial Pacific. This study was conducted aboard the R/V Thomas G. Thompson 

from December 28, 2023, to January 12, 2024, with the goal of identifying and 

quantifying the critical variables that have a substantial impact on NPP in the region 

including temperature, chlorophyll, dissolved nutrients, and current velocity. NPP and 

GPP was measured using in-situ oxygen incubations. The mean GPP found in this 

study range from −163.82 to 26.05 mmol O2 m−2 d−1. A combination of temperature, 

chlorophyll, dissolved nutrients, and current velocity can explain for 54.18% of the 

variance in GPP. There is a missing 45.82% not accounted for that requires further 

studies on factors that influence GPP such as iron, which is a limiting nutrient. 
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Plain Language Summary 

 Net primary productivity (NPP) is the rate that plants and primary producers store 

energy and make it available for higher trophic levels. The rate is defined by the 

difference between the amount of carbon produced through photosynthesis and the 

amount of energy used by respiration. Understanding what affects the NPP rate is 

important for predicting climate change. This study focuses on the western equatorial 

Pacific, where there are weaker upwellings which in turns means it has a lower NPP 

rate, compared to other regions. However, there is limited research done in this region. 

Using the data collected from a cruise in western equatorial in the winter of 2023 and 

2024, the NPP rates and driving factors such as, current velocity, nutrients, 

temperature, and chlorophyll were analyzed to find a correlation. There was no linear 

relationship found between NPP rates and the current velocity, nutrients, temperature, 

and chlorophyll. However, the combination of the driving factors can explain 54.18% of 

the GPP values. The missing 45.82% requires further research in other factors that 

could affect the GPP such as, iron concentration, which is the limiting nutrient in the 

region.   

 

Introduction 

Ocean primary productivity is the production of organic matter by phytoplankton 

in the ocean, a process accounting for almost half of the global net primary productivity 

(NPP) (Field et al., 1998). NPP is the rate of organic carbon produced by autotrophs 

minus the autotrophs’ respiration rate (Sigman & Hain, 2012). A portion of the carbon 

fixed through NPP in the surface ocean sinks to the deep ocean, leading to an 
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accumulation of carbon. NPP can exhibit year-to-year variations influenced by factors 

such as nutrients, light, and temperature (Krumhardt et al., 2020).  The exact influence 

of each factor to NPP is not clear and there may be other factors that also impacts such 

as the salinity of the water. Understanding the factors that impact NPP is crucial for 

maintaining ecosystem diversity (Sigman & Hain, 2012), marine biology (Moore et al., 

2018), and fishery industries (Stock et al., 2017).  

 Phytoplankton are an essential energy source for marine fish populations. Based 

on data from 1990-1999, the global NPP will decrease which will lead to the biomass of 

zooplankton and phytoplankton decreasing (Lotze et al., 2019). However, human 

activities such as fishing, contribute to the higher trophic levels decreasing faster 

compared lower trophic levels in relation to NPP level. Knowing the NPP levels allows 

fishery industries to regulate the catches, so fisheries do not put a strain on the lower 

trophic level productivity. Fishing is not directly impacting NPP, but the NPP can be a 

control factor of how much fish is available.  

NPP in the ocean is the highest near the equator and decreases toward the pole 

(Huston & Wolverton, 2009). The global NPP in the ocean is estimated to be 45 - 50 Pg 

C y-1 (Longhurst et al., 1995).NPP levels are highest in the epipelagic zone, which is the 

uppermost zone of the ocean that receives the most sunlight, and in areas near the 

coastline and estuaries, which are rich in nutrients. The NPP is higher at the equator 

than higher latitudes due to warmer temperatures and higher solar radiation which 

allows photosynthesis to occur year-round.  

Satellites can measure the color of the surface ocean to track the concentration 

of green pigment chlorophyll, which is used to process light via photosynthesis. 
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However, the chlorophyll concentration is a better indicator the rate of photosynthesis 

since it is based on the rate of photosynthesis so it is a proxy for the NPP rate (Sigman 

& Hain, 2012). Chlorophyll concentration is one of the factors that can be used to infer 

NPP. Various factors, such as nitrate concentration, phosphate concentration, 

temperature, and mixed layer depth can influence the NPP. Phytoplankton that have 

adapted to lower light with high nutrient concentrations tend to have higher cellular 

concentration of chlorophyll (Sigman & Hain, 2012). The NPP is representative of the 

growth of phytoplankton biomass and the transfer of organic matter-energy to higher 

trophic levels (Tagliabue et al., 2021). For example, the Southern Ocean has the 

highest chlorophyll concentration due to the upwellings of nutrient-rich deep water and 

high availability of sunlight (Venables & Moore, 2010). However, the Southern Ocean 

does not have the highest NPP rate due to photosynthesis being limited by iron 

concentration (Feng et al., 2022). Due to this distinction, the satellite-derived NPP may 

be overestimated or underestimated in certain areas. 

NPP is estimated from satellite-observations by looking at chlorophyll 

concentrations and various factors depending on the model. The carbon, absorption, 

and fluorescence-resolving (CAFE) model calculates the NPP as the product of the 

energy absorption, and the efficiency by which absorbed energy is converted into 

carbon biomass (Silsbe et al., 2016). The energy absorption is calculated from the 

concentration of chlorophyll-a and the size of the phytoplankton cells (Silsbe et al., 

2016). Eppley-VGPM is a hybrid version of vertically generalized production model 

(VGPM) that assumes higher surface temperature favors high-light acclimated 

phytoplankton, which requires less chlorophyll to support (Behrenfeld & Falkowski, 



 

 
 
 
 

6 

1997). Each model accounts for different scenarios, where chlorophyll concentration or 

higher temperature is more important. 

The equatorial Pacific is the largest tropical ocean on Earth with one of the 

highest NPP rates. The equatorial Pacific Ocean is also the largest oceanic source of 

CO2 to the atmosphere and accounts for 20% of global productivity (Stanley et al., 

2010). The equatorial Pacific is known as an area with high-nutrient and low-chlorophyll 

where biological utilization of nitrate and phosphate is limited by the availability of iron 

(Winckler et al., 2016). Previous studies suggest the upwelling of water from the 

Equatorial Undercurrent is a greater source for dissolved iron than dust, and therefore 

has a greater impact on regulating NPP in the equatorial Pacific (Winckler et al., 2016). 

Upwelling is the process in which cold nutrient-rich water from the deep ocean rises to 

the surface. The upward movement of water transports crucial nutrients, such as 

nitrogen and phosphorus, into the euphotic zone, supporting photosynthetic organisms 

(Sigman & Hain, 2012). Regions of upwelling can be determined from the distribution of 

sea surface temperature, where colder water is surrounded by warm water.  For 

example, the equatorial Pacific Ocean shows an area upwelling with a thin horizontal 

area of lower temperatures surrounded by warmer water off the coast of South America, 

the chlorophyll concentration is also higher in the same area and thereby NPP, are also 

higher in this area.  

Equatorial upwelling, with a velocity of 10−2  𝑐𝑚 𝑠−1, is more intense than mid-

ocean upwelling, with a velocity of 10−4  𝑐𝑚 𝑠−1, and can be identified by temperature 

and density profiles (Hidaka, 1972). Wind stress curls, the thermocline, and the 

equatorial ocean currents are the primary drivers of the mid-ocean upwelling (Hidaka, 
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1972). Wind stress are the force exerted by the wind in the surface of the water and curl 

wind stress is the rotation of the wind stress. The thermocline is the transition layer 

between mixed warmer layer on the surface water and deep cooler water below. The 

upwelling in the eastern and central equatorial Pacific is promoted by easterly winds 

and pseudo-wind stress of 30-40 𝑚2 𝑠−2 while the western equatorial Pacific wind 

direction is variable and the pseudo-wind stress is 10-20 𝑚2 𝑠−2 (Mackey et al., 1995). 

Pseudo-wind stress is the product of the wind vector and wind stress with reference to a 

height above the surface. Comparing the pseudo-wind stresses, the upwelling in the 

western equatorial Pacific is much weaker compared to the eastern and central 

equatorial Pacific.   

The equatorial upwelling is highly sensitive to the variation of trade winds. Strong 

westerlies in the western equatorial Pacific reduce upwelling, leading to uniform water 

temperature from the surface to the thermocline (Hidaka, 1972). In contrast, the Eastern 

and Central equatorial Pacific experience a higher primary productivity rate due to 

easterly wind and strong pseudo-wind stress (Mackey et al., 1995). The weak 

subsurface upwelling system in the western equatorial Pacific can be due to a layer of 

low-salinity warm water (Mackey et al., 1995). The salinity is lower at the equator due to 

frequent rainfall, which dilutes the salt content of the water. The warm temperature is 

due to the equatorial region having consistently high temperatures as a result of direct 

sunlight. The warmer, lighter surface water will not sink as deep as denser cold water. 

Due to the large vertical salinity changes between the surface low-salinity water and 

high-salinity water, the upwelling rate will decrease. The warm temperature and rainfall 
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stratified the upper water and reduced the nutrient input to the photic zone via upwelling 

resulting in a decline in NPP. 

The strength of the equatorial upwelling is strongly linked to nutrient 

concentrations and primary productivity. The eastern and central equatorial Pacific 

experienced strong upwelling and are regions with high-nitrate and low-chlorophyll 

where production is limited by iron (Coale et al., 1996; Stanley et al., 2010). There have 

been few measurements of the biological activity in the western equatorial Pacific 

compared to the eastern and central equatorial Pacific (Behrenfeld et al., 2006; Stanley 

et al., 2010). The productivity in the western equatorial Pacific is estimated to be 

negligible to 36% of the productivity in the eastern equatorial Pacific (Stanley et al., 

2010). Based on a previous study done in situ, the net community production (NCP) in 

the western equatorial Pacific is about 1.5 ± 0.2 mol C m−2 yr−1 (Stanley et al., 2010). 

NCP is the difference between NPP and total respiration (Wang et al., 2023). Currently, 

there are only a few published studies on the NPP in the western equatorial Pacific with 

most of them being estimates based on satellite-derived NPP. Based on satellite-

derived NPP, the average NPP in the western equatorial Pacific is around 150-200 g C 

m-2 y-1. However, satellite-derived NPP may be overestimated or underestimated due 

assumptions in the calculations where a factor is more important. This study aims to fill 

this gap by providing a detailed characterization of biological productivity in this region 

during December and January. 
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Methods  

Figure 1. Map of Sample Sites at 167W; each red dots are the stations; from South to North: 5S, 

equator, 2N, and 5N. 

This study took place from December 28, 2023, to January 11, 2024, aboard the 

R/V Thomas G. Thompson in American Samoa (Figure 1). Instruments on the cruise 

used in this study were the Sea-Bird SBE 9+ Conductivity Temperature Depth (CTD) 

Profiler with Niskin bottles, WetLabs ECO Fluorometer, Sea-Bird SBE 43 as the 

dissolved oxygen sensor, and the Teledyne RD Instruments Acoustic Doppler Current 

Profiler (ADCP). At the first station, 5°S, the Fluorometer was calibrated for the 

chlorophyll concentration and Sea-Bird SBE 43 was calibrated for the dissolved oxygen. 

The CTD was cast at four stations (5°S, equator, 2°N, and 5°N), starting from the 

southernmost station to the northernmost station (Figure 1). These four stations were 

chosen because the current velocity of each station vary the most from each other, 
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giving me the biggest range of velocity while so giving a wide spatial area for 

temperature, chlorophyll, and nutrients. 

 

Oxygen Titrations based Gross Photosynthesis 

 Water samples of 10 liter were taken at two different depths, the mixed layer 

depth, about 30m, and the euphotic zone, about 60m (Stanley et al., 2010). By doing so 

I can measure if NPP changes with respect to depth through the mixed layer and 

euphotic zone. The euphotic zone determines the amount of light available to the 

phytoplankton and is used in the CAFE model NPP calculation (Silsbe et al., 2016). The 

water samples collection was the first to be sampled from the CTD due to the risk of gas 

Figure 2. Dark bottles wrapped in 
aluminum foil in the in-situ incubation.    

Figure 3. Light bottles in the in-situ incubation 
room with light shining on them for the whole 
incubation time.  



 

 
 
 
 

11 

mixing during collection. The mixed layer depth at the western equatorial Pacific is on 

average 29 meters (Lukas & Lindstrom, 1991). The water samples were stored in seven 

glass bottles of the same size with three being covered with aluminum foil to make it 

opaque to follow the light-dark bottle method (Mountford, 1969). Then, three clear 

bottles and three opaque bottles are put in an in-situ incubator for 24 hours (Figure 2 

and 3). The dissolved oxygen of the initial glass bottle is measured by using the Winkler 

method for the initial dissolved oxygen (Labasque et al., 2004). The Winkler method is a 

method of measuring dissolved oxygen by adding manganese chloride and alkaline-

iodide to the sample, forming an acid solution (Labasque et al., 2004). Sulfuric acid is 

added to react with the dissolved oxygen and potassium iodine is added to separate the 

iodine (Labasque et al., 2004). Then starch is added as an indicator and titrated via 

sodium thiosulfate until the solution turns clear (Labasque et al., 2004). After 24 hours, 

the dissolved oxygen of the incubated bottles is measured titrating according to the 

Winkler method. The titrated measurement for each bottle were used to calculate the 

oxygen concentration based on the Winkler method. The net oxygen production is the 

final dissolved oxygen in the light bottle subtracted from the initial dissolved oxygen 

(equation 1a). The oxygen consumed by respiration is the final dissolved oxygen in the 

dark bottle subtracted from the initial dissolved oxygen (equation 1b). The total oxygen 

produced is the oxygen consumed in the dark bottle and the oxygen produced in the 

light bottle (equation 1c). The total oxygen produced can be converted into the total 

carbon product by the Redfield ratio, 0.375 milligram carbon over milligram oxygen 

(equation 1d). Then, the carbon production rate is from the total carbon product divided 

by the incubation time (equation 1e and 1f). The dissolved oxygen production was 
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replicated three times for each depth for accuracy in triplicate bottles. The mean of the 

rates was calculated for each latitude at 30 meters and 60 meters. Photosynthesis is 

also referred to primary productivity. The dissolved oxygen concentration measured by 

the Sea-Bird SBE 43 was used to compare the initial oxygen concentration.  

𝑁𝑒𝑡 𝑝ℎ𝑜𝑡𝑜𝑠𝑦𝑛𝑡ℎ𝑒𝑠𝑖𝑠 = 𝐿𝑖𝑔ℎ𝑡 𝐵𝑜𝑡𝑡𝑙𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 − 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐵𝑜𝑡𝑡𝑙𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛     (1a) 

𝑅𝑒𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛 = 𝐷𝑎𝑟𝑘 𝐵𝑜𝑡𝑡𝑙𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 − 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐵𝑜𝑡𝑡𝑙𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛       (1b) 

𝐺𝑟𝑜𝑠𝑠 𝑃ℎ𝑜𝑡𝑜𝑠𝑦𝑛𝑡ℎ𝑒𝑠𝑖𝑠 = 𝑁𝑒𝑡 𝑃ℎ𝑜𝑡𝑜𝑠𝑦𝑛𝑡ℎ𝑒𝑠𝑖𝑠 + 𝑅𝑒𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛        (1c) 

𝐶: 𝑁: 𝑃: 𝑂2 = 106: 16: 1: 138             (1d) 

𝑅𝑒𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 =
𝑅𝑒𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛

𝐼𝑛𝑐𝑢𝑏𝑎𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒
             (1e) 

𝑁𝑒𝑡 𝑃ℎ𝑜𝑡𝑜𝑠𝑦𝑛𝑡ℎ𝑒𝑠𝑖𝑠 𝑅𝑎𝑡𝑒 =
𝑁𝑒𝑡 𝑝ℎ𝑜𝑡𝑜𝑠𝑦𝑛𝑡ℎ𝑒𝑠𝑖𝑠

𝐼𝑛𝑐𝑢𝑏𝑎𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒
           (1f) 

𝐺𝑟𝑜𝑠𝑠 𝑃ℎ𝑜𝑡𝑜𝑠𝑦𝑛𝑡ℎ𝑒𝑠𝑖𝑠 𝑅𝑎𝑡𝑒 =
𝐺𝑟𝑜𝑠𝑠 𝑃ℎ𝑜𝑡𝑜𝑠𝑦𝑛𝑡ℎ𝑒𝑠𝑖𝑠

𝐼𝑛𝑐𝑢𝑏𝑎𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒
                                (1g) 

Instruments Data Collection 

The ADCP measures the velocity of the horizontal current, which can be 

compared for information if there is upwelling (Villacieros-Robineau et al., 2021). 

Information about the presence of upwelling can be determined by looking at the water 

masses movement based on the salinity and temperature data from the CTD, where the 

surface water temperature is cooler than the surrounding water (Fine et al., 1994). The 

ADCP data was post-processed by Cody Cruz using UHDAS+CODAS software from 

the University of Hawaii (Firing et al., 2012). In addition to removing all periods beyond 

5º S and 5º N to obtain a pure transect, threshold editing was applied to eliminate 

velocity values in bin ensembles with less than 80% good pings or greater than 500 

mm/s error velocity magnitude. The horizontal velocities were analyzed with the cross-

section area of flow to determine transport in each direction.  
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The WetLabs ECO Fluorometer measures the fluorescence of chlorophyll-a 

which correlates to the NPP since there is a strong positive correlation between the 

increase in chlorophyll and to increase in NPP (D’Alelio et al., 2020). The fluorescence 

was measured from the Fluorometer in units of Relative Fluorescence Unit (RFU) and 

represent the chlorophyll concentration in the water at the depth. The Fluorometer took 

measurement at 30m and 60m for each latitude, exactly where the water samples were 

collected in the Niskin bottles.  

The CTD profiles were used to collect the temperature of water samples. The 

temperature of the water samples is used to compared to the GPP. The data was 

analysis in the Excel to determine the mixed layer for the nutrient concentration.  

The nutrients were calculated from water samples taken from 5S, equator, 2N, 

and 5N. The nutrient samples were sent to the University of Washington Marine 

Chemistry lab for analysis of nitrate, nitrite, phosphate, and silicate concentrations. The 

samples used in this study were from the depth of approximately 50m to 60m. The 

nutrients from 60m are compared to GPP at 30m and 60m since the nutrients from 60m 

and 30m are from the mixed layer so they are homogenized. 

 Following the cruise, a comprehensive analysis was conducted to establish the 

relationship between chlorophyll concentrations, current velocity, nutrients concentration 

and temperature to the dissolved oxygen concentration production. A principal 

component analysis (PCA) is used to explore the interplay among various factors, 

including current velocity, nutrient concentrations, chlorophyll concentrations, and water 

temperature in determining GPP with the assumption that relationship between the 
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variables is linear. The PCA was done in Python with the help of ChatGPT to find a 

combination of the factors could explain the variances in GPP.  

 

Results 

 The oxygen titration of the bottles shows a trend of the bottles from 60m being 

lower in oxygen production rate compared to 30 m (Table 1 and Figure 4). Oxygen 

concentrations at 30 m were not statistically significant that those at 60 m (t-test, p = 

0.3765). 

Table 1. Oxygen Titrations of the bottles.  #N/A represent no measurement (unable to open the 

oxygen bottle)  

 

 

 

 

 

 

 

Latitude Incubation (hours)

60m 30m 60m 30m 60m 30m

-5 198.79 224.98 211.69 195.19 195.2 197.2 30

-5 214.32 212.94 212.28 203.19

-5 213.79 202.58 216.27 196.03

0 223.99 188.24 188.00 189.66 221.1 240.5 15

0 191.67 198.18 185.45 195.68

0 186.43 187.88 183.95 181.61

2 194.33 201.01 193.30 204.73 224.2 212.4 29

2 209.03 190.08 192.44 203.80

2 200.18 #N/A 195.45 201.46

5 210.31 184.78 190.21 197.50 192.8 207.3 21

5 189.76 189.54 193.49 199.87

5 188.82 189.34 188.97 208.69

Dark Bottles (uMoles O/kg) Light Bottles (uMoles O/kg) Initial (uMoles O/kg)
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Figure 4. The relationship between the oxygen concentration at 60m and at 30m for the light and 

dark bottles.  

Table 2. The mean respiration rate, mean net photosynthesis, and mean gross photosynthesis for 

each latitude with their respective standard deviation (Std dev.).  

 

 The distribution of the mean NPP and mean GPP were plotted across the 

latitudes (Figure 5). Mean NPP at 30 meters were not statistically significant to those at 

60 meters was -0.54 and the p-value is 0.239. The t-test value for mean GPP at 30 

meters compared to at 60 meters (t-test, p-value =0.376). The distribution of mean NPP 

and mean GPP follow the same general trend, where they increase as going away from 

the equator for both 30 meters and 60 meters (Figure 5). The standard deviation for the 
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Concentration at 60m (uMoles O/kg)

Dark Bottles Light Bottles

Latitude

60m Std Dev. 30m Std dev. 60m Std dev. 30m Std dev. 60m Std dev. 30m Std dev.

-5 0.459 0.2939 0.543 0.3737 0.6073 0.0830 0.031 0.1465 1.066 0.3054 0.5747 0.4014

0 -1.358 1.356 -3.272 0.3899 -2.3512 0.1363 -3.435 0.4706 -3.709 1.3633 -6.7067 0.6111

2 -0.792 0.255 3.081 4.9128 -1.0490 0.0535 -0.313 0.0582 -1.841 0.2607 2.7675 4.9131

5 0.166 0.578 -0.924 0.1282 -0.0912 0.1113 -0.251 0.2808 0.075 0.5890 -1.1747 0.3086

Mean Gross Photosynthesis (uMoles O/kg/hr)Mean Respiration (uMoles O/kg/hr) Mean Net Photosynthesis (uMoles O/kg/hr)
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mean GPP at 60 meters and the equator is the largest compared to other points due to 

an over titration of an oxygen bottle.  

Figure 5. A. Distribution of mean net photosynthesis at depth of 30 and 60 meters from 5º S to 5º N 

at 167 ºW with error bars showing standard deviation at each latitude for the triplicate 

measurements. B. Distribution of gross photosynthesis at depth of 30 and 60 meters from 5º S to 5º 

N at 167º W with error bars showing standard deviation at each latitude for the triplicate 

measurements. 

The distribution of chlorophyll is the highest at the equator for both 30m and 60m 

(Figure 6A). The further away from equator, the more the chlorophyll fluorescence 

decreases. The temperature at 2N for 30m and 60m is the same so the point is 

overlapping each other (Figure 6B). The temperature is the lowest at 2N and highest at 

5S.  
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Figure 6. Distribution of A. Chlorophyll Fluorescence and B. Temperature at the depth of 30 and 60 

meters from 5º S to 5º N at 167 ºW; measured from the CTD casts.  

 NO3 is the highest in concentration at every latitude except for 5N (Figure 7). At 

5N, the highest nutrient concentration is Si(OH)4. Si(OH)4 increases from 5S to 5N while 

NO3 increases till 5N, where the concentration decrease significantly in comparison to 

the other nutrients. From 5S to 2N, the NH4 was the lowest nutrient concentration. At 

5N, the lowest nutrient concentration was NO2. 
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Figure 7. The distribution of nutrients concentration, PO4, Si(OH)4, NO3, NO2, and NH4 at the 

depth of approximately 50 meters to 60 meters from 5º S to 5º N at 167 ºW.  

 The zonal velocity was the strongest at 2º N and 5º N at the depth of 30 meters 

where, 2º N is going westward and 5º N is going eastward (Figure 8). The zonal velocity 

at the equator for 30 meters is also going westward at -0.5 m/s. At 5º S and 30 meters, 

the velocity is westward at -0.4 m/s. At 60 meters of depth, the zonal velocity for 2º N 

decreases by 0.4 m/s and for 5º N, it increases to 0.1 m/s. At the equator and 5º S for 
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60 meters, the strength and direction of the current stay the same as in 30 meters of 

depth.  

Figure 8. The zonal velocity (m/s) from 25 to 80 meters of depth across 5º S to 5º N at 167º W. East-

west direction, where negative velocity is in the westward direction and positive velocity is in the 

eastward direction. 

 The zonal velocity was plotted against the mean NPP for each latitude at the 

depth of 30 meters and 60 meters (Figure 9 and 10). There was a significant 

relationship observed between NPP and zonal current velocity (Pearson test, R2 = 

0.437, p-value = 0.0371). No significant relationship was observed between GPP and 

zonal current velocity (Pearson test, R2 = 0.361, p-value = 0.0904). 
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Figure 9. Zonal velocity compared to the mean NPP for latitude -5, equator, 2, and 5 at 30m and 

60m of depth. 

Figure 10. Zonal velocity compared to the GPP for latitude -5, equator, 2, and 5 at 30m and 60m of 

depth. 
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 At the depth of 30 meters and 60 meters, the depths were within the mixed 

layered for all of the stations. Due to this, the dissolved nutrients within the mixed 

layered would not have a lot of variations and be consistent throughout the layer. The 

Mean GPP plotted is from the depth of 60 meters compared to the nutrients 

concentration of PO4, Si(OH)4, NO3, NO2, and NH4 (Figure 11). No statistical significant 

relationships were observed between GPP and nutrient concentrations (Pearson 

correlation test, p-value > 0.1). 

 

Figure 11. Dissolved Nutrients, PO4, Si(OH)4, NO3, NO2, and NH4, concentrations in umol compared 

to the mean GPP within the mixed layer at 60 meters of depth.  

The fluorescence was plotted against the mean GPP for the depth 30m and 60m. 

No statistically significant correlation was found between GPP and chlorophyll 

fluorescence (Pearson correlation test, p-value of 0.375 > 0.1). 
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Figure 12. The fluorescence compared to the mean GPP at 30m and 60m. Fluorescence is also 

representing the chlorophyll concentration.  

The temperature was measured from the CTD and plotted against the mean 

GPP at 30 meters and 60 meters. No statistically significant correlation was found 

between GPP and temperature (Pearson correlation test, p-value of 0.269 > 0.1) (Figure 

13).    
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Figure 13. Temperature in Celsius compared to the Mean GPP at depths of 30m and 60m. 

 The principal component 1 explains 54.18% of the variance and principal 

component 2 explains 29.73% of the variances for GPP at 30 meters when considering 

the independent factors; temperature, PO4, Si(OH)4, NO2, NO3, NH4), zonal velocity and 

chlorophyll (Chl) (Figure 12).  
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Figure 14. Comparison of Component 1 and 2 with GPP at 30 and 60 meters with the independent 

variables including temperature, dissolved nutrients (PO4, Si(OH)4, NO2, NO3, NH4), zonal velocity 

and Chlorophyll (Chl). 

 

Discussion 

In this study, I measured and calculated the GPP in addition to NPP compared to 

satellite data that only measure NPP, which doesn’t account for the respiration. Based 

on previous studies, the expected average NPP in the western equatorial Pacific was 

5.9 ± 0.9 mmol O2 m−2 d−1 and the expected average GPP was 21 ± 34 mmol O2 m−2 

d−1 (Stanley et al., 2010). The mean NPP in this study ranged from −83.94 to 94.862 

mmol O2 m−2 d−1 (-3.435 to 0.6073 umol O2 kg-1 hr-1) (Table 2). This range is much 

bigger than the expect average NPP. The mean GPP in this study ranged from −163.82 

to 26.05 mmol O2 m−2 d−1 (-6.7067 to 1.066 umol O2 kg-1 hr-1) (Table 2). The upper 
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range of mean GPP is within the range of the expected average GPP but the lower 

range is outside of the expected.  

In this study, some of the primary productivity values were negative (Figure 5). A 

negative primary productivity value means that the respiration rate exceeds the 

photosynthesis rate. This can occur when the ecosystem is under stress conditions, 

such as high temperature. In high temperature, the biomass of phytoplankton may 

decrease or change in community composition which result an impact on the amount of 

photosynthesis done by the primary producers (Arteaga & Rousseaux, 2023). The 

lowest primary productivity value was at the equator, but the highest temperature was at 

5S (Figure 5, Figure 6B). Since I was not able to directly measure the NPP rate, this 

may have been a result due to my method. The phytoplankton may have not responded 

well to the incubation experiment, since the incubations was under twenty-four hours 

compared the standard 5 days incubation for biochemical oxygen demand (Willhelm, 

2009). Another reason for the high respiration rate may be due to the presence of 

bacteria. The water collected were not filtered so there are organisms in the incubated 

bottles. During the incubation of longer than 15 hours, the bacteria could increase their 

respiration rate (Garcia-Robledo et al., 2016). The increase in respiration rate could be 

the reason why some of the primary productivity values were negative.  

The pattern of the NPP and GPP rates is the inverse of the chlorophyll pattern, 

where chlorophyll is highest at the equator and decrease the further away from the 

equator. This was difference from what was expected. Previous studies show that the 

change in NPP has a linear relationship with the change in chlorophyll (Marpaung et al., 
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2022). However, in this study, there is an inverse relationship between NPP and 

chlorophyll. This suggest that chlorophyll is not a good indicate of NPP in this region. 

The nutrient pattern was unexpected compared to previous studies. In previous 

studies, the nutrients are at the highest concentration at the equator and decreasing 

going northward and southward (Wyrtki & Kilonsky, 1984). The nutrients in this study 

were highest at 2N and then decrease going north and south of 2N (Figure 7). It is 

expected that the nutrients would be highest at the equator due to the upwelling 

occurring at the equator (Wyrtki & Kilonsky, 1984). It was observed that the zonal 

velocity was the highest at the equator which indicate that upwelling would be greater at 

the equator (Figure 8). However, a greater upwelling would lead to higher nutrient 

concentration which was not observed.  

The NPP and GPP does not seem to be correlated with the zonal velocity, 

dissolved nutrients, chlorophyll, and temperature. However, a combination of these 

factors can explain for about 54.18% of the variance in GPP (Figure 12). There is a 

missing 46.82% that is not factored for in the variance of GPP. Temperature being a 

large factor since the temperature in this region was higher and had a smaller range in 

temperature. Temperature was also the only factor that had a negative relationship with 

GPP. The high temperature may have led to metabolic rate slowing down after passing 

a certain threshold. Previous studies have shown that rising temperatures negatively 

impact NPP and increase the respiration rate (Krumhardt et al., 2017). Warmer water 

tends to have smaller phytoplankton, which exhibit lower NPP rates . As discussed 

before GPP is the combination of NPP and respiration (equation 1c), since NPP is 
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decreasing and respiration is increasing, the GPP would decrease. Respiration would 

decrease since the process decreases the amount of oxygen.  

Limiting factors are the few sampling sites. I ran out of oxygen bottles to collect 

water samples in between the stations and did not have enough time to titrate the 

bottles between stations. When redoing this project, I would plan to have more oxygen 

bottles to collect the water samples from more stations to have more data points. I 

would also plan to look at satellite derived NPP data on the area of study for a 

comparison of accuracy.   

 

Conclusion 

 In conclusion, this study highlights the multiple factors that affect the GPP in the 

western equatorial Pacific. The principal component analysis showed that temperature 

and NO2 were the most corresponding variable with GPP. Temperature had a negative 

relationship with GPP while NO2 had a positive relationship with GPP. The PCA showed 

the principal component accounted for 54.18% of the variance in GPP. This finding 

contributes to our understanding of NPP and GPP in this region, to address the gap. 

The implication of this research is significant considering the impact of climate change. 

Further research is needed to explore the missing 46.82% not accounted for by looking 

at additional factors to have a more comprehensive understanding of the GPP in the 

western equatorial Pacific.  
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