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Abstract. Coccolithophores contribute substantially to marine carbonate production, yet species-resolved esti-

mates of coccosphere-associated CaCO₃ stocks remain scarce across large-scale trophic gradients. Here we quan-10 

tify multispecific coccosphere carbonate inventories and first-order production estimates along the BIOSOPE tran-

sect across the South Pacific Gyre, one of the most strongly stratified regions of the global ocean. Estimates were 

obtained using an upgraded SYRACO automated recognition workflow combined with bidirectional circular po-

larization (BCP) imaging, allowing direct reconstruction of coccosphere calcite content at the cellular scale. Coc-

colithophore assemblages reproduced the major regional and vertical ecological structures previously described 15 

across the transect, including the transition from nutrient-rich surface communities near the Marquesas Archipel-

ago and the eastern upwelling-influenced region to vertically structured assemblages in the oligotrophic gyre. At 

the transect scale, CaCO₃ standing stocks were primarily controlled by these large-scale trophic gradients, with 

maxima located in surface waters of mesotrophic regions and at depth within the deep chlorophyll maximum in 

the stratified gyre, indicating a vertical decoupling between coccosphere abundance and carbonate inventories 20 

under oligotrophic conditions. Taxon-specific analyses show that carbonate inventories reflect both coccosphere 

abundance and strong interspecific contrasts in calcite content. Isochrysidales, particularly Emiliania huxleyi, 

dominated carbonate stocks through their numerical abundance, whereas more heavily calcified taxa contributed 

disproportionately relative to their cell densities. Despite structuring assemblages in the lower euphotic zone, deep-

dwelling taxa represented only a minor fraction of suspended carbonate stocks in the water column, contrasting 25 

with their major contribution to sedimentary assemblages in oligotrophic regions. First-order CaCO₃ production 

estimates followed spatial patterns similar to standing stocks, with enhanced production in mesotrophic regions 

and a sustained contribution from oligotrophic communities. Although uncertainties remain related to species-

specific growth rates, these estimates provide the first multispecific constraints on coccolithophore calcification 

dynamics in the southeastern Pacific. Overall, this study demonstrates that combining automated coccosphere 30 

recognition with BCP-based carbonate measurements provides a robust framework for resolving species-level 

carbonate inventories across major oceanic trophic gradients and represents an important step toward quantitative 

assessments of coccolithophore contributions to pelagic carbonate cycling at basin scale. 
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1 Introduction 

Calcifying planktonic organisms play a central role in the marine carbon cycle. The calcium carbonate (CaCO₃) 

they produce strongly affects marine carbon chemistry and, indirectly, atmospheric CO₂ (Broecker and Peng, 1982; 

Archer, 1996; Sarmiento and Gruber, 2006). Through their sedimentation, these organisms directly contribute to 

the export of carbonates to the deep ocean (Sundquist and Broecker, 1985; Milliman, 1993; Millero, 2007; Ziveri 40 

et al., 2007). Most pelagic marine CaCO₃ is produced by coccolithophores and foraminifera as calcite (Neuker-

mans et al., 2023; Ziveri et al., 2023), and by planktonic gastropods as aragonite (Buitenhuis et al., 2019; Sulpis 

et al., 2022; Knecht et al., 2023). Quantifying the respective contributions of these groups is therefore essential to 

estimate carbonate production and, ultimately, carbonate sequestration in marine sediments (Neukermans et al., 

2023; Ziveri et al., 2023; Kruijt et al., 2025). 45 

Coccolithophores are ubiquitous components of marine phytoplankton communities and generally account for 10–

20 % of global phytoplankton primary production (Poulton et al., 2007). Within the euphotic zone, they represent 

a dominant fraction of pelagic CaCO₃ production, contributing on average 68–79 % of the total CaCO₃ inventory 

in the North Pacific Ocean (Ziveri et al., 2023; Han et al., 2025) and approximately 80 % in the South Atlantic 

Ocean (Kruijt et al., 2025). Despite this major contribution, the respective roles of individual coccolithophore taxa 50 

in structuring carbonate standing stocks remain insufficiently constrained, particularly in oligotrophic regions of 

the open ocean where communities are vertically stratified and taxonomically diverse. 

This limitation partly reflects the strong interspecific variability in coccosphere calcite mass. Calcification rates 

and coccosphere mass differ substantially among taxa (Beaufort and Heussner, 1999; Young and Ziveri, 2000; 

Daniels et al., 2014, 2016), implying that the most abundant species are not necessarily the dominant contributors 55 

to particulate CaCO₃ inventories. Reliable estimates of carbonate standing stocks therefore require taxon-resolved 

approaches combining abundance measurements with direct estimates of individual coccosphere calcite content. 

Quantifying coccolithophore carbonate production remains methodologically challenging. Satellite-based ap-

proaches cannot resolve species composition or detect populations below the upper tens of meters of the water 

column (Brown and Yoder, 1994; Balch et al., 2007, 2018; Daniels et al., 2018). Optical estimates based on de-60 

tached coccolith morphometry provide valuable constraints but do not fully capture variability at the coccosphere 

level, where both coccolith number and size may vary within populations and even within individual life cycles 

(Daniels et al., 2014; Beuvier et al., 2019; Suchéras-Marx et al., 2021). Direct multispecific estimates of coc-

cosphere-associated carbonate standing stocks therefore remain scarce, especially in oligotrophic oceanic regions. 

Recent developments in bidirectional circular polarization microscopy now allow direct estimation of coccolith 65 

thickness and coccosphere calcite mass independently of microscope calibration (Beaufort et al., 2021), while 

advances in deep-learning-based recognition enable automated identification of coccospheres across multiple taxa. 

These methodological advances now make it possible to quantify taxon-specific contributions to coccosphere-

associated carbonate inventories at the scale of entire oceanic transects. 

The South-East Pacific Gyre represents one of the most oligotrophic regions of the global ocean but also one of 70 

the least constrained in terms of coccolithophore carbonate inventories (Claustre and Maritorena, 2003). Along 

the BIOSOPE transect, Beaufort et al. (2008) provided the first automated estimates of coccosphere-associated 

carbonate stocks for Isochrysidales, showing a strong vertical structuring of their distribution along the deep chlo-

rophyll maximum. However, the contribution of other coccolithophore groups to carbonate standing stocks along 

this major trophic gradient remains largely unresolved. 75 
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Here, we combine these approaches within an upgraded SYRACO framework, including the development of a 

dedicated processing pipeline and systematic expert validation of automated identifications, to provide the first 

multispecific estimate of coccosphere-associated CaCO₃ standing stocks along the BIOSOPE transect and to quan-

tify the taxon-specific contributions of coccolithophore communities across the trophic gradient of the South Pa-

cific Gyre. 80 

2 Materials and methods 

2.1 Setting 

 

Figure 1 Map of the Southeastern Pacific Ocean showing sampling stations (blue dots) along the BIOSOPE tran-

sect (red outline). 85 

 
During the BIOSOPE cruise, conducted in the South-East Pacific aboard the research vessel Atalante from October 

26th to December 11th, 2004, an 8000 km transect was carried out. This sampling strategy covered a wide range of 

contrasted trophic environments (Fig. 1): In the western and eastern sectors, stations located near the Marquesas 

Archipelago (142–130° W) and in the transition zone (100–80° W) between the South Pacific Gyre (SPG) and the 90 

Peru–Chile Upwelling (PCU) are nutrient-rich systems (Claustre et al., 2008; Beaufort et al., 2008). The enrich-

ment of waters around the Marquesas is partly linked to the influence of the South Equatorial Current (SEC), while 

the eastern region benefits from nutrient inputs associated with coastal upwelling. In these regions, maximum 

chlorophyll concentrations are observed at shallow depths, usually between 50 and 100 m (Claustre et al., 2008; 

Ras et al., 2008). In contrast, the central South Pacific Gyre (SPG, 130–100° W) is one of the most oligotrophic 95 

oceanic regions worldwide, characterized by one of the lowest surface chlorophyll concentrations, as well as a 
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particularly deep pycnocline (>200 m) (Claustre et al., 2008). This region also displays strong water column strat-

ification, with a particularly stable deep chlorophyll maximum (DCM) occurring at depths between 160 and 200 

m (Claustre et al., 2008; Cornec et al., 2021). This marked trophic gradient provides a suitable framework to 

investigate variations in coccolithophore abundance and community composition along the transect. 100 

2.2 Coccolithophores  

The composition of contemporary coccolithophore communities varies strongly with latitude and depth as a func-

tion of nutrient availability and light exposure (Okada and McIntyre, 1979; Winter and Siesser, 1994; Boeckel and 

Baumann, 2008; O'Brien et al., 2013; Poulton et al., 2017). In nutrient-rich and weakly stratified environments 

such as the Marquesas region and the Peru–Chile Upwelling transition zone, assemblages are typically dominated 105 

by Isochrysidales, particularly Emiliania huxleyi and Gephyrocapsa (Okada and Honjo, 1973; Beaufort and 

Heussner, 1999; Tyrrell and Merico, 2004; Baumann et al., 2008; Keuter et al., 2022; Guerreiro et al., 2023; Han 

et al., 2025). In contrast, the strongly stratified oligotrophic waters of the South Pacific Gyre generally host more 

diverse assemblages dominated by Umbellosphaera in the upper euphotic zone and Florisphaera profunda near 

the DCM, together with representatives of Syracosphaerales such as Syracosphaera, Discosphaera and 110 

Rhabdosphaera, and deeper-dwelling taxa including Gladiolithus and Algirosphaera (Okada and Honjo, 1973; 

Kinkel et al., 2000; Baumann et al., 2008; Dimiza et al., 2016; Poulton et al., 2017; Keuter et al., 2022; Guerreiro 

et al., 2023; Han et al., 2025). Because coccosphere calcite mass differs substantially among these taxa (Beaufort 

and Heussner, 1999; Young and Ziveri, 2000; Daniels et al., 2014, 2016), this ecological gradient provides a suit-

able framework for assessing their respective contributions to coccolithophore-associated CaCO₃ standing stocks 115 

along the BIOSOPE transect. 

2.3 Sampling 

Coccolithophore samples were collected at 20 stations, with sampling depths defined relative to the deep chloro-

phyll maximum, which is located near the pycnocline and is considered a major intra-oceanic ecotone (Longhurst, 

1998). Water samples were collected at six characteristic depths: the first sample was taken at the surface (0–5 m), 120 

two samples were collected between 5 m and the depth of the DCM, followed by one sample within the DCM 

itself, and finally two additional samples were collected below the DCM. This sampling strategy allowed us to 

characterize coccolithophore communities on both sides of this key ecological boundary. 

2.4 Sample processing 

For most samples, approximately 4 L of seawater were filtered through a cellulose nitrate membrane with a diam-125 

eter of 47 mm and a pore size of 0.45 µm. The membranes were then dried up and stored at room temperature. For 

the four stations located in the PCU region (stations STB20 to UPX2, 80–72° W), a filtration membrane with a 

diameter of 23 mm was used. In the laboratory, one quarter of each membrane was isolated and mounted between 

a microscope slide and coverslip, then sealed with Canada balsam to render the membrane transparent for optical 

analysis. 130 

2.5 Image acquisition 
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For each BIOSOPE sample, a total of 300 adjacent contiguous fields were captured using a Hamamatsu ORCA 

camera (16-bit, 4 Mpixel, monochrome) mounted on an automated Leica polarizing microscope equipped with a 

×100 oil-immersion objective, corresponding to a field area of 15 625 µm². Images were acquired using the uni-

versal bidirectional circular polarization method described by Beaufort et al. (2021), combined with monochro-135 

matic blue illumination (460 nm ± 10 nm, Chroma). 

For each x–y position, twenty-four images were captured at twelve focal depths within a vertical range of approx-

imately 10 µm, first under left circular polarization and then under right circular polarization. For each focal level, 

the images acquired under left and right circular polarization were first combined by calculating their intensity 

difference, producing a stack of thickness-sensitive images. These resulting stacks were subsequently combined 140 

using a multifocal reconstruction procedure to generate a single composite image containing the best-focused bi-

refringent signal for each object in the field. The intensity of this signal is linearly proportional to calcite thickness, 

allowing direct estimation of coccolith and coccosphere calcite mass independently of microscope light calibration 

(Beaufort et al., 2021). 

2.6 Image recognition 145 
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Figure 2 Reconstitution of normalized confusion matrixes for the (a) CoccoClass, (b) Cocconly, and (c) 

DepthSeeker recognition models. “Predicted” refers to expected results for a given class, while “True” indicates 

how many results match with predictions : 0 indicates that found objects count as false positives, whereas 1 

indicates that found objects count as true positives. Blue hue shades highlight values (light blue: false positives, 150 

dark blue: true positives). Model classes abbreviations are: Algirosphaera (Algiro), Calciosolenia (Calsol), 

Ceratolithus (Ceratol), Discosphaera (Disco), Emiliania huxleyi (Emil_Com, Emil_Sml), Florisphaera profunda 

(Flori), Gephyrocapsa (Gephy), Gladiolithus (Gladiol), Helicosphaera (Helico), Rhabdosphaera (Rhabdo), 

Calcidiscaceae (Sphere_Clair, Sphere_sombr), Syracosphaeraceae (Syracos), Umbellosphaera (Umbello_Round, 

Umbello_Crush), Umbilicosphaera spp. (Umbili_Round), and Umbilicosphaera sibogae (Umbili_sibog). 155 

 

Coccolithophore instances were automatically detected and measured using a modified version of the SYRACO 

software (Beaufort and Dollfus, 2004) integrating an object-detection module based on YOLOv8 (Jocher et al., 

https://doi.org/10.5194/egusphere-2026-3055
Preprint. Discussion started: 26 June 2026
c© Author(s) 2026. CC BY 4.0 License.



7 
 

2023). YOLO (“You Only Look Once”) is a fast open-source algorithm specialized in object detection and classi-

fication (Redmon et al., 2016) that has previously been applied to the detection of morphologically variable mi-160 

croscopic objects such as blood cells (Alam and Islam, 2019). 

The training dataset included 15 classes representing the main coccolithophore groups observed in BIOSOPE 

images, following the taxonomy of Young et al. (2003) and the Nannotax database (Young et al., 2022). Because 

YOLOv8 primarily relies on object shape recognition, classes were defined based on coccosphere morphology 

rather than strict taxonomic resolution in order to maximize detection robustness. 165 

Isochrysidales were separated into two classes (Emiliania and Gephyrocapsa), while Syracosphaerales were di-

vided into four classes (Syracosphaeraceae, Calciosolenia, Discosphaera, and Rhabdosphaera). Within Cocco-

lithales, most Umbilicosphaera species were grouped into a single class (Umbilicosphaera spp.), whereas U. sibo-

gae was treated separately because of its larger coccosphere size. Genera Calcidiscus and Oolithotus were grouped 

into a single class (Calcidiscaceae) to improve discrimination from Umbilicosphaera. Deep-photic-zone taxa in-170 

cluded Florisphaera, Gladiolithus, and Algirosphaera. Additional detected classes included Umbellosphaera, Hel-

icosphaera, and Ceratolithus. 

Training annotations were produced manually by an expert user using bounding boxes defining individual coc-

cospheres on bidirectional circular polarization images from samples collected during the independent CARA-

CALHIS cruise in the Caribbean (Ellouz-Zimmermann and Beaufort, 2015), in order to avoid training bias from 175 

BIOSOPE material. Annotated classes were assigned based on coccosphere morphology following the taxonomy 

of Young et al. (2003) and the Nannotax database (Young et al., 2022). 

Models were trained using images acquired under bidirectional circular polarization. Because SYRACO perfor-

mance strongly depends on the number of training instances per class, with several thousand images generally 

required for robust detection, some taxa remained underrepresented. Dominant genera such as Emiliania and 180 

Gephyrocapsa were represented by more than 1,000 training instances, whereas fewer than 200 individuals were 

available for rarer taxa such as Discosphaera, Rhabdosphaera, Florisphaera profunda, and Gladiolithus. To im-

prove model performance, these underrepresented classes were expanded using data augmentation procedures in-

cluding rotation and image-quality transformations. 

A hierarchical object-detection workflow was implemented to improve coccosphere recognition. First, coc-185 

cospheres were detected as a single morphological class using the model “Cocconly”, allowing the extraction of 

candidate coccosphere images independently of their taxonomic identity. This initial detection step ensured robust 

identification of birefringent coccospheres prior to taxonomic classification. 

Extracted coccosphere images were subsequently assigned to taxonomic groups using a classification model, 

“Coccoclass”, trained on coccosphere morphology. This two-step approach allowed separation between object 190 

detection and taxonomic attribution, thereby reducing false positives associated with direct multispecies detection. 

Preliminary results nevertheless showed confusion and limited detection of the deep-dwelling taxa Florisphaera 

and Gladiolithus. Because these taxa are critical for estimating carbonate standing stocks at depth, a third model 

(“DepthSeeker”) was specifically developed to improve their recognition. This model included three classes: Flo-

risphaera, Gladiolithus, and a generic “coccospheres” class grouping all remaining taxa. Florisphaera and Glad-195 

iolithus abundances used in this study were therefore derived from DepthSeeker outputs, whereas all remaining 

coccolithophore taxa were quantified using the Cocconly - Coccoclass classification workflow. 
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Confusion matrices illustrating model performance are provided in Fig. 2a–c and demonstrate that this hierarchical 

detection strategy allowed robust identification of morphologically distinct coccospheres while minimizing mis-

classification of deep-dwelling taxa that are known to be difficult to discriminate under automated recognition.  200 

This workflow was applied to all BIOSOPE samples except the following. Sample MAR1_3 was damaged and 

could not be captured. The content of sample EGY_3 was not visible to SYRACO due to its opacity. In addition, 

frequent losses of focus occurred in sparsely populated samples, leading to image blurring and reduced visibility 

of birefringent particles, which complicated taxonomic recognition. As a result, all samples collected below 230 

m (STB7_1, STB11_1, STB11_2, and STB14_1), together with samples STB14_4 and STB17_1, were considered 205 

non-representative and excluded from the analyses. Furthermore, at the PCU stations (STB20, STB21, UPX1, and 

UPW2), filtration was performed using smaller filters (25 mm diameter instead of 47 mm for the rest of the tran-

sect) because of the higher particle concentrations encountered in these productive waters. Although 4 L of sea-

water were nominally filtered at each station, filtration had to be forced due to rapid filter clogging, resulting in 

uncertainty in the effective filtered volume. Because this prevented reliable estimation of coccolithophore concen-210 

trations and associated CaCO₃ standing stocks, these stations were excluded from further analyses. The study 

therefore focuses on the remainder of the transect (142–80° W). 

2.7 Data processing 

For each taxon analyzed, the number of coccospheres per sample was determined using both SYRACO automatic 

detection and manual counting by an expert user. Coccosphere diameters (µm) and masses (pg) were determined 215 

using SYRACO only. 

Maps and section plots were produced using Ocean Data View (ODV; Schlitzer, 2026). 

2.7.1 Relative and absolute abundances 

Based on the number of individuals, total and taxon-specific concentrations (cells mL⁻¹) were calculated for each 

sample using Eq. (1): 220 

Concentration =
𝑁𝑆

𝑃𝐹𝑉
          (1) 

where N is the number of individuals counted, P is the number of fields captured per sample, S is the filter surface 

area (mm²), F is the field surface area (mm²), and V is the volume of seawater filtered per sample (mL). Absolute 

taxon abundances were vertically integrated by station and along the entire transect using the trapezoidal rule. 

Species assemblages were determined from relative abundances within the water column between 0 and 230 m 225 

depth, corresponding to the regional and transect-wide average maximal sampling depth. To assess the reliability 

of SYRACO-derived estimates, taxon-specific concentrations were compared with manual counts performed in-

dependently by an expert user on a separate dataset of 300 fields per sample using a linearly polarized light mi-

croscope with a field area of 31,416 µm². A correction factor of 2.01 was applied to account for differences in field 

surface area between both approaches. Correlations between SYRACO and manual counts were quantified using 230 

Pearson correlation coefficients (n = 80 samples). A principal component analysis (PCA) was also performed to 

examine the distribution of taxa among samples. 

2.7.2 Average diameter 
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Most coccospheres exhibited a spherical or ovoid morphology. However, many instances were incomplete, having 

lost part of their coccoliths, and some taxa, such as Calciosolenia, displayed an elongated morphology, making 235 

diameter measurements less straightforward. Therefore, we used the maximum Feret diameter to provide a repre-

sentative estimate of coccosphere size. 

2.7.3 Average mass 

Coccosphere calcite mass was estimated using bidirectional circular polarization (BCP) microscopy, which allows 

direct quantification of calcite thickness from birefringence phase differences (Beaufort et al., 2022). Thickness 240 

measurements obtained with this method are more precise than estimates based on coccolith length and width 

because they rely on optical phase retardation measurements with nanometer-scale sensitivity rather than geomet-

ric approximations. Calcite thickness was converted into mass using the density of calcite (2.71 g cm⁻³). 

BCP-derived coccosphere calcite mass estimates have been independently validated through comparison with vol-

umetric measurements obtained using X-ray nanotomography on coccospheres of several Isochrysidales species 245 

(Beuvier et al., 2019), demonstrating the reliability of this approach for taxa whose crystallographic c-axis is ori-

ented perpendicular to the optical trajectory. 

However, in some coccolithophore groups such as Coccolithales and Zygodiscales, parts of the coccolith structure 

include calcite elements oriented parallel to the optical trajectory (Young et al., 2003). These elements do not 

contribute to birefringence signals and therefore remain undetected in BCP images, leading to systematic under-250 

estimation of coccosphere calcite mass if uncorrected. For example, in Coccolithales, only the proximal shield and 

the collar contribute to the birefringence signal. To account for this limitation, correction factors were applied 

based on structural reconstructions of coccolith architecture (Young et al., 2003, 2022) and on the correction ap-

proach proposed by Cubillos et al. (2012) for Coccolithus pelagicus. Correction factors of 1.4 for Helicosphaera 

and Syracosphaera spp, 1.6 for Umbilicosphaera spp. and U. sibogae, and 2.2 for Calcidiscaceae were applied to 255 

average coccosphere mass estimates. These corrected values provide improved first-order estimates of coc-

cosphere calcite mass and therefore of their contribution to carbonate standing stocks. 

For taxa represented by fewer than 10 individuals in a sample, sample-specific morphometric estimates were re-

placed by the average coccosphere mass calculated from the entire BIOSOPE transect for that taxon. This average 

value was then multiplied by coccosphere abundance to estimate carbonate standing stocks. 260 

2.7.4 CaCO₃ stock distribution and taxa contributions 

Because intact coccospheres mainly represent recently produced calcite associated with the contemporary cocco-

lithophore population, whereas free coccoliths may include a substantial contribution from previously detached 

elements transported within the water column, coccosphere abundance and individual mass were used to estimate 

coccolithophore-associated CaCO₃ standing stocks (pg mL⁻¹) using Eq. (2): 265 

CaCO3 Quantity =  
𝑀𝑁𝑆

𝑃𝐹𝑉
                (2) 

where M is the average individual coccosphere mass per sample, N is the number of individuals, P is the number 

of fields captured per sample, S is the filter surface area (mm²), F is the field surface area (mm²), and V is the 

volume of seawater filtered per sample (mL). The resulting CaCO₃ stock values were then used to determine car-

bonate distribution, along with the global and localized relative contribution of each taxon. 270 
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The resulting absolute CaCO₃ stock values were vertically integrated at each station and subsequently integrated 

along the transect using the trapezoidal rule. Similarly to abundances, overall and localized taxa contributions were 

represented based on relative CaCO₃ stocks and on regional and transect-wide mean maximal sampling depth. 

2.7.5 CaCO₃ production rates estimates 

After describing the spatial and taxonomic distribution of CaCO₃ standing stocks, we estimated first-order CaCO₃ 275 

production rates in order to evaluate the potential contribution of coccolithophores to calcite production along the 

transect. Because in situ growth rates were not available for the sampled communities, production rates were esti-

mated using published laboratory maximum specific growth rates (µmax), providing upper-bound approximations 

of potential calcite production. Production rates were calculated using Eq. (3): 

Production rate = 𝐶𝑊𝜇         (3) 280 

where C is the vertically integrated coccosphere concentration (cells m⁻²), W is the taxon-specific average coc-

cosphere mass at the transect scale (µg CaCO₃ cell⁻¹), and µ is the taxon-specific growth rate (d⁻¹). 

Maximum specific growth rates (µmax) were taken from published laboratory estimates for Emiliania huxleyi, 

Gephyrocapsa, Syracosphaera pulchra, Calcidiscus leptoporus, and Helicosphaera carteri (Sett et al., 2014; Fio-

rini et al., 2011; Diner et al., 2015; Bianco et al., 2025b; Ziveri et al., 2025). Growth rates of S. pulchra were 285 

applied to all Syracosphaerales, while those of C. leptoporus were applied to Calcidiscaceae. Production rates 

for Umbellosphaera, Ceratolithus, Algirosphaera, Florisphaera profunda, and Gladiolithus were estimated using 

the minimum growth rate reported for C. leptoporus (Diner et al., 2015). 

Because coccolithophore growth rates strongly depend on environmental conditions such as light availability, 

temperature, and nutrient concentrations, which vary markedly along the BIOSOPE transect, these estimates 290 

should be considered first-order approximations of potential production rather than direct measurements of in situ 

calcification rates. 

3 Results 

3.1 Coccolithophores Abundances 

3.1.1 Spatial distribution  295 

https://doi.org/10.5194/egusphere-2026-3055
Preprint. Discussion started: 26 June 2026
c© Author(s) 2026. CC BY 4.0 License.



11 
 

  

Figure 3 Vertical distribution of Coccolithophores abundance (coccosphere ml-1) vertical distribution along sam-

pled depth (black dots) of the BIOSOPE transect obtained from (a) SYRACO and (b) manual-based counts. 

 

When vertically integrated across depths and along the transect (142–80° W), total coccosphere standing stocks 300 

reached 8.58 × 10¹⁵ cells m⁻¹ in SYRACO and 8.04 × 10¹⁵ cells m⁻¹ in manual counts. Mean concentrations were 

similar between both datasets, averaging 7.58 cells mL⁻¹ (SYRACO) and 7.10 cells mL⁻¹ (manual counts), with 

nearly identical median values (5.74 and 5.75 cells mL⁻¹, respectively). Coccosphere concentrations ranged from 

0.96 to 36.53 cells mL⁻¹ in SYRACO counts and from 2.67 to 51.62 cells mL⁻¹ in manual counts. In both datasets, 

coccolithophore abundances were generally higher in nutrient-rich regions, with maximum concentrations ob-305 

served at the easternmost sampling station (Fig. 3a and b). 

At the transect scale, coccolithophore assemblages were dominated by Isochrysidales together with the genus 

Umbellosphaera. Mean concentrations of Emiliania huxleyi, Gephyrocapsa, and Umbellosphaera reached 3.59, 

0.99, and 1.05 cells mL⁻¹ in SYRACO counts, compared with 3.29, 1.33, and 1.13 cells mL⁻¹ in manual 

counts. Emiliania huxleyi was especially abundant in the upper euphotic zone (0–100 m) of the eastern region, 310 

whereas Gephyrocapsa was more prevalent near the Marquesas in the western sector. 

Within the Syracosphaerales, Syracosphaeraceae represented the dominant group in SYRACO counts (0.42 cells 

mL⁻¹ on average), whereas manual counts indicated higher abundances of Rhabdosphaera (0.29 cells mL⁻¹). Sy-

racosphaeraceae coccospheres were distributed throughout the upper 200 m of the water column and were more 

abundant in the eastern region. In manual counts, their concentrations averaged 0.17 cells mL⁻¹, with a slight 315 

increase between 50 and 100 m near the Marquesas. Discosphaera and Rhabdosphaera displayed similar 
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distribution patterns, with most individuals located within the upper 50 m, particularly in the central region. Aver-

age concentrations reached 0.08 cells mL⁻¹ (Discosphaera) and 0.09 cells mL⁻¹ (Rhabdosphaera) in SYRACO 

counts and 0.12 cells mL⁻¹ (Discosphaera) in manual counts. Manual observations also 

showed Rhabdosphaera extending down to 100 m depth in the central region and slightly higher abundances in 320 

the eastern sector. 

Calciosolenia was detected along the entire transect in both datasets, with mean concentrations of 0.21 cells mL⁻¹ 

in SYRACO counts and 0.05 cells mL⁻¹ in manual counts. Higher abundances occurred near 100 m depth in the 

eastern region and below 80 m in the central gyre. SYRACO also detected a substantial population near the Mar-

quesas. 325 

Among the Coccolithales, Umbilicosphaera sibogae occurred along the entire transect with similar mean concen-

trations in SYRACO and manual counts (0.19 and 0.17 cells mL⁻¹, respectively), peaking near stations located at 

the transition between the central gyre and peripheral nutrient-rich regions (100–80° W). Other Umbilico-

sphaera species averaged 0.29 cells mL⁻¹ in SYRACO counts and 0.04 cells mL⁻¹ in manual counts and were more 

frequent in nutrient-rich waters, particularly between 0 and 100 m depth in the eastern and western regions, but 330 

were scarcely present in the upper euphotic zone (0–50 m) of the central gyre. Other Calcidiscaceae were mainly 

observed in the eastern and western sectors, with slightly lower abundances in manual counts (0.37 cells mL⁻¹) 

than in SYRACO counts (0.46 cells mL⁻¹). 

Deep-dwelling taxa were primarily observed near the transition between the Marquesas region and the central 

oligotrophic gyre. Florisphaera profunda and Gladiolithus occurred predominantly in the lower euphotic zone, 335 

with abundance maxima below 150 m in the Marquesas region and below 200 m in the central gyre. Mean con-

centrations remained low, averaging 0.07 and 0.03 cells mL⁻¹ in SYRACO counts and 0.06 and 0.03 cells mL⁻¹ in 

manual counts for Florisphaera and Gladiolithus, respectively. Algirosphaera reached mean concentrations of 

0.10 cells mL⁻¹ in SYRACO counts and 0.02 cells mL⁻¹ in manual counts, with maxima observed in nutrient-rich 

waters at 25–60 m depth at 134.09° W (SYRACO) and near 105 m depth at 95.45° W (manual counts). 340 

Umbellosphaera represented the third most abundant taxon after Emiliania and Gephyrocapsa, with mean con-

centrations of 1.05 cells mL⁻¹ in SYRACO counts and 1.13 cells mL⁻¹ in manual counts. SYRACO detected Um-

bellosphaera along the entire transect, with higher concentrations in the eastern sector down to 150 m depth. In 

manual counts, concentrations were higher in the western half of the transect, with maxima observed between 0 

and 50 m near the Marquesas and between 50 and 100 m in the central gyre. 345 

Rare taxa included Helicosphaera and Ceratolithus. Helicosphaera averaged 0.02 cells mL⁻¹ in SYRACO counts 

and 0.01 cells mL⁻¹ in manual counts and occurred mainly within the upper 100 m in the western region and, to a 

lesser extent, in the eastern sector. Manual counts recorded Helicosphaera between 0 and 50 m near the Marquesas 

and near 100 m depth in the eastern sector. Ceratolithus averaged 0.01 cells mL⁻¹ in SYRACO counts and 0.02 

cells mL⁻¹ in manual counts and was detected intermittently along the transect down to 200 m depth. 350 

3.1.2 Assemblage composition 
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Figure 4 Vertical profile of coccolithophore assemblage composition from the surface to –250 m from (a) SY-

RACO and (b) manual-based counts. Relative abundances are calculated in 50 m increments. 355 

 

Transect-wide, Emiliania was the most abundant taxon, accounting for 47.33 % of total integrated abundance in 

SYRACO counts and 46.38 % in manual counts. Assemblages derived from SYRACO (fig. 4a) exhibited slightly 

more diversity than those obtained from manual counts (fig. 4b). 

Coccolithophore communities in the eastern and western regions were largely dominated by Isochrysidales. As-360 

semblages from the Marquesas were dominated by Gephyrocapsa (SYRACO: 35.85 %; manual: 45.87 %), 

whereas those in the eastern transition region were dominated by Emiliania (SYRACO: 77.64 %; manual: 90.59 

%). Marquesas assemblages nevertheless showed higher diversity, with a substantial contribution from Calcidis-

caceae, including Umbilicosphaera spp. (8.01 % in SYRACO). In contrast, communities near the PCU were mark-

edly more homogeneous and strongly dominated by Emiliania. 365 
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Assemblages in the central gyre were more diverse and vertically structured than in nutrient-rich regions. Between 

0 and 230 m depth, the two dominant taxa were Emiliania (SYRACO: 28.40 %; manual: 25.18 %) and Umbello-

sphaera (SYRACO: 25.76 %; manual: 29.37 %). 

In the upper euphotic layer (0–100 m), assemblages were dominated by Umbellosphaera, together with contribu-

tions from Discosphaera, Rhabdosphaera, and Syracosphaeraceae. In the intermediate layer (100–200 m), assem-370 

blages remained largely dominated by Isochrysidales, with Emiliania dominating SYRACO counts (38.94 %) 

and Gephyrocapsa dominating manual counts (39.5 %). Umbellosphaera also represented a substantial component 

of the assemblages in both datasets (SYRACO: 16.05 %; manual: 7.72 %). 

Below 200 m depth, assemblages showed increasing contributions from deep-dwelling taxa and were mainly com-

posed of Emiliania (SYRACO: 21.74 %; manual: 18.03 %) and Florisphaera (SYRACO: 17.09 %; manual: 28.29 375 

%), together with substantial contributions from Gephyrocapsa (SYRACO: 14.04 %; manual: 23.09 %), Gladio-

lithus (SYRACO: 10.11 %; manual: 21.54 %), and Umbellosphaera (SYRACO: 12.28 %; manual: 0.32 %). Other 

taxa remained minor components (<7 %). 

Some discrepancies were nevertheless observed between both approaches, notably higher relative abundances 

of Umbilicosphaera sibogae and Calciosolenia in the central region in SYRACO results compared with manual 380 

counts. Despite these differences, overall assemblage composition derived from SYRACO remained broadly con-

sistent with manual counts. 

3.1.3 Statistical analysis 
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Figure 5 PCA results depicting the position of taxa (red text) and BIOSOPE samples (black text) on the PC1/PC2 385 

plane of the PCA. Model classes abbreviations are: Algirosphaera (Algr), Calciosolenia (Clsln), Ceratolithus 

(Crtl), Discosphaera (Dsc), Emiliania huxleyi (E.hux), Florisphaera profunda (F.prf), Gephyrocapsa (Gphc), 

Gladiolithus (Gdlt), Helicosphaera (Hlc), Rhabdosphaera (Rbd), Calcidiscaceae (Cldsc), Syracosphaeraceae 

(Syr), Umbellosphaera (Umbl), Umbilicosphaera spp. (Ublc), and Umbilicosphaera sibogae (U.sbg). BIOSOPE 

samples are identified by a letter associated to a specific station, in order of sampling (A: SE3, B: MAR1, C: 390 

HLN1, D: STB1, E: STB2, F: STB3, G: STB4, H: STB7, I: GYR2, J: STB11, K: STB13, L: STB14, M: STB15, 

N: EGY2, O: STB17, P: STB18) followed by the sampling depth. Affiliated taxon and samples are highlighted 

with colored ellipses.  

 

A principal component analysis (PCA) based on taxon-specific concentrations (Fig. 5) revealed a clear regional 395 

and vertical structuring of BIOSOPE samples consistent with the assemblage patterns described above. 

Samples from the eastern region were primarily associated with Emiliania, whereas samples from the western part 

of the transect showed stronger affinities with Gephyrocapsa, Helicosphaera, Calcidiscaceae, and Umbilico-

sphaera spp. Samples from the central gyre were mainly associated with Discosphaera, Syraco-

sphaeraceae, Rhabdosphaera, Umbellosphaera, and Umbilicosphaera sibogae. Deep samples were characterized 400 

by associations with Algirosphaera, Florisphaera, Gladiolithus, and Calciosolenia. 

Overall, this clustering reflects the major trophic and vertical gradients previously described along the BIOSOPE 

transect and supports the ecological consistency of the assemblage structure derived from SYRACO. 

3.1.4 Pearson correlation analysis 

 405 
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Figure 6 Pearson correlation between human and SYRACO-based total coccolithophore abundance estimates in 

BIOSOPE samples (blue dots). Regression curve is depicted in blue. 

 

Overall, SYRACO and manual counts showed strong agreement at the transect scale (R = 0.91; slope = 1.08), 

indicating consistent proportionality between both datasets for total coccosphere abundances (Fig. 6). This agree-410 

ment was primarily driven by dominant taxa that structure assemblage composition and control most of the coc-

cosphere-associated CaCO₃ standing stocks. 

At the taxon-specific level, the strongest correlations were observed for Isochrysidales (Emiliania: R = 

0.93; Gephyrocapsa: R = 0.81), together with the deep-dwelling taxa Florisphaera profunda (R = 0.84) and Glad-

iolithus (R = 0.87). These taxa represent the main contributors to total coccosphere abundances along the transect 415 

and therefore largely determine the overall agreement between both approaches. 

Moderate correlations were obtained for Umbilicosphaera sibogae, Calciosolenia, Calcidiscaceae, 

and Rhabdosphaera, whereas weaker correlations characterized Syracosphaeraceae and Umbilicosphaera spp. 

These differences likely reflect increasing taxonomic complexity and lower abundances compared to dominant 

taxa. 420 

Very weak correlations were observed for Umbellosphaera and Discosphaera, and no significant correlation was 

detected for Helicosphaera, Ceratolithus, and Algirosphaera. These taxa were typically represented by fewer than 

10 individuals per sample and were counted using different microscope configurations in the automated and man-

ual approaches. Under such conditions, small absolute counting differences between methods can produce large 

relative variations, mechanically reducing correlation coefficients without indicating systematic disagreement be-425 

tween datasets. 

Despite weak correlations observed for several low-abundance taxa, assemblage composition and regional patterns 

of coccosphere-associated CaCO₃ standing stocks derived from SYRACO remained consistent with those obtained 

from manual counts. These differences therefore mainly reflect counting variability associated with rare taxa rather 

than systematic discrepancies between methods. 430 

3.2 Carbonate standing stock  

3.2.1 Coccosphere masses and diameters 

Table 1 Taxon-specific individual average weight (pg cell-1) and diameter (µm cell-1), minimum and maximum 

applied growth rates (d-1) and CaCO3 production rate estimates (pg CaCO3 d-1). 

Taxa 
Total 

count 

Weight (pg cell-1) Diameter (µm cell-1) Growth rate (d-1) 
CaCO3 production rate  

(pg CaCO3 d-1) 

Average 
Strd 

Dev 
Average 

Strd 

Dev 
Min Max Sources Min Max 

 Emiliania huxleyi 8508 22.50 ± 0.49 4.97 5.47 ± 0.04 0.41 0.6 1.4 Sett et al. (2014) 13.50 31.50 

 Gephyrocapsa 2014 45.11 ± 0.91 9.26 6.38 ± 0.05 0.52 0.6 1.1 Sett et al. (2014) 27.06 49.62 

 Calciosolenia 308 30.47 ± 3.33 33.92 12.69 ± 0.4 4.08 0.53 0.66 from S. pulchra values 16.15 20.11 

 Discosphaera 148 38.68 ± 2.32 23.71 9.39 ± 0.2 1.99 0.53 0.66 from S. pulchra values 20.50 25.53 

 Rhabdosphaera 147 42.88 ± 2.43 24.82 8.96 ± 0.25 2.55 0.53 0.66 from S. pulchra values 22.72 28.30 

 Syracosphaeraceae 755 80.99 ± 4.16 42.39 11.95 ± 0.24 2.48 0.53 0.66 Fiorini et al. (2011) 42.92 53.45 

 Helicosphaera 89 176.38 ± 15.21 155.11 9.43 ± 0.35 3.59 0.36 0.44 Bianco et al. (2025) 63.50 77.61 
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 Umbellosphaera 1265 31.47 ± 0.88 9.00 7.87 ± 0.14 1.48 0.15 0.15 from C. leptoporus values 4.72 4.72 

 Ceratolithus 13 77.67 ± 3.64 37.11 12.00 ± 0.31 3.16 0.15 0.15 from C. leptoporus values 11.65 11.65 

 Umbilicosphaera 

spp. 
576 151.88 ± 4.84 49.35 9.30 ± 0.12 1.22 0.15 0.61 from C. leptoporus values 22.78 92.65 

 Umbilicosphaera 

sibogae 
221 189.03 ± 9.23 94.13 16.38 ± 0.41 4.22 0.15 0.61 from C. leptoporus values 28.35 115.31 

Calcidiscaceae 1120 44.53 ± 2.07 21.08 5.49 ± 0.08 0.77 0.15 0.61 Diner et al. (2015) 6.68 27.16 

 Algirosphaera 159 61.55 ± 3.56 36.35 8.51 ± 0.14 1.46 0.15 0.15 from C. leptoporus values 9.23 9.23 

 Florisphaera  

Profunda 
122 23.39 ± 0.97 9.88 5.34 ± 0.1 1.02 0.15 0.15 from C. leptoporus values 3.51 3.51 

 Gladiolithus 62 30.61 ± 2.31 23.59 7.54 ± 0.16 1.60 0.15 0.15 from C. leptoporus values 4.59 4.59 

 435 

At the scale of the entire transect, coccosphere masses varied markedly between major taxonomic groups (Table 

1). Within the Isochrysidales, Gephyrocapsa exhibited higher average coccosphere mass (45.11 ± 0.91 pg) 

than Emiliania (22.5 ± 0.49 pg), although both taxa displayed similar coccosphere diameters (5.47 ± 0.04 µm and 

6.38 ± 0.05 µm, respectively) and limited variability. 

Among the Syracosphaerales, Syracosphaeraceae showed the highest average coccosphere mass (80.99 ± 4.16 pg), 440 

whereas Calciosolenia exhibited the lowest values (30.47 ± 3.33 pg). Despite its lower mass, Calciosolenia dis-

played a larger average diameter (12.69 ± 0.40 µm) than Syracosphaeraceae (11.95 ± 0.24 µm), reflecting its 

elongated coccosphere morphology. Discosphaera and Rhabdosphaera showed similar morphometric character-

istics, with comparable masses (38.68 ± 2.32 pg and 42.88 ± 2.43 pg) and diameters (9.39 ± 0.2 µm and 8.96 ± 

0.25 µm). 445 

Within the Coccolithales, Umbilicosphaera displayed the highest coccosphere masses of all taxa analysed, reach-

ing 151.88 ± 4.84 pg for Umbilicosphaera spp. and 189.03 ± 9.23 pg for U. sibogae. Coccosphere diameter aver-

aged 9.30 ± 0.12 µm and 16.38 ± 0.41 µm, respectively, with particularly strong variability observed in U. sibogae. 

Other Calcidiscaceae exhibited lower average masses (44.53 ± 2.07 pg) and smaller diameters (5.49 ± 0.08 µm). 

Among deep-dwelling taxa, Algirosphaera displayed the highest values (61.55 ± 3.56 pg; 8.51 ± 0.14 µm), 450 

whereas Florisphaera and Gladiolithus showed lower average masses (23.39 ± 0.97 pg and 30.61 ± 2.31 pg) and 

smaller diameters (5.34 ± 0.10 µm and 7.54 ± 0.16 µm), with limited morphometric variability.  

Umbellosphaera exhibited intermediate coccosphere mass (31.47 ± 0.88 pg) and diameter (7.87 ± 0.14 µm), 

whereas Ceratolithus showed higher values (77.67 ± 3.64 pg; 12.00 ± 0.31 µm). Helicosphaera displayed one of 

the highest coccosphere masses among all taxa studied (176.38 ± 15.21 pg), despite being represented by relatively 455 

few individuals. 

3.2.2 CaCO₃ distribution  
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Figure 7 CaCO3 stock (mmol m-3) vertical distribution along sampled depth (black dots) of the BIOSOPE transect. 

The black line represents the DCM based on Claustre et al (2008).  460 

 

The total calcite standing stock represented by coccospheres reached approximately 3.47 × 106 mmol m⁻¹ along 

the entire transect corresponding to an average of 515 × 10-3 mmol m⁻². The highest calcite standing stocks were 

observed in nutrient-rich regions (Fig. 7), reaching on average 677 × 10-3 mmol m⁻² offshore of the Marquesas 

Archipelago and 801 × 10-3 mmol m⁻² in the eastern transition region. Although lower, a substantial calcite stock 465 

was also present in the oligotrophic central gyre (~300 × 10-3 mmol m⁻²). 

In the western and eastern regions, most of the carbonate stock was concentrated in the upper euphotic layer, with 

maximum densities between 0 and 50 m depth. In contrast, in the central gyre, calcite standing stocks were pri-

marily located in the intermediate (100–200 m) and deep (200–230 m) layers of the euphotic zone, where the 

CaCO₃ maximum generally coincided with the DCM, typically located between 150 and 200 m. 470 

Across the transect, nutrient-rich regions accounted for most of the total calcite standing stock (Marquesas: 38.07 

%; eastern region: 45.08 %), whereas the central gyre contributed only ~16.86 %. 

3.2.3 Taxon-specific carbonate stocks 
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 475 

Figure 8 Vertical profile of Coccolithophore contribution ( %) to Calcite stocks from the surface to –250 m. Rel-

ative contributions are calculated in 50 m increments. 
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Among the various taxa, Emiliania accounted for the largest fraction of the total calcite standing stock at the tran-

sect scale (129 × 10-3 mmol m⁻² or 24.99 %) (Fig. 8). However, at the regional scale, CaCO₃ stocks were primarily 480 

driven by locally dominant taxa. 

Near the Marquesas Archipelago, most of the calcite stock was contributed by Gephyrocapsa (30.39 %), whereas 

in the eastern region near the PCU, Emiliania largely dominated carbonate standing stocks (57.62 %). Despite its 

low abundance in global assemblages (3.76 %), Umbilicosphaera spp. substantially contributed to the CaCO₃ 

stock in nutrient-rich regions (Marquesas: 21.95 %; eastern region: 13.88 %). 485 

In the central region of the transect, carbonate standing stocks were shared among a broader diversity of taxa, with 

major contributions from Syracosphaeraceae (19.65 %), Umbellosphaera (19.08 %), Umbilicosphaera sibo-

gae (21.51 %), and, to a lesser extent, Emiliania (14.53 %). 

As observed for abundances, taxon-specific contributions to calcite standing stocks also varied vertically along the 

water column. In the upper euphotic layer (0–100 m), most of the calcite stock was contributed by Syraco-490 

sphaeraceae (31.69 %) and Umbellosphaera (22.17 %), with additional contributions from U. sibogae (16.23 %) 

and Emiliania (11.39 %). Although abundant in surface waters, Discosphaera and Rhabdosphaera contributed 

only minor fractions of the calcite stock in this layer (2.85 % and 2.79 %, respectively). 

In the intermediate euphotic layer (100–200 m), U. sibogae was the dominant contributor to the calcite stock 

(27.89 %). Isochrysidales also accounted for a substantial fraction (Emiliania: 21.63 %; Gephyrocapsa: 15.64 %), 495 

while the remaining stock was mainly represented by Syracosphaeraceae (11.52 %) and Umbellosphaera (11.18 

%). 

In the deep euphotic layer (200–230 m), the calcite stock was again largely dominated by U. sibogae (19.16 %), 

with additional contributions from Syracosphaeraceae (12.62 %), Gephyrocapsa (15.97 %), Emiliania (10.76 %), 

and Umbellosphaera (10.09 %). Deep-dwelling taxa together accounted for 19.36 % of the total carbonate stock 500 

(Florisphaera profunda: 9.95 %; Gladiolithus: 5.47 %; Algirosphaera: 3.93 %). 

3.2.4 CaCO₃ production rates estimates 
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Figure 9 CaCO3 production rate estimates (mmol m-2 d-1) along the BIOSOPE transect. Minor taxa include Cal-505 

ciosolenia, Discosphaera, Rhabdosphaera, Umbellosphaera and Ceratolithus. Coccolithales is comprised of Um-

bilicosphaera spp., Umbilicosphaera sibogae and Calcidiscaceae. Other Calcifying taxa include Syracospa-

heraceae and Helicosphaera. Deep-dwelling taxa is comprised of Algirosphaera, Florisphaera and Gladiolithus). 

 

Estimated coccolithophore CaCO₃ production along the transect ranged between 1.39 × 10⁶ and 2.96 × 10⁶ mmol 510 

m⁻¹ d⁻¹, corresponding to average values between 0.21 and 0.44 mmol m⁻² d⁻¹ (Fig. 9). 

The highest CaCO₃ production rates were observed in the eastern region (~54.19 % of total production), largely 

dominated by Emiliania (77.66 %). Offshore of the Marquesas (~32.6 %), production was mainly driven 

by Gephyrocapsa (46.06 %), with an additional contribution from Umbilicosphaera spp. (15.81 %) (Table 1 and 

2). 515 

Although lower, the contribution from SPG communities (~13.2 %) remained substantial and involved a broader 

diversity of taxa, including Syracosphaeraceae (26.14 %), Emiliania huxleyi (25.08 %), Gephyrocapsa (17.01 %), 

and U. sibogae (12.56 %). However, these estimates should be considered first-order approximations, as growth 

rates applied to Umbellosphaera and deep-dwelling taxa—dominant in the upper and deep euphotic layers of the 

central gyre—were based on the minimal growth rate reported for Calcidiscus leptoporus. 520 

Because taxon-specific growth rates remain poorly constrained under the contrasted environmental conditions 

encountered along the transect, the reliability of production estimates likely varies among taxa. Nevertheless, 
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estimated production rates for individual Emiliania huxleyi and Helicosphaera carteri fall within the range re-

ported in previous studies, with values between 6 and 20 pg CaCO₃ cell⁻¹ d⁻¹ for Emiliania, and slightly below the 

lower threshold of ~80 pg CaCO₃ cell⁻¹ d⁻¹ for Helicosphaera (De Bodt et al., 2010; Langer et al., 2009; Šupraha 525 

et al., 2015, cited in Bianco et al., 2025a). 

 

Table 2 Absolute and relative calcite concentrations (mmol m-2) and production estimates (mmol m-2 d-1) at the 

transect and specific regional scale. 

Region 

CaCO3 Standing Stock CaCO3 Production Estimates 

Average 

(mmol m-2) 
% 

Average (mmol m-2 d-1) 
% 

Min Max 

Full transect 0.51 - 0.21 0.44 - 

Marquesas 0.68 38.07 0.25 0.54 32.60 

SPG 0.3 16.86 0.11 0.2 13.20 

East 0.8 45.08 0.4 0.93 54.19 

 530 

4 Discussion 

4.1 SYRACO performance and biases 

Overall, the new SYRACO iteration proved robust for quantifying coccolithophore abundances at the transect 

scale. Total coccosphere concentrations showed strong agreement with manual counts (R = 0.91 with a regression 

slope nearing unity y = 1.08), indicating that the automated workflow reproduces absolute abundance estimates 535 

with high accuracy. Because these total concentrations integrate the contribution of all taxa across the water col-

umn, this result demonstrates the reliability of SYRACO for reconstructing the large-scale structure of coccolith-

ophore populations along the BIOSOPE transect. 

At the taxonomic level, the strongest agreement with manual counts was obtained for the dominant taxa structuring 

coccolithophore assemblages, particularly Isochrysidales (Emiliania and Gephyrocapsa) and the main deep-dwell-540 

ing taxa (Florisphaera profunda and Gladiolithus). These groups represent the largest contribution to both total 

coccosphere abundances and coccosphere-associated CaCO₃ standing stocks, so their accurate detection is critical 

for the quantitative objectives of this study. Their high correlations with manual counts therefore confirm the 

robustness of the automated approach for the taxa that control most of the carbonate inventory along the transect. 

More generally, SYRACO-derived assemblages reproduced the main regional and vertical ecological gradients 545 

observed along the BIOSOPE transect. This consistency is further supported by the PCA, which shows that auto-

mated counts correctly capture the ecological structuring of coccolithophore communities across the Marquesas 

region, the eastern transition zone, and the oligotrophic South Pacific Gyre. These results indicate that SYRACO 

reliably reconstructs the spatial organization of coccolithophore assemblages at the ecosystem scale. 

Lower correlations observed for several secondary taxa mainly reflect their low abundances rather than systematic 550 

disagreement between automated and manual counts. When fewer than ~10 individuals are detected per sample, 

small absolute counting differences between methods mechanically produce large relative variations and therefore 

reduce correlation coefficients. In most cases, these taxa were consistently identified as rare by both approaches, 
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indicating good agreement in absolute terms despite weak statistical correlations. Because these taxa contribute 

only marginally to total coccosphere abundances and carbonate standing stocks, their limited statistical agreement 555 

has little influence on the reconstruction of assemblage structure or CaCO₃ inventories. 

Some remaining discrepancies between SYRACO and manual counts appear to reflect methodological differences 

related to imaging conditions. In particular, Emiliania abundances were systematically higher in manual counts in 

the eastern sector. SYRACO may underestimate coccospheres occurring within aggregates because only peripheral 

individuals are reliably resolved, whereas manual counts may include overlapping specimens. This effect was 560 

particularly evident in sample STB18_4, where slight filter deformation generated focal heterogeneity and likely 

reduced the detection of small E. huxleyi. Conversely, discrepancies observed for Gephyrocapsa in sample 

STB13_3 may partly reflect slight overestimation in manual counts, as SYRACO results were supported by inde-

pendent manual annotation performed directly on the corresponding images. 

Taxon-specific morphological characteristics also contributed to the observed variability. SYRACO showed good 565 

agreement with manual counts for taxa with distinctive morphologies such as Calciosolenia and Umbilicosphaera 

sibogae, although fragmented coccospheres of Calciosolenia may occasionally be interpreted as multiple individ-

uals. Lower correlations for Calcidiscaceae, Syracosphaeraceae, Rhabdosphaera, Discosphaera, and Umbello-

sphaera likely reflect a combination of limited representation in the training dataset, preservation state of coc-

cospheres in BIOSOPE samples, and differences in visibility between imaging modes. In particular, some Syra-570 

cosphaerales such as Michaelsarsia are less visible under linear polarization and may therefore be underestimated 

in manual counts, whereas bidirectional circular polarization combined with grey-level analysis improves their 

detection in SYRACO outputs. 

Finally, the absence of correlation for Algirosphaera, together with its occasional occurrence in unexpected shal-

low samples in SYRACO outputs, suggests residual misclassification during inferences, possibly involving con-575 

fusion and ensuing false positives. However, these rare discrepancies do not significantly affect the reconstruction 

of regional assemblage structure or coccosphere-associated carbonate standing stocks, which remain broadly con-

sistent between SYRACO and manual counts. 

4.2 Ecological structure of Coccolithophores communities: 

 580 
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Figure 10 Mean coccosphere-associated CaCO3 concentrations across major South Central Pacific coccolitho-

phore assemblages. Depicted concentrations are calculated based on same-colored samples. The black line repre-

sents the DCM based on Claustre et al (2008). 

 

Because SYRACO and manual counts showed strong agreement across the transect, the resulting assemblages 585 

provide a reliable basis for ecological interpretation. Coccolithophore communities followed the expected trophic 

gradient between the productive western sector near the Marquesas Archipelago, the eastern transition zone toward 

the Peru–Chile Upwelling, and the strongly stratified oligotrophic waters of the South Pacific Gyre (SPG). Coc-

cosphere concentrations remained within the range reported for other subtropical gyres, including the North Pacific 

Subtropical Gyre (Han et al., 2025), supporting the representativeness of the observed distributions. 590 

In nutrient-rich and transitional regions, assemblages were largely dominated by Isochrysidales, particu-

larly Gephyrocapsa near the Marquesas and Emiliania huxleyi in the eastern sector, consistent with previous de-

scriptions of the BIOSOPE transect (Beaufort et al., 2008). Such dominance is in agreement with the well-known 

affinity of opportunistic Isochrysidales for nutrient-enriched and weakly stratified environments (Okada and 

Honjo, 1973; Tyrrell and Merico, 2004; Baumann et al., 2008; Poulton et al., 2017; Keuter et al., 2022; Guerreiro 595 

et al., 2023; Han et al., 2025). 

In contrast, assemblages in the SPG were more vertically structured and taxonomically diverse, reflecting strong 

water-column stratification and reduced nutrient supply in surface waters. The upper euphotic layer was dominated 

by Umbellosphaera together with Syracosphaeraceae and Rhabdosphaera, taxa typically associated with warm, 

stratified, oligotrophic environments (Hagino et al., 2000; Baumann et al., 2008; Keuter et al., 2022; Han et al., 600 

2025). In deeper layers, Florisphaera profunda, Gladiolithus, and Algirosphaera became increasingly abundant, 

consistent with their recognized affinity for the lower euphotic zone in oligotrophic systems (Okada and Honjo, 

1973; Beaufort et al., 2008; Dimiza et al., 2016; Poulton et al., 2017; Guerreiro et al., 2023). 

The marked concentration of Isochrysidales near the DCM further supports the view that this depth horizon rep-

resents a major ecological niche for coccolithophores in stratified subtropical gyres (Baumann et al., 2008; Beau-605 

fort et al., 2008; Keuter et al., 2022). The distribution of U. sibogae further confirms its affinity for oligotrophic 

environments (Okada and Honjo, 1975; Giraudeau, 1992 cited in Baumann et al., 2008), whereas Umbilico-

sphaera spp. appeared preferentially associated with more productive waters. Altogether, these results highlight 

strong ecological compartmentalization of coccolithophore communities along the BIOSOPE transect, controlled 

primarily by trophic gradients and water-column stratification. This organization is synthesized in Fig. 10, where 610 

the PCA-derived assemblages closely follow depth and trophic structure, with the F. profunda assemblage occur-

ring predominantly below ~150 m, in agreement with Okada and Honjo (1973). 

4.3 Carbonate standing stocks 

The spatial organization of coccosphere-associated CaCO₃ stocks across the BIOSOPE transect reveals a strong 

coupling between carbonate inventories and large-scale trophic structure, but also a marked decoupling from coc-615 

cosphere abundance under oligotrophic conditions. In productive regions near the Marquesas Archipelago and the 

eastern transition zone, carbonate maxima largely coincided with coccolithophore abundance maxima in the upper 

euphotic zone, reflecting enhanced nutrient availability and elevated coccolithophore standing stocks. In contrast, 

within the strongly stratified South Pacific Gyre (SPG), carbonate maxima systematically occurred deeper than 
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abundance maxima and generally coincided with the DCM (Claustre et al., 2008), indicating that carbonate accu-620 

mulation is tightly linked to subsurface productivity and ecological stratification. 

Despite its strongly oligotrophic character, the SPG contributed a substantial fraction of the transect-wide coc-

cosphere-associated carbonate inventory, emphasizing the potential role of highly stratified gyres in basin-scale 

carbonate budgets. Similar moderate contrasts between productive transition zones and subtropical gyres have 

been reported in the North Pacific (Han et al., 2025), although the absolute carbonate stocks estimated here remain 625 

slightly lower. This difference likely reflects both the stronger oligotrophic character of the southeastern Pacific 

and methodological differences, as the present estimates are restricted to intact coccospheres and exclude detached 

coccoliths, which may represent an important component of suspended particulate carbonate. 

Taxon-specific contributions further demonstrate that coccolithophore carbonate inventories are not linearly re-

lated to coccosphere abundances. While Emiliania huxleyi dominated transect-scale carbonate stocks primarily 630 

through its numerical abundance, several heavily calcified taxa, particularly Umbilicosphaera spp., U. sibogae, 

and Syracosphaeraceae, contributed disproportionately relative to their cell densities because of their high coc-

cosphere calcite content. This highlights the importance of accounting for interspecific calcification differences 

when estimating pelagic carbonate inventories. 

Conversely, deep-dwelling taxa such as Florisphaera profunda and Gladiolithus contributed only modestly to sus-635 

pended carbonate stocks despite their ecological importance in the lower euphotic zone. This contrasts with sedi-

mentary assemblages from oligotrophic regions, where F. profunda frequently dominates both coccolith abun-

dance and carbonate contribution (Beaufort et al., 1997; Hernández-Almeida et al., 2018; Beaufort et al., 2022). 

Such discrepancy may reflect enhanced export efficiency and preservation of coccoliths produced near the DCM, 

or reduced remineralization compared with surface-produced taxa. 640 

More broadly, the coccosphere-based carbonate estimates obtained here highlight the value of bidirectional circu-

lar polarization (BCP) imaging for direct taxon-resolved carbonate quantification. Unlike coccolith morphometric 

approaches based on detached coccoliths, this method directly estimates coccosphere-scale calcite content and 

therefore better captures the biological structure of carbonate standing stocks. The consistency of BCP-derived 

coccosphere masses for Emiliania and Gephyrocapsa with independent experimental estimates (Yang et al., 2022) 645 

further supports the reliability of this approach. 

4.4 Carbonate production estimates 

First-order estimates of coccolithophore CaCO₃ production broadly followed the spatial organization of coc-

cosphere-associated carbonate standing stocks, with the highest production occurring in productive regions and 

lower but sustained production within the oligotrophic SPG. The dominant contribution of Emiliania huxleyi in 650 

the eastern sector and Gephyrocapsa near the Marquesas further confirms the central role of Isochrysidales in 

carbonate production under nutrient-enriched conditions (Fig. 10). 

Despite low surface productivity, the SPG still represented a substantial contribution to transect-scale carbonate 

production, suggesting that strongly stratified subtropical gyres may constitute persistent carbonate-producing sys-

tems at basin scale. Similar limited contrasts between productive transition zones and oligotrophic gyres have been 655 

reported in the North Pacific (Han et al., 2025), although production estimates obtained here remain lower, likely 

reflecting both environmental differences between the southeastern and northwestern Pacific and methodological 

differences in growth-rate assumptions. 
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Nevertheless, these production estimates should be interpreted cautiously. Applied growth rates derive from la-

boratory cultures performed under nutrient-replete and light-saturated conditions and therefore likely overestimate 660 

in situ production, particularly in oligotrophic waters and in the lower euphotic zone. Furthermore, growth rates 

had to be generalized across several taxonomic groups for which no species-specific data are available. Conse-

quently, the estimates presented here should be regarded as first-order potential production rather than direct meas-

urements of calcification rates. 

Despite these limitations, the present approach provides the first multispecific estimate of coccolithophore car-665 

bonate production across the southeastern Pacific at transect scale. More importantly, it enables quantitative com-

parison of the relative contributions of major taxonomic groups and trophic regimes to pelagic carbonate cycling, 

offering a framework for future integration of in situ growth rates and detached coccolith contributions. 

5 Conclusion 

This study provides the first multispecific assessment of coccosphere-associated CaCO₃ standing stocks and first-670 

order production estimates along the BIOSOPE transect in the southeastern Pacific, using an upgraded SYRACO 

framework combined with bidirectional circular polarization (BCP) imaging. The automated recognition workflow 

produced results consistent with manual counts and previously described assemblage structures, capturing the 

major trophic and vertical gradients across one of the strongest productivity contrasts of the global ocean. 

At the transect scale, carbonate standing stocks were primarily structured by large-scale trophic gradients, with 675 

maxima located in surface waters of nutrient-rich regions offshore of the Marquesas Archipelago and in the eastern 

transition zone. In contrast, in the South Pacific Gyre, CaCO₃ maxima systematically coincided with the DCM, 

indicating a vertical decoupling between coccosphere abundance and carbonate inventories and highlighting the 

strong coupling between calcification and subsurface productivity under stratified conditions. Despite its oligo-

trophic character, the gyre contributed a substantial fraction of the transect-scale carbonate inventory, emphasizing 680 

the non-negligible role of stratified oceanic regions in basin-scale pelagic carbonate budgets. 

Taxon-specific analyses further demonstrate that carbonate inventories are not solely controlled by coccosphere 

abundances but also by strong interspecific differences in coccosphere calcite content. While Isochrysidales, par-

ticularly Emiliania huxleyi, dominated carbonate stocks through their numerical abundance, several more heavily 

calcified taxa contributed disproportionately relative to their densities. Conversely, deep-dwelling taxa, although 685 

structuring assemblages in the lower euphotic zone, represented only a minor fraction of suspended carbonate 

stocks in the water column. This contrast with their major contribution to sedimentary assemblages in oligotrophic 

regions suggests differences in production depth and transfer efficiency between surface and deep photic commu-

nities. 

First-order production estimates followed spatial patterns similar to those observed for standing stocks, with en-690 

hanced carbonate production in mesotrophic regions and a sustained contribution from oligotrophic communities. 

Although these estimates remain constrained by uncertainties related to species-specific growth rates and environ-

mental variability, they provide the first multispecific constraints on taxon-resolved calcification dynamics in the 

southeastern Pacific. 

Overall, this study demonstrates that combining automated coccosphere recognition with direct coccosphere-scale 695 

carbonate measurements using BCP imaging provides a robust framework for resolving the taxonomic structure 

of pelagic carbonate inventories. This approach represents an important step toward quantitative, species-resolved 

https://doi.org/10.5194/egusphere-2026-3055
Preprint. Discussion started: 26 June 2026
c© Author(s) 2026. CC BY 4.0 License.



27 
 

assessments of coccolithophore contributions to oceanic carbonate cycling across major trophic gradients of the 

global ocean. 
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