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Point-by-point responses to the reviewers 

 

Factors contributing to the concentrations and stable isotopic ratios of sea-ice 

particulate organic carbon and nitrogen in the Indian sector of the Southern Ocean 

 

Keigo D. Takahashi, Ryosuke Makabe, Masayoshi Sano, Kazuki Nakata, Noriaki Kimura, 

Daiki Nomura, Michiyo Yamamoto-Kawai, Ryo Matsuda, Natsumi Nojiro, Masato Ito, Shintaro 

Takao, Naho Horimoto-Miyazaki, Aiko Tachibana, Norio Kurosawa, Takeshi Tamura, Mizuki 

Komatsu, Kay I. Ohshima, Kohei Mizobata, Shigeru Aoki, and Masato Moteki 

 

Thank you very much for your time and peer review. The responses and revised text in this 

file (circled by quotation marks "") are written with the line numbers (L.###) which correspond 

to the manuscript with track changes ‘Author's track-changes file’. 

 

Changes in the manuscript not mentioned by reviewers 

In the estimation of POCInput, we did not consider density of sea ice; the ice melt thickness in 

Table 2 was equivalent to the thickness ”before” its melting (Komatsu et al. 2025). Therefore, 

the original sea-ice meltwater flux and estimation of POCInput were slightly overestimated 

given that sea ice density is usually <950 kg m−3. In the revised manuscript, we corrected the 

values by multiplying density of sea ice (ρi=900 kg m−3) used in Komatsu et al. (2025). We 

added following equation in the text (L.290–294); 

 

"The sea ice meltwater flux was multiplied by the POCVWM concentration in sea ice to 

estimate the POC flux from sea ice to the water column per unit area (mg C m−2 year−1). 

 

𝑃𝑂𝐶𝐼𝑛𝑝𝑢𝑡 = 𝐻𝑖 × 𝜌𝑖 × 𝑃𝑂𝐶𝑉𝑊𝑀 (6) 

Here, Hi is ice melt thickness and ρi is the density of sea ice (0.90) used in Komatsu et al. 

(2025)." 

 

We also noticed erroneous marks in Fig. 3f which indicated significant differences of δ13C 

between the regions. We corrected the figure and checked these revisions did not change 

our discussion and conclusion. 

 

 
Figure 3f: Regional or ice-type (FYI/OI brash ice v.s. newly formed ice) differences in 

stable isotopes of POC (f). 

 

Reviewer 1 

This manuscript presents a valuable and comprehensive dataset on particulate organic 

matter bulk concentrations and stable isotope compositions from summer brash ice across a 



 Response  

２ 

 

broad spatial extent of the Indian sector of the Southern Ocean. As current knowledge of 

sea-ice biogeochemistry is largely based on studies of spring fast ice, this investigation of 

degrading summer brash ice provides important insights into the composition, 

transformation, and potential export of organic matter during the seasonal melt period. The 

authors' estimation of the contribution of sea-ice-derived POC relative to regional primary 

production represents a particularly noteworthy contribution. 

 

However, the manuscript has several key limitations, including a lack of alignment between 

the title and abstract and the broader context presented in the Introduction; an ecological 

interpretation that places considerable emphasis on zooplankton food-web dynamics without 

supporting evidence from direct zooplankton observations. Addressing these issues would 

substantially improve the coherence, scientific rigor, and overall impact of the manuscript. 

 

Major Comments 

 

1. The title can be made concise and eye-catching. 

We changed the title to "Factors contributing to the concentrations and stable isotopic ratios 

of sea-ice particulate organic carbon and nitrogen in the Indian sector of the Southern 

Ocean". 

 

2. The title and abstract explicitly position stable isotopes as a primary tool and the focus of 

this study. However, the current Introduction is heavily skewed toward lower-trophic-level 

synchronization, phytoplankton blooms, and physical sea ice retreat. There is almost no 

conceptual background establishing the biogeochemical framework of stable isotopes in 

polar environments. The authors should dedicate 1 paragraph in the Introduction to framing 

why isotopes are necessary here. 

We created the following paragraph describing the significance to study the stable isotopes 

of POC/PN and their theoretical framework (L.128–142); 

 

"The ranges of previously reported δ13C and δ15N values of sea-ice POM are extremely wide, 

yet the factors driving these variations are not fully understood. In aquatic systems, δ13C and 

δ15N change depending on isotopic fractionation by photosynthetic organisms, the types of 

assimilated nutrients (e.g., nitrate and ammonium), the isotopic composition of dissolved 

inorganic carbon in the environment, and differences in fractionation factors among 

taxonomic groups (Casciotti et al., 2003; 2009; Henley et al., 2012). Because the isotopic 

ratios of POM in the ocean often reflect the environmental conditions (e.g., dissolved CO2 

concentration), it is possible to reconstruct the past surface pCO2 (Bentaleb et al., 1998; 

Lourey et al., 2004) or nitrate concentrations (Francois et al., 1992) by using the isotopic 

ratios in sediments. In sea ice, however, although the carbon isotope fractionation coefficient 

of ice algae is lower than that of open-ocean phytoplankton (Munro et al., 2010), δ13C of POC 

is generally higher and wider due to a decrease in CO2 concentration in the brine by active 

algal photosynthesis (Kennedy et al., 2002). Similarly, the δ15N of PN in sea ice is higher than 

that in seawater (Rau et al., 1991), which is thought to be due to POM decomposition, the 

recycling of nitrogen nutrients, and the consumption of NH4
+. Recently by using isotopic ratio 

of nitrogen, 70% of the consumed nitrogen was estimated to be from the regenerated nitrate 

in Antarctic sea ice (Fripiat et al., 2014). These studies indicate that the δ13C and δ15N of 

POM are closely related to ice-algal production, nutrient consumption, and recycling, 
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suggesting that they can help us understand material cycling processes within sea ice which 

are difficult to observe directly." 

 

We changed the last line of the abstract ”These results suggest that the carbon supply from 

sea ice is a crucial factor supporting ecosystems in the seasonal sea ice zone.” as follows 

(L.35–52); 

 

"This result suggests that sea ice melt provides significant portion of organic matters 

potentially supporting Antarctic ecosystems in the seasonal sea ice zone, which could be 

traced by difference of sea-ice and seawater stable isotopic compositions."” 

 

3. The sea-ice dataset is impressive, capturing 102 samples across 24 stations over a four-

year period (2016–2020) across a massive geographical range. In contrast, the comparative 

seawater POM dataset is highly restricted, sampled only twice daily during a single cruise in 

a single month (January 2019, UM18-08 cruise). The authors must explicitly discuss this 

limitation in the Discussion and exercise caution when making direct statistical or variance 

comparisons between the two distinct sample matrices. 

We revised text to explicitly state that our data is not representative of all regions/seasons by 

stating the spatio-temporal limitation of our POM data in surface water, in particular when 

comparing with sea-ice POM. 

 

In Section 4.2. we compared our δ13C and δ15N values and stated it’s restricted in January 

(L.468–471); 

 

"Although spatiotemporally limited, our δ13C and δ15N of surface seawater obtained in 

January was lower than those of sea ice (−29±1.0‰ for δ13C and −0.5±1.3‰ for δ15N). The 

small variability in isotopic ratios in seawater is likely owing to the narrower ranges of 

sampling region (50–64°S) and periods (January) compared to the previous data sets 

conducted in 37–70°S during June and May over several years (Espinasse et al., 2019)." 

 

In Section 4.4. we noted seasonal variations of POC:PN in seawater (L.599–602); 

 

"It should be noted, however, that surface seawater POC:PN ratios in this study are 

conservative values for they were determined in the most productive season (Janurary), 

when POC:PN usually reaches minimum during spring and autumn (Smith et al., 2000)." 

 

4. The Introduction builds an extensive narrative around filter-feeding zooplankton 

communities, copepod/krill life cycles, and trophic structures. Because the manuscript does 

not measure actual zooplankton tissue isotopes or grazing rates, the ecological conclusions 

are entirely speculative based on estimated flux. To avoid over-promising, the text in the 

Introduction and Discussion should be re-scoped to focus tightly on characterizing the supply 

and quality of the organic matter source itself, rather than framing the manuscript as a direct 

investigation into zooplankton feeding ecology. 

We merged the 2nd and 3rd paragraphs of introduction and substantially shortend the 

paragraphs with more focus on the quality and quantity of sea-ice POM (L.61–73); 
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"In the Southern Ocean, the vast seasonal sea ice zone (SIZ) plays a crucial role in 

controlling the primary production and carbon export to the depth (Ardyna et al., 2017; 

Zúñiga et al., 2021). Ice-edge phytoplankton blooms can occur during sea ice melting 

(Wilson et al., 1987), which accounts for more than 10% of primary production south of 50°S 

(Arrigo et al., 2008). Primary consumers (such as copepods and salps), the drivers of the 

biological pumps and sequestering organic carbon into the deep ocean, have life cycles that 

rely on carbon dynamics following ice melting (Makabe et al., 2017; Tachibana et al., 2023; 

Sugioka et al., 2021). However, ice-edge blooms occur in only approximately 20% of the 

area (Fitch and Moore, 2007) because of large variations in iron supply (Sedwick and 

DiTullio, 1997), water-column stratification (Wilson et al., 1986), and the released ice algae, 

which serve as a seeding population (Garrison et al., 1987; van Leeuwe et al., 2022). 

Despite the significant heterogeneity in phytoplankton biomass (chlorophyll a [Chl a] 

concentration), zooplankton distribute more ubiquitously (Takahashi et al., 2011). Reviews by 

Dalman et al. (2025) summarized high particulate organic carbon (POC) concentrations 

(>1,000 µg L−1) and POC:Chl a ratios (>1,000) in the upper summer sea-ice cores. Hence, 

particulate organic matter (POM) from sea ice is hypothesized to sustain these primary 

consumers and the knowledge on its quantity and quality could contributes to our 

understanding of the carbon cycle in the Southern Ocean." 

 

The final paragraph in Section 4.4., which was the only discussion part about the influence of 

sea-ice POM on zooplankton, was shortened and any speculative notion was deleted 

(L.594–605); 

 

"Finally, we discuss the impact of POC supply from sea ice on the carbon content in the 

water column from the perspective of primary consumers. Antarctic filter-feeding euphausiids 

have been reported to consume ice algae which constitute 5–36% (11% on average) of the 

carbon in their diet in the summer MIZ (Kohlbach et al., 2019). Although it remains unknown 

if all sea-ice derived POM are consumed or settle to the depth or remineralized in the water 

column, our estimate (>14% of MIZ production), which was temporally integrated, fell within 

this range. In this study, the POC:PN ratio was >10 on average, indicating lower food quality 

than phytoplankton (surface seawater POM, 5.2±0.5 POC:PN ratio in this study). It should be 

noted, however, that surface seawater POC:PN ratios in this study are conservative values 

for they were determined in the most productive season (Janurary), when POC:PN usually 

reaches minimum during spring–autumn (Smith et al., 2000). Daase et al. (2011) found the 

growth time and body size during the nauplius stage were equivalent to those when fed high-

quality (low POC:PN ratio) food (Daase et al., 2011). Therefore, POM from sea ice during the 

summer have a potential to support the growth of zooplankton larvae (such as copepod 

nauplii) and needs to be tested by grazer’s isotopic signatures." 

 

5. Line no. 229 “Sea-ice POM δ13C and δ15N ranged from −35.1‰ to −3.1‰” are correct 

values, but they do not match with Table 1 and Figure 2. 

We revised the original text (L.314). The correct values are −35.1‰ to −11.7‰ for δ13C and 

−3.8‰ to +11.1‰ for δ15N. The range (y-axis) of δ15N plot (Fig. 2b) is smaller than the 

sample range because the sample with the highest δ15N (+11.1‰) did not have δ13C value 

due to the lack of quality for this sample. 
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Reviewer 2 

The observational dataset presented in this manuscript is highly valuable and fills an 

important gap in measurements of summer brash sea-ice BGC in the Indian sector of the 

Southern Ocean. Such observations are relatively scarce, and the dataset provides a useful 

contribution to our understanding of sea-ice BGC and the potential role of melting sea ice as 

a source of organic matter to the upper ocean. The manuscript is generally well written and 

the figures are clear. However, I have a several concerns regarding the justification of some 

methodological assumptions and the strength of several interpretations. In particular, the 

estimation of ice algal carbon, interpretation of POC:Chl a ratios, and several interpretations 

based primarily on correlation analyses would benefit from additional clarification and 

discussion of their associated uncertainties. Addressing the comments below would 

substantially strengthen the manuscript. 

 

Specific comments 

 

Line 25 – Remove “this”. 
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We revised as suggested (L.25). 

 

Line 31- Seawater mean and SD aren’t given in main text. 

We added mean and SD in Section 3.1 (L.319–320); 

 

"Seawater POM δ13C and δ15N were −28.8±1.0‰ (−30.9‰ to −27.0‰) and −0.5±1.4‰ 

(−3.1‰ to +1.5‰), respectively and no relationships were observed between them." 

 

Line 32 – “indicating” seems a bit strong given that these are correlations rather than direct 

measurements. Perhaps consider changing “indicating” to “suggesting”, particularly for the 

inference regarding decomposition. 

We agree to change it to "suggesting" (L.32). 

 

Line 54 – Include a reference here for seeding theory such as van Leeuwe et al 2022. Also, 

similarly for stratification influences and iron supply as there are papers on this. 

We added following references (L.67–68); 

 

Seeding theory: Garrison et al. (1987) and van Leeuwe et al. (2022) 

Iron from sea ice: Sedwick and DiTullio (1997) 

Stratification of water column: Wilson et al. (1986) 

 

Line 67 – Remove “and accumulate data.” 

We removed as suggested. 

 

Line 68 – Does PN include both organic and inorganic N? If not, would PON be more 

appropriate for consistency with particulate organic carbon (POC). 

Because of the limitation in analytical method, it is not possible to discriminate inorganic 

nitrogen (PIN) from PON. The measured data includes both organic and inorganic nitrogen 

and PON is termed PN in most sea-ice and ocean studies though inorganic fraction would be 

minimal. Since PN is most commonly used (e.g., Arrigo et al., 1999; Henley et al., 2012), we 

would like to use PN. 

 

Line 80 – I am not sure what is meant by ‘when fast ice and pack ice floes are well 

established to land on ice’. please rephrase for clarity. 

The original text suggested thick and (usually) undeformed ice where ice coring can be 

conducted safely. We clarified this statement (L.143–144); 

 

"To date, much of the POM data have been obtained from sea-ice core samples collected 

during spring, when fast ice or pack ice floes are thick enough to conduct ice coring and 

observations safely on ice." 

 

Line 105-106 – Were all cores (even for bio) stored at -20 before analysis and approx. how 

long was this frozen period? Or was this only on physical cores – clarify. 

All sea ice was stored frozen for not longer than 12 months in the dark prior to melting. Cold 

room (−20°C) is recommended to halt biological activity (Miller et al., 2015) and freezing ice 

for months are found in biogeochemical studies of Antarctic sea ice (van der Merwe et al., 
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2009; Sahashi et al., 2022; Nomura et al., 2023; Johnson et al., 2024) if onboard processing 

was not feasible. We added duration in text (L.178–179); 

 

"The collected sea ice was immediately packed into polyethylene bags and stored in the dark 

at −20°C (Miller et al., 2015) until analysis for not longer than 12 months." 

 

Line 108 – What was the seawater filtered through GF/F’s for… POC/N? 

Yes. We clarified it was for POC/PN and isotopes (L.181); 

 

"For POC/PN concentrations and δ13C and δ15N, a total of 1.0 to 2.3 L of seawater was 

filtered through..." 

 

Line 123-124 and 130 are a repeat of description for filtering for Chl a, choose one to keep. 

We removed an overlap in method descriptions in Section 2.2. and Section 2.3. (L.195–196, 

202–203); 

 

"The filters were soaked in N,N-Dimethylformamide (Suzuki and Ishimaru, 1994) and stored 

at −20°C in the dark." 

 

"The pigments on filters were extracted with N,N-Dimethylformamide for at least 24 h and Chl 

a concentrations were measured using a pre-calibrated fluorometer (Welschmeyer, 1994)." 

 

Line 149-150 – Did you use the sea ice nutrient data from these papers? The data aren’t 

cited then, rather they are used/sourced? Rephrase. 

We used sea-ice salinity, nutrient, Chl a values reported from those studies, however, not all 

data were published in open access data system. Therefore, all data including nutrients etc. 

were articulated in a single file and archived in the system (URL is included in Data 

availability section). For clarity, we moved this statement to Section 2.1. and revised as 

follows (L.175–178); 

 

"For UM18-08, UM19-08, JARE61, and KH19-01 sea-ice salinity, nutrients and Chl a 

concentration of some samples are published in the previous studies (Takahashi et al., 2022; 

2023; 2025, Nomura et al., 2023). Along with these datasets, we compiled unpublished data 

(e.g., POC, PN, and stable isotopic ratios etc.) and archived in the Arctic and Antarctic Data 

Archive System (ADS)." 

 

Line 154-155 – Brine convection and exchange also influence bulk concentrations and 

doesn’t necessarily dilute nutrients. This process may also be worth acknowledging here. 

We included the following remark (L.232–234); 

 

"It should be noted that this method focuses on the seasonal changes in nutrient 

concentration (i.e., changes since sea-ice formation) and does not completely rule out the 

effect of brine convection or exchange with seawater which could dilute/supply nutrient in sea 

ice." 

 

Section 2.6 – I found the calculation of IAC somewhat unclear. Could the authors clarify 

exactly how IAC was estimated and where the IAC:Chl a ratio originates? Line 166 states 
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that this ratio was estimated from "field observations", but it is not clear whether these 

observations come from the present study, a previous publication, or a larger independent 

dataset. If the IAC:Chl a ratio is independent of the present dataset, please clarify its source 

and justify its applicability to the samples analysed here. Given the known variability in algal 

C:Chl relationships with species composition, physiological state, and environmental 

conditions, it would be helpful to discuss the uncertainty associated with applying a single 

mean conversion factor. As this conversion is applied in several subsequent interpretations, 

additional justification and discussion of its limitations would strengthen the subsequent 

interpretations. 

The IAC:Chl a data are independent from this study except those in Figure S1c (Takahashi et 

al., 2023), which is the same samples as St. KH19-1. We added IAC and Chl a plots with 

linear regressions determined from the 3 previous publications as a supplement 

(Supplementary Fig. S1, shown below). The mean and standard deviation was calculated 

from the slopes of regressions (91.7, 32.5, 39.0). 

Figure S1 

The relationships between ice-algal carbon (IAC) and chlorophyll a (Chl a) concentration of 

Antarctic sea ice. The plots in Fig. S1a–c are created from the data published by Becquevort 

et al. (2009), Meiners et al. (2011), Takahashi et al. (2023), respectively. All IAC data were 

obtained from microscope count and conversion to carbon content from bio-volume. 

 

We agree that several factors influence IAC:Chl a ratios and added discussion and limitation 

on this point (L.251–253); 

 

"This ratio still has uncertainty which affects our estimation of POCalgae because of the 

variabilities among studies (Fig. S1). Natural ice-algal assemblages change their cellular 

carbon or Chl a content under the alleviated light condition (Gosselin et al., 1990)." 

 

Line 170 – Define F.  Is this the mean IAC:Chl a 54.4? 

Yes, we added definition (L.250); 

 

"Here, F is the mean IAC:Chl a ratio." 

 

Line 179 – What is the resolution for thickness data? I’d also add in a short sentence about 

the low sea ice concentration influencing why you don’t have DSF for some stations. I see it’s 

in the caption of Table 1 but would be good to state in this section 2.7. 
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We don’t have a specific resolution for thickness data, like the direct measurements (e.g., ice 

coring or electromagnetic induction). Ice thickness was determined by salt budget analysis 

using CTD data collected during melt seasons, assuming that salinity deficits in water column 

reflects the amount of ice melt (Komatsu et al., 2025). 

 

We added an explanation why some stations are missing DSF in Section 2.7 (L.266–268); 

 

"Because sea-ice motion was estimated using cross-correlations of pixels in a 60 km×60 km 

window, the trajectories and DSF data are missing in Sts. KH19-1 and ROV which lacked 

valid sea-ice data around the sampling site." 

 

Results & Discussion 

Line 228 – Add specific panel you reference… ‘a’ to Fig 2. 

We revised as suggested (L.313). 

 

Line 234 – Add maximum value found at St S35. 

We revised as suggested (L.319). 

 

Figure 2 – Include regression coefficients on the figure panels a-c, if significant like Fig 6. 

We added spearman’s rank coefficients and p-values in Fig. 2a-c. 

 

Figure S1, S2, S3 – I would add that the panel labels “B, C, D, KH20-1, RAS, CD2” are 

station names in the captions to be clear for the reader. 

We added "St." before each station name. 

 

Section 3.5 heading – suggest removing “production in the”. 

We revised as suggested (L.402). 

 

Table 2. What is ‘b’? I would also suggest re-arranging the footnotes alphabetically. I assume 

‘e’ is supposed to be ‘b’. 

We’re sorry that caption was incorrect. It should be "bEstimates from Komatsu et al. (2025)", 

which denotes that ice melt thickness was cited from this study. We revised the caption. 

 

For the meltwater calculation, where does the time unit come from?  Table 2 reports a mean 

ice melt thickness of 0.82m, yet the resulting POC input is expressed as mg mg -2 yr-1. Is the 

Komatsu et al. estimate an annual cumulative sea-ice melt thickness? If so, reporting this as 

0.82 m yr-1 (or stating explicitly what it represents) would make the calculation much clearer. 

Yes, the unit is per year. We revised it in Table 2 (L.412). 

 

Line 269: The reported value -24.6 and -24.4 for δ13C differs from the value in the abstract. 

Please check for consistency. 

We corrected the values in the abstract and text (L.29–30, 356–357); 

 

"The δ13C and δ15N values of sea-ice particulate matter were −24.4±3.2‰ and +1.5±2.2‰ 

(mean±standard deviation), respectively..." 
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"The mean (±SD) δ13C and δ15N values for sea ice excluding newly formed ice were 

−24.3±3.2‰ and +1.6±2.2‰, respectively (−24.4±3.2‰ and +1.5±2.2‰ for all sea ice)." 

 

We included the range and variation originating from IAC:Chl a ratios in the discussion, 

where the input of ice-algal carbon were compared between this study and Ackley et al. 

(1979), following the comment (L.588–592). 

 

Line 313 – Does the 27.9 Tg yr-1 MIZ value account for both open water and ice, or just ice-

derived primary production? I couldn’t find the value in the Arrigo paper. Are you taking a SIZ 

calculation and applying it to only the MIZ? I see in the footnotes in Table 2 it contains MIZ 

and MIZ shelf… do you consider this to be equivalent to the SIZ? 

The value 27.9 Tg yr-1 is solely the open water primary production estimated just after 

seasonal sea-ice retreat (14 days after sea ice concentration dropped <10%). To match with 

our sea-ice data in 20–160°E, we summed the averages of annual primary production within 

MIZ and MIZ shelf (MIZ in shallow coastal regions) in the South Indian Ocean (20–90°E) and 

Southwest Pacific Ocean sectors (90–160°E). The data were cited from Table 5 of Arrigo et 

al. (2008). 

 

Line 339 – should be “Fig. 3c, b”. 

We revised the figure citations in the order they appear in Fig. 3 (L.442–443); 

 

"...while the Chl a and POC concentrations in this study were 0.2–4.0 µg L−1 and 246.1–

1354.0 µg L−1, respectively (Fig. 3b, c)." 

 

Line 329-330 – Could the authors clarify/expand why higher DSF is interpreted as indicative 

of greater light limitation? As ice ages and decays, floes may become smaller and more 

fragmented, potentially increasing light exposure. 

We removed this statement for the discussion on light limitation was not appropriate here; 

mean cumulative PAR (irradiance that sea ice experience since its formation) remains 

relatively constant as ice grows older (Raymond et al., 2009) and sea ice breakup was not 

considered. 

 

Fig 4. The C:N ratio appears higher than redfield ratio. It may be worthwhile assessing 

whether this could reflect the accumulation of carbon-rich matter over time (e.g., EPS, lipids, 

fatty acids), nitrogen limitation or other factors influencing orgranic matter composition. 

We added the following discussion on this point in Section 4.1. (L.432–438); 

 

"In accord with the previous studies, POC:PN ratio was generally higher than that in 

seawater and the median for Antarctic sea ice is around 10 (Dalman et al., 2025). This is 

partly owing to ice algae which have high C:N ratio even in nutrient-replete condition (Gleitz 

and Thomas, 1993). Under nutrient (NO3
−) limitation, POC:PN could increase to >20 

(McMinn et al., 1999) and it is more pronounced in productive spring season (Roukaerts et 

al., 2016; Dalman et al., 2025). EPS are rich in carbon and may accumulate in older sea ice 

as suggested by comparison of FYI and MYI (Meiners et al., 2003). Although there was no 

significant relationship between DSF and POC:PN (Spearman's rank correlation test, 

p=0.49), inferring the combination of nutrient status and EPS affected our results." 
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Section 4.4 acknowledges the potential influence of seasonal sampling on the regional POC 

estimate. The discussion could acknowledge additional assumptions underlying this first-

order regional calculation, such as the representativeness of the sampled brash ice, the use 

of a regional mean melt thickness, and the comparison of POC supply with primary 

production estimates. 

We added discussion on the potential variabilities in estimating POC supply and its 

contribution to production in the MIZ in Section 4.4. (L.573–576); 

 

"It should be acknowledged that these estimates are averaged ones and the spatial or 

temporal differences are expected owing to variations in ice melt thickness (0.2–1.6 m, 

Komatsu et al., 2025), sea-ice POC concentration (Fig. 3c), and primary production in the 

MIZ (21.4–37.2 Tg year−1, Arrigo et al., 2008)." 

 

Line 456 – The value of 924 mg m-2 yr-1 is different in Table 2. Since Ackley et al. estimated 

carbon input using Chl data, would it be more appropriate to compare that estimate with the 

calculated ice algal carbon? 

We corrected the value in the text. Although Ackley et al. (1979) took their estimate as POC 

(including non-algal carbon), we also calculated POC flux using Chl a data, considering that 

Ackley’s estimation is ice-derived carbon (L.588–592); 

 

"If we use our ChlVWM value and POC:Chl a ratio (37) used in Ackley et al. (1979), the 

POCInput was estimated to be 327.7 mg m−2 year−1. The input of ice-algal carbon (IACInput) 

using ChlVWM and IAC:Chl a was 535.3±188.1 (278.8–812.1) mg m−2 year−1 and our most 

conservative estimate was greater than that by Ackley et al. (1979), suggesting a significant 

underestimation caused by the measured sea-ice Chl a concentrations and the conversion 

factor from Chl a to POC." 
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