The spatial and temporal variations in net primary production and carbon dynamics of cultivated giant kelp (Macrocystis pyrifera) off Namibia
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[bookmark: _Toc199842914]Fig. 1 Relationship between average canopy giant kelp biomass and average NDVI from May 2023 to April 2024. A Spearman correlation of 0.605 (p < 0.001) indicated a strong, positive monotonic relationship between the two variables. The linear regression yielded an R² value of 0.390, suggesting that NDVI explained approximately 39% of the variability in canopy biomass, indicating a moderate linear association. The NDVI was calculated in QGIS using the NDVI equation 1 (Nowak 2020).
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[bookmark: _Toc199842915]Fig. 2 Total biomass of giant kelp calculated for the modules per month from May 2023 to April 2024. The biomass was highest on module B in the first 3 months of the study. Module I had the most biomass from October 2023 to January 2024. From October 2023 to April 2024, there was biomass growing at the farm that did not fall under any of the distinct modules, and it was accounted for as module I.
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Fig. 3 The relationship between average biomass and the NPP of giant kelp from May 2023 to April 2024.
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[bookmark: _Toc196290348][bookmark: _Toc199842918]Fig. 4 The relationship between canopy area and the NPP of giant kelp from May 2023 to April 2024. The NPP peaked in June 2023 at 0.855 kg C⋅m⁻²⋅month⁻¹ when the canopy area was 730 m², and it was lowest in August 2023 at 0.342 kg C⋅m⁻²⋅month⁻¹ with a canopy area of 1070 m². The Spearman correlation coefficient was - 0.056 (p = 0.863), indicating a weak and non-significant negative relationship. The linear regression analysis yielded an R² value of 0.052, suggesting that only 5.2% of the variability in NPP was explained by canopy area.
[image: ]
[bookmark: _Toc196290349][bookmark: _Toc199842919]Fig. 5 The relationship between average monthly temperature and NPP from May 2023 to April 2024. The highest average temperature of 16.7 °C was recorded in December 2023, when NPP was 0.665 kg C⋅m⁻²⋅month⁻¹, while the lowest temperature of 10.8 °C occurred in October 2023, with NPP at 0.445 kg C⋅m⁻²⋅month⁻¹. The Spearman correlation coefficient was 0.140 (p = 0.665), indicating a weak, non-significant positive relationship between temperature and NPP. The linear regression yielded an R² value of 0.055, suggesting that temperature explained only 5.5% of the variability in NPP.
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[bookmark: _Toc196290350][bookmark: _Toc199842920]Fig. 6 The relationship between average monthly nitrate concentrations and NPP from May 2023 to April 2024. The highest average nitrate concentration of 3.25 ppm was recorded in May 2023, corresponding to an NPP of 0.739 kg C⋅m⁻²⋅month⁻¹, while the lowest concentration of 0.09 ppm occurred in October 2023, with an NPP of 0.445 kg C⋅m⁻²⋅month⁻¹. The Spearman correlation coefficient of 0.531 (p = 0.075), indicated a moderate but statistically non-significant positive relationship. The linear regression produced an R² value of 0.336, suggesting that nitrate concentrations explained approximately 33.6% of the variability in NPP, reflecting a moderate linear association.
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