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Abstract

This study investigates the influence of oceanographic parameters on Indian mackerel (Rastrelliger
kanagurta) landings at Visakhapatnam Fishing Harbour, Bay of Bengal, from January 2024 to April
2025. Monthly landings data, varies from 37.81 t to 551.60 t, were analyzed alongside satellite-derived
environmental variables: Sea Surface Temperature (SST), Chlorophyll-a (Chl-a), Photosynthetically
Active Radiation (PAR), and Diffuse Attenuation Coefficient at 490 nm (Kd490), obtained from
NASA’s MODIS-Aqua at 4 km resolution. Spearman’s rank correlation analysis revealed a strong
negative correlation between mackerel abundance and SST, indicating higher catches during winter
months. Weak and non-significant correlations were found with Chl-a and PAR, suggesting limited
direct influence on monthly landings. A strong positive correlation between Chl-a and Kd490
confirmed elevated turbidity during monsoon-driven phytoplankton blooms. Seasonal landings peaked
in December—February, aligning with optimal SST, and plummeted in April, potentially due to
spawning or regulatory restrictions. These findings highlight SST as a primary driver of mackerel
distribution, advocating for adaptive management strategies like seasonal fishing regulations to ensure
fishery sustainability amidst climate variability, monsoon dynamics, and anthropogenic pressures,
supporting resilient coastal ecosystems and local fishing communities.
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Introduction

India’s marine fish landings experienced a marginal decline of 2%, decreasing from 3.53
million t in 2023 to 3.45 million t in 2024. Pelagic species remained dominant, comprising
54% of total landings. Indian mackerel had the highest share in total marine fish landings
(9.71%), The Andhra Pradesh recorded marine fish landings of 1.75 lakh tonnes, reflecting
an 8% decline from 2023 and a 19% drop from 2022, pelagic species contribute a 60% of
total catch to it. Indian Mackerel was the most landed species 0.32 lakh tonnes, a 76% surge
and the highest in the past decade (CMFRI, 2024).

Indian mackerel (Rastrelliger kanagurta) is a critical pelagic fish species that sustains coastal
fisheries and plays a significant ecological role in the Indian Ocean ecosystem. The
abundance, distribution, and productivity of Indian mackerel are strongly influenced by key
satellite derived oceanographic parameters such as, Sea Surface Temperature
(SST), Chlorophyll-a concentration (Chl-a), Photosynthetically Active Radiation (PAR), and
the Diffuse Attenuation Coefficient at 490 nm (Kd490).

SST is a primary driver of metabolic activity, reproductive cycles, and migratory behavior in
Indian mackerel. Fluctuations in SST, especially linked with seasonal monsoons and climate
variability, have been shown to affect spawning success and commercial landings. For
instance, Kizhakudan et al. (2014) [ demonstrated a clear correlation between SST
variations and mackerel fishery yields along the southwest coast of India.

Chl-a is an established proxy for phytoplankton biomass and primary productivity, directly
influencing food availability for mackerel, particularly during early life stages. Elevated Chl-
a concentrations following upwelling events or nutrient influxes are associated with
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increased mackerel abundance and recruitment. Studies like
Putri et al. (2025) I found that higher Chl-a values aligned
with favourable zones for mackerel aggregation, confirming
the role of phytoplankton-rich waters in supporting fish
populations.

PAR regulates the rate of photosynthesis, determining
phytoplankton growth and productivity. Variations in PAR,
often in conjunction with SST, impact primary producer
dynamics, ultimately cascading through the food web to
affect mackerel productivity (Madhavan et al., 2015) [,
Kd490 reflects water clarity and the penetration of light into
the water column. Higher Kd490 values (lower clarity) may
restrict photosynthesis depth and influence plankton
distribution, indirectly affecting the vertical habitat use and
feeding efficiency of mackerel. The interaction between
light penetration (Kd490) and other oceanographic variables
is important for modelling fish occurrence and distribution
(Yang et al., 2024) Bl,

Various studies recognize that the combined effect of SST,
Chl-a, PAR, and Kd490 determines the habitat suitability
and spatial-temporal variability of Indian mackerel
populations. Ongoing climate shifts, monsoonal patterns,
and localized oceanographic processes underscore the need
for integrated assessment using satellite remote sensing and
advanced ecological modelling.

The coastal ecosystems of India, particularly along the
Visakhapatnam coast, face mounting challenges from
environmental variables such as fluctuating SST, salinity
shifts, monsoon variability, and anthropogenic influences
like pollution and overfishing, which have led to erratic
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pelagic fish landings, including significant declines in
Indian mackerel populations. These factors disrupt
migration patterns, spawning cycles, and overall biomass,
exacerbating food security issues for local fishing
communities and threatening the sustainability of marine
resources in the Bay of Bengal. This research addresses
these problems by employing a multidisciplinary approach,
integrating time-series data analysis, remote sensing, and
statistical modelling to quantify the impacts of key
environmental parameters on mackerel landings, ultimately
proposing adaptive management strategies such as seasonal
fishing regulations and habitat restoration to mitigate
adverse effects and promote resilient fisheries.

Materials and Methods

Study area

This research was carried out at Visakhapatnam Fishing
Harbour, situated along India's eastern seaboard in the Bay
of Bengal. The area undergoes periodic upwelling,
especially amid the southwest monsoon, boosting primary
productivity and facilitating notable catches of Indian
mackerel (Abbott and Mahadevan, 2024; Das, 2024,
Vijayakumaran, 2004) [ 4 71 Such dynamic marine
processes render Visakhapatnam a prime location for
examining how environmental factors affect mackerel
populations. The investigation targeted coastal zones
extending up to 200 km from the harbor, including key
fishing areas pinpointed via initial consultations with local
fishermen.
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Fig 1: Geographical Location of the Study Area around Visakhapatnam

Fishery data

Monthly landings data for Indian mackerel were gathered
from Visakhapatnam Fishing Harbour over a 15-month
period, spanning January 2024 to April 2025. While
standardization of commercial catches via Catch Per Unit
Effort (CPUE) offers a robust approach to assessing trends
in stock abundance, various elements of fishers' behaviour
can render CPUE disproportionate to actual abundance,
even within limited spatial scales. Consequently, this study

opted to utilize direct mackerel landing records rather than
CPUE for analyzing fish landings. The catch information
was obtained through on-site visits to landing centres in the
Visakhapatnam coastal region, facilitated by collaboration
with officials from the Department of Fisheries.

Satellite data: Environmental variables such as Sea Surface
Temperature (SST), Chlorophyll-a (Chl-a),
Photosynthetically Active Radiation (PAR), and the Diffuse
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Attenuation Coefficient at 490 nm (Kd490) play crucial
roles in influencing marine productivity and fish distribution
in coastal ecosystems. In this study, these parameters were
obtained through remote sensing data from the Moderate
Resolution Imaging Spectroradiometer (MODIS) instrument
aboard NASA's Aqua satellite, managed by the Ocean
Biology Processing Group. Daily datasets were retrieved at
a 4 km spatial resolution, specifically tailored to align with
the designated fishing zones in the study area, enabling
precise monitoring of oceanographic conditions relevant to
pelagic fish landings. To ensure consistency and broad
coverage, the analysis utilized MODIS Level 3 standard
binned imagery, which aggregates and processes raw
satellite observations into gridded, high-quality products
suitable for time-series evaluations and environmental
modelling. This approach facilitated the integration of
multi-parameter data for assessing seasonal and spatial
variations in water quality and biological productivity along
the Visakhapatnam coast (Stephen et al., 2022) 81,

DN Value Retrieval of Satellite Data

The NetCDF files obtained were imported into the SeaDAS
software for processing, where the relevant parameter bands
were chosen from the Bands directory and visualized. To
enhance accuracy, a land mask was implemented through
the software's toolbar features. Subsequently, a multi-buffer
shapefile was integrated by navigating to Vector — Import
— ESRI Shapefile, allowing for precise spatial overlay on
the dataset. Statistical extraction was performed via the
Analysis — Statistics module; within the resulting interface,
the target band was designated, the shapefile was configured
as the Region of Interest (ROI) mask, and the Mask
grouping option was adjusted to Individual mode. Executing
this process yielded detailed statistics on Digital Number
(DN) values specific to each ROI (Sai et al., 2025a) [*5],
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Statistical Analysis

To assess the relationships between environmental factors
and fish landings, this study employed Spearman's rank
correlation analysis, a non-parametric statistical method that
evaluates the monotonic association between variables
without assuming a normal distribution of data. This
approach is particularly suitable for ecological datasets,
which often exhibit non-linear patterns or outliers
influenced by seasonal and spatial variability. The
correlation coefficients were calculated to identify
significant positive or negative associations, with p-values
assessed at a 0.05 significance level to determine statistical
reliability (Jacob. 2014) 10

Results and Discussion

Monthly Landings of Indian Mackerel

Monthly mackerel landings from January 2024 to April
2025 showed pronounced variability, ranging from a
minimum of 37.81 metric tons in April 2025 to a maximum
of 551.60 metric tons in December 2024. As shown in
Figure 2, a clear seasonal signal emerged, with April
recording the lowest landings in both years (37.90 t in April
2024 and 37.81 t in April 2025), indicating a period of
reduced availability or fishing activity, potentially linked to
spawning behaviour or regulatory closures. Along the east
coast of India, a uniform seasonal fishing ban is enforced
from April 15 to June 14 to protect spawning stocks and
support recruitment, during which mechanized fishing
operations are suspended under national fisheries
management regulations (Vivekanandan et al., 2010) [?2,
This regulatory closure, coinciding with key reproductive
periods, further contributes to the sharp decline in April
landings and the absence or minimal reporting of catches
during May and early June.
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Fig 2: Monthly mackerel abundance from January 2024 to April 2025

In contrast, landings peaked in the winter months, most
notably in December 2024 (551.60 t) and February 2025
(484.53 t). The abrupt drop from March to April in both
years 87.83% in 2024 (311.27 t to 37.90 t) and 90.84% in
2025 (411.58 t to 37.81 t) highlights the consistency and
magnitude of this seasonal trough. Along the

Visakhapatnam coast, peak catches from December to
February align with sea surface temperatures of 24-28 °C,
which are favorable for mackerel, enhancing metabolic
activity and promoting aggregation during these months
(Chidambaram, 1950; Supraba et al., 2016; Hussain et al.,
2021) [11,12,13]
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Sea Surface Temperature

Sea surface temperature (SST) was measured monthly from
January 2024 to April 2025 to characterize temporal
variability in the study region, yielding a 15-point dataset.
As shown in Figure 3, SST ranged from a minimum of
26.55 °C in January 2024 to a maximum of 30.61 °C in June
2024. The time series exhibits a clear seasonal cycle, with
temperatures peaking in late spring to early summer (April-
June) and reaching minima in winter (December—January).
The highest value of 30.61 °C in June 2024 marks the

https://www.agriculturaljournals.com

warmest period, while 26.55 °C in January 2024 indicates
the coolest. This seasonal pattern aligns with previous
reports for the Visakhapatnam coast (Das et al., 2024; Sai et
al., 2025a) * 9 which also documented SST maxima
during April-June and minima in December-January. A
year-on-year comparison for corresponding months between
2024 and 2025 (January—April) shows modest increases in
January (+0.30 °C), February (+0.77 °C), and March (+0.24
°C), and a negligible decrease in April (-0.01 °C).
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Fig 3: Monthly Sea Surface Temperature from January 2024 to April 2025

Chlorophyll-a

Chlorophyll-a (Chl-a) was measured monthly from January
2024 to April 2025 to assess phytoplankton dynamics in the
study region, yielding a 15-point dataset. Chl-a ranged from
0.257 mg/m3 in March 2024 to 2.455 mg/m? in July 2024.
The time series exhibits clear temporal structure, with a
pronounced peak in July 2024 (2.455 mg/m?) indicative of a
significant monsoon-season phytoplankton bloom. Lower
concentrations were observed in spring (March—April 2024:
0.257-0.265 mg/m3) and early 2025 (February—April 2025:

0.313-1.020 mg/m3). This seasonal pattern is consistent
with previous reports for the Visakhapatnam coast (Sai et
al., 2025b) ', which documented elevated Chl-a in July
and reduced concentrations during the spring intermonsoon.
A comparison of corresponding months between 2024 and
2025 shows modest increases in January (+0.048 mg/m3)
and March (+0.763 mg/m3) and decreases in February
(—0.028 mg/m?®) and April (—0.052 mg/m?). All values and
trends are illustrated in Figure 4.
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Fig 4: Monthly Chlorophyll -a Concentration from January 2024 to April 2025
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Photosynthetically Active Radiation

Photosynthetically active radiation (PAR; umol photons m=
s™") was measured monthly from January 2024 to April 2025
to evaluate light availability for phytoplankton
photosynthesis, yielding a 15-point dataset. As shown in
Figure 5, PAR ranged from 28.877 umol photons m2 s™! in
December 2024 to 55.612 umol photons m™ s in April
2025. The series exhibits a clear seasonal cycle, with
pronounced peaks in March-April (55.579 in April 2024

https://www.agriculturaljournals.com

and 55.612 in April 2025) and a distinct minimum in
December 2024 (28.877). This pattern is consistent with
Gawad and Pokle (2008) 71, who reported maximum PAR
during March—-April and the lowest values in December. A
month-to-month comparison for the overlapping period
(January—-April) shows slight increases in 2025 relative to
2024: January (+1.055), February (+0.497), March (+2.537),
and April (+0.033), indicating a modest enhancement of
light availability in early 2025.
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Fig 5: Monthly Photosynthetically Active Radiation from January 2024 to April 2025
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Fig 6: Monthly Diffuse Attenuation Coefficient from January 2024 to April 2025

The diffuse attenuation coefficient at 490nm (Kd490; m™),
an indicator of water turbidity and light penetration, was
measured monthly from January 2024 to April 2025,
yielding a 15-point dataset. As shown in Figure 6, Kd490
ranged from 0.044m™ in April 2025 to 0.188m™ in July
2024. The time series exhibits a pronounced seasonal
pattern, with a clear peak in July 2024 (0.188m™) that

coincides with the highest Chl-a concentration
(2.455mg/m3), suggesting elevated turbidity associated with
a phytoplankton bloom. Lower Kd490 values in spring
(March—April 2024: 0.048m™'; April 2025: 0.044m™)
indicate clearer waters. These results closely align with the
seasonal coupling between Kd490 and chlorophyll-a
reported by Rani et al. (2019) [*8 and minor discrepancies
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are most likely attributable to differences in study-area
characteristics. A comparison of corresponding months
between 2024 and 2025 (January—April) shows increases in
January (+0.005m™) and March (+0.070m™") and decreases
in February (—0.004m™) and April (—0.004m™). All values
and trends are illustrated in Figure 6.

Spearman’s rank correlation analysis: Spearman’s rank

https://www.agriculturaljournals.com

relationships between mackerel abundance and key
environmental variables, SST, Chl-a, PAR, and Kd490 over
the period from January 2024 to April 2025. This analysis
elucidates potential environmental drivers of mackerel
distribution in the study region. Table 1 presents the
Spearman’s correlation coefficients (p) and corresponding
p-values, indicating the strength and statistical significance
of these relationships.

correlation analysis was

performed

investigate

Table 1: Spearman’s rank correlation coefficients (p) and p-values for mackerel abundance and environmental variables (SST, Chl-a, PAR,

Kd490) from January 2024 to April 2025. Significant correlations (p< 0.05) are marked with an asterisk (*).

Correlation Coefficient (p) Mackerel SST Chl-a PAR Kd490
Mackerel 1 -0.814* 0.036 -0.336 0.095
SST -0.814* 1 0.093 0.507 0.066
Chl-a 0.036 0.093 1 -0.536* 0.985*
PAR -0.336 0.507 -0.536* 1 -0.529*
Kd490 0.095 0.066 0.985* -0.529* 1
From Table 1, we can interpret a strong negative correlation Conclusion

between mackerel abundance and SST (p = —0.814, p =
0.0002), significant at the 0.1% level, indicating greater
abundance under cooler conditions, as observed in January
2024 (26.55 °C) and December 2024 (27.48 °C). This
finding aligns with previous studies reporting negative SST-
mackerel relationships, where warmer conditions reduce
local habitat suitability or drive redistributions toward
cooler waters (Kizenga et al., 2021) (191,

Conversely, the Chl-a association is weak and non-
significant (p=0.036, p=0.899), aligning with findings that
same-month chlorophyll often shows little predictive power
for mackerel landings without accounting for temporal lags
or spatial matching (Putri et al., 2025) Bl Similarly, the
correlation with PAR is weak and non-significant
(p=—0.336, p=0.221), reinforcing that light is primarily an
indirect driver via primary production and trophic transfer
rather than a direct determinant of pelagic fish abundance at
operational monthly scales (Mini et al., 2017) 2%,

Among environmental variables, Chl-a and Kd490 exhibit a
strong positive correlation (p=0.985, p<0.0001), confirming
that higher phytoplankton biomass elevates turbidity
through increased absorption and scattering, clearly
manifested during the July 2024 bloom (Chl-a 2.455 mg/mg;
Kd490 0.188 m™). This coupling is well established in
ocean-color bio-optics and applied retrievals for waters
(Thayapurath et al., 2012). PAR shows moderate negative
correlations with both Chl-a (p=—0.536, p=0.040) and
Kd490 (p=—0.529, p=0.043), significant at the 5% level,
consistent with the expectation that increased phytoplankton
biomass and attendant turbidity reduce light penetration and
shoal the euphotic zone.

Fishing Season

On the Visakhapatnam coast, the mackerel fishery
intensifies with the onset of winter conditions, with landings
increasing from November and peaking during December to
February, before tapering off sharply in April. Throughout
the study period (January 2024-April 2025), catches
remained generally moderate from June to October, rose
markedly in December and February, and reached their
lowest levels in April for both years, indicating a consistent
seasonal trough. This pattern suggests enhanced availability
and aggregation during the cooler months, followed by
reduced availability or constrained fishing activity in April,
potentially linked to spawning behavior or regulatory
restrictions.

The study conducted at Visakhapatnam Fishing Harbour
from January 2024 to April 2025 highlights the significant
influence of environmental parameters, particularly SST, on
Indian mackerel (Rastrelliger kanagurta) landings along the
Bay of Bengal coast. The strong negative correlation
between mackerel abundance and SST (p = —0.814, p =
0.0002) underscores the preference of this pelagic species
for cooler conditions, with peak landings observed during
winter months (December—February) when SST ranged
from 24-28 °C. Conversely, weak and non-significant
correlations with Chl-a and PAR suggest that these variables
have limited direct influence on monthly mackerel landings,
likely due to temporal lags or indirect trophic interactions.
The strong positive correlation between Chl-a and the
diffuse attenuation coefficient (Kd490) (p = 0.985, p<
0.0001) confirms the linkage between phytoplankton
blooms and water turbidity, particularly during the
monsoon-driven peak in July 2024. These findings
emphasize the critical role of SST in driving mackerel
distribution and abundance, while highlighting the complex
interplay of oceanographic factors in shaping coastal fishery
dynamics.

The observed seasonal patterns, with landings peaking in
winter and plummeting in April, suggest that adaptive
management strategies, such as seasonal fishing regulations
and habitat restoration, could enhance the sustainability of
Indian mackerel fisheries in the face of environmental
variability and anthropogenic pressures. By integrating
satellite-derived data, time-series analysis, and Spearman’s
rank correlation, this study provides a robust framework for
understanding the environmental drivers of mackerel
landings, offering valuable insights for fishery management
along the Visakhapatnam coast. These results advocate for
continued monitoring and modelling efforts to address the
challenges posed by climate-driven shifts, monsoon
variability, and overfishing, ensuring the resilience of
coastal ecosystems and the livelihoods of fishing
communities dependent on this vital marine resource.
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