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INTRODUCTION

Climate change is increasingly altering ocean circulation
patterns and upwelling processes, with serious consequences
for marine ecosystems and fisheries resources in Morocco.
These shifts affect the distribution, abundance, and phenology
of fish and shellfish, challenging their sustainability and
threatening local livelihoods.

Within  this phytoplankton productivity —
measured through chlorophyll-a — acts as a key indicator of

framework,

primary production and ecosystem resilience. Monitoring
chlorophyll-a patterns helps evaluate the ecological status of
fisheries habitats, particularly in upwelling-influenced marine
protected areas.

This high-resolution ocean
modeling with in-situ chlorophyll-a observations from a
SeaExplorer glider deployed in the Al Hoceima MPA. The aim

study integrates circulation

is to explore how climate-driven circulation changes affect
nutrient supply, primary production, and ultimately the
sustainability of fishery resources.
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Figure 1. Location of the Al Hoceima Marine Protected Area and

SeaExplorer Glider Transects

OBJECTIVE

Quantify and model ocean circulation patterns in northern
Morocco and their role in supporting primary productivity.
Assess chlorophyll-a  variability as an indicator of
phytoplankton biomass and ecosystem resilience within the Al
Hoceima Marine Protected Area.

Analyze the interactions between upwelling, nutrient
dynamics, and bloom development using autonomous glider
data.

Evaluate implications for the sustainability of fishery resources
and support climate-adaptive ecosystem-based fisheries
management.

METHODOLOGY

Table 1. Overview of Methods and Data Streams Supporting Ocean Circulation
Modeling and Fisheries Assessment
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Numerical In-Situ Data Analysis
Modeling Observations
ROMS, 2 km SeaExplorer GIS mapping, cross-

Description

resolution autonomous glider validation

Temperature,
salinity, current
velocity

Measured
Variables

Chlorophyll-a, CTD,
oxygen

Chlorophyll vertical
variability

Present and future
ocean circulation

Vertical profiles
down to 500 m

Bloom hotspots,

Area of Focus drivers

Manufacturer .
. . Downscaled CMIP6 . . Satellite data
Validation climate scenarios calibration for (Sentinel-3, MODIS)
chlorophyll-a
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KEY FINDINGS

Key results from the SeaExplorer glider mission and circulation
modeling strong phytoplankton
productivity. The following quantitative findings illustrate bloom
patterns and ecosystem implications within the Al Hoceima MPA.

Cycle 2: chlorophyll-a concentrations ranged from 17 mg/m?® to 57

reveal seasonal variability in

mg/m?3, with maximum at 50 m depth, reflecting moderate post-
bloom conditions under stratification.

Cycle 415: peak chlorophyll-a reached 203 mg/m?® at 30 m depth,
indicating a strong, vertically extensive bloom event.

Cycle 443: chlorophyll-a spanned from 2.5 mg/m? to 250.9 mg/m?3,
maximum at 60 m, showing sustained high biomass following mixing
events.

Cycle 447: chlorophyll-a values between 2.97 mg/m?® and 302.6
mg/m?3, again centered near 60 m, suggesting ongoing bloom
conditions with possible sensor saturation.

Time-depth profiles revealed near-surface chlorophyll layers
extending from O-150 m during peak bloom, with signal plateauing
around 180-200 RFU during the highest biomass periods.

Overall, chlorophyll variability highlighted a three-phase pattern:
moderate stratified conditions, an intense bloom with nutrient
enrichment, and a later decline with increased vertical heterogeneity.
The MPA consistently supported elevated productivity compared to
offshore zones, confirming its role as a biological retention and bloom
stabilization area.
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HOCEIMA AND THE RESEARCH LABORATORY IN APPLIED AND MARINE GEOSCIENCES.
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Chlorophyll-a Profile (Cycle 447)
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Figure 2. Vertical Chlorophyll-a Fluorescence Profiles Across Glider Cycles (2, 415, 443, 447) in the Al Hoceima
Marine Protected Area

ANALYSIS

« The chlorophyll vertical profiles offer valuable insights into the interaction between
physical circulation and ecosystem productivity in the Al Hoceima MPA.

« Chlorophyll profiles reveal clear links between vertical circulation, nutrient supply, and
phytoplankton productivity.
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- Stratified conditions (Cycle 2) limited nutrient replenishment, leading to narrow
chlorophyll peaks.

« Enhanced mixing and upwelling (Cycles 415, 443, 447) supported vertically extensive
blooms and higher biomass.

« These blooms create favorable feeding conditions for fish larvae and zooplankton,
supporting fisheries productivity.

« Results confirm the MPA’s function as a retention zone, stabilizing primary production
under dynamic hydrodynamic conditions.

« Autonomous glider observations combined with modeling improve understanding of
ecosystem responses, supporting adaptive fisheries management.

CONCLUSION

These findings suggest that continued changes in ocean circulation patterns — under both
natural variability and climate-driven forcing — could significantly alter the spatial and
temporal structure of phytoplankton productivity, with cascading impacts on fisheries
resources. Integrating glider-based observations into adaptive fisheries management will be
critical for sustaining ecosystem productivity and protecting livelihoods in northern
Morocco.
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