
Investigating physical drivers of phytoplankton 
bloom initiation in the Northern Gulf of Alaska

• The spring bloom is a key oceanic phenomenon in the Northern Gulf of Alaska 
(NGA), where it supports the regional ecosystem, fisheries, and CO2 sequestration. 

• Despite its significance and long-running studies focused on the subject, 
mechanisms that trigger NGA blooms are still debated. 

• This is largely due to a lack of sufficient data from late winter through spring: Ship 
surveys offer non-synoptic snapshots, cloud cover commonly obscures the NGA 
ocean, and satellite data cannot detect the subsurface hydrographic conditions.

• New datasets from autonomous underwater gliders provide 
high-temporal-resolution sampling of the upper ocean across the winter-spring 
transition, which allows the opportunity to advance our understanding of the 
regional spring blooms. 

• The data suggests a strong correlation between the spring bloom initiation date 
and increased daily net PAR, increased upper ocean thermal stratification, and a 
shoaling of the mixed layer depth. 

◦ These conditions were associated with seasonally increasing day lengths, a break in cloud 
cover, and a simultaneous decline of surface wind stress.

• Based on glider and ship data, the 2023 spring bloom appeared to be comprised of 
several small blooms likely due to varying cloud cover observed, which illustrates 
the importance of light as a factor.

• Limitations of the research included the following:
◦ Nutrients were replete in the system
◦ Turbulence in the thoroughly mixed top layer is strong enough to distribute the 

phytoplankton evenly throughout the mixed layer
◦ Chlorophyll-a is an accurate index of phytoplankton standing stock

• Suggested future research includes the following:
◦ Calculation of critical depth values and assessment of the accuracy of the Critical Depth 

Hypothesis as defined by Sverdrup (1953) 
◦ Continuous long-term in situ sampling to analyze yearly trends and more clearly establish a 

relationship for the region and observe long-term changes

• A Slocum glider (Shackleton (191)) sampled from February 15 12:40 (AKST) to May 
3, 2023 04:31 (AKDT) on the NGA shelf, keeping station starting February 28 on 
the mid-shelf, about 60 miles offshore along the Seward line (GAK). 

• During this period, the glider dove to depths of 130 meters either 1.5 or 3 times 
per hour to record high-temporal-resolution sampling of variables and resurfaced 
to transmit data every two hours. 

• Variables measured included sea water temperature, salinity, density, and 
pressure; photosynthetically active radiation (PAR); and chlorophyll-a.

• Full-resolution daily satellite images over the 
NGA were collected on NASA’s Earth Observing 
System Data and Information System (NASA, 
2023) Worldview program.

• Wind speed data was collected from the 
National Weather Service Middleton Island, 
Middleton Island Airport, AK (PAMD) from 
February 28 to May 3, 2023.

• For the purposes of this study, mixed layer depth 
was empirically defined by a change in density of 
0.07 kg m−3 relative to the value at 10 meters 
depth based on the context of stratification 
intensity and typical pycnoclines in the region. 

Map of the Northern Gulf of Alaska with 
white dots depicting the path and sampling 

stations of Shackleton (191). Datapoints 
contained within the yellow shaded circle 

were regarded as on station and were used 
for the mid-shelf analysis, while others 

outside this area were excluded (AOOS).
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• There is no standard quantifiable 
definition of the spring bloom due to 
regional and annual variabilities in 
bloom timing and magnitude.

• However, chlorophyll-a concentrations 
can provide a proximal index of 
phytoplankton standing stock. 

• Notable peaks in stratification occur 
in early March and mid-late April, 
while it remains low and relatively 
stable in the transition between. 

• Bloom initiation corresponds with a 
rising increase in stratification, 
which reaches a maximum shortly 
after the initiation date. 

• The daily PAR peak and mean values gradually increase throughout the transition 
from winter to spring due to increasing day length and solar elevation. The highest 
peaks of the dataset occurred just prior to bloom initiation on April 20, 2023. 
Following bloom initiation, there is a sudden decrease in PAR likely associated with 
increased cloud cover.

• Satellite images provide a surface perspective of chlorophyll-a concentrations that 
allow us to both confirm our in situ chlorophyll-a observations as well as correlate 
peaks in the PAR data with breaks in cloud cover.

• For the purpose of this study, the beginning of the bloom was assumed to take 
place at the start of the greatest increase in chlorophyll-a concentration (April 
20, 2023).

• The increase in stratification corresponds with decreased wind speeds and 
associated mixing.

• Similarly to stratification, the 
mixed layer is shallow in the early 
winter and becomes deeper in the 
transitional period. 

• The beginning of the bloom is 
correlated with a once again 
shoaling mixed layer depth that 
reaches a maximum directly prior 
to the bloom initiation date.

• Prior to the bloom initiation the upper 
water column stratification was more 
salinity-driven. However, during the 
bloom, stratification largely increases in 
magnitude overall while surface waters 
become largely temperature-driven. 

• This change is consistent with the 
observed surface heat influx as observed 
in the PAR dataset and consistent with 
initial temperature analyses.
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