THE WESTERN CHANNEL OBSERVATORY AUTOMATED PLANKTON
IMAGING AND CLASSIFICATION SYSTEM
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Marine plankton are an important and diverse group
of organisms that make up the lower trophic levels of
the marine food web. They play several critical roles
in the ocean that have direct or indirect societal ben-
efits, including supporting food security, oxygen pro-
duction, and carbon sequestration via the biological
carbon pump. Plymouth Marine Laboratory (PML) has
been making weekly measurements of zooplankton
and phytoplankton at Western Channel Observatory
(WCO) Station L4 (50°15'N, 4°13'W) since 1988 and
1992, respectively, using traditional ship-based sam-
pling and light microscopy techniques. Thus, Station L4
has become one of the longest-running, continuous
plankton time series in the world and a key marine bio-
diversity reference site for studies into both short- and
long-term environmental changes.

Short generation timescales and the potential for
rapid changes in community composition make plank-
ton good indicators of environmental change and of
the health of the marine environment (McQuatters-
Gollop et al., 2024). In the United Kingdom, a Changes
in Phytoplankton and Zooplankton Communities indica-
tor has been adopted within the UK Marine Monitoring
and Assessment Strategy, which holds to account the
UK Marine Strategy for creating a marine protected
area (MPA) network and maintaining “clean, healthy,
safe, productive and biologically diverse oceans and

seas!” The indicator is based on the abundances of
distinct planktonic life-forms and their relationships
to environmental pressures (Bedford et al., 2020). The
same indicator was also used at the regional level in the
most recent Convention for the Protection of the Marine
Environment of the North-East Atlantic (OSPAR) 2023
Quality Status Report (OSPAR, 2023). Plankton data
from the WCO feed directly into both UK and OSPAR
reporting. The WCO record is also long enough to
support climate change impact assessments. A recent
report on long-term changes in plankton communities
across the North Atlantic, which included data from
the WCO, indicated wide-spread declines in Northeast
Atlantic plankton, but more stable levels in the rapidly
warming North Sea (Holland et al., 2023).

Traditional plankton sampling techniques include
net hauls using standard mesh sizes and water sample
collection using Niskin bottles. Samples are preserved
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FIGURE 1. Processes impacting plankton communities at various tempo-
ral scales. (a) Physical (blue) and biological (green) processes that impact
plankton communities are ordered according to their characteristic tem-
poral and spatial scales. The light orange dashed line marks the period
(weekly) at which ship-based samples are collected at the WCO's Station
L4. The dark orange dashed line marks the period (~ hourly) at which
samples can be collected using the Automated in situ Plankton Imaging
and Classification System (APICS). Figure adapted from Cushman-Roisin
and Beckers, 2011, Figure 1.7 (b) Box plots show monthly variations in dia-
tom cell concentrations at Station L4 between 1992 and 2021, as derived
from traditional weekly ship-based sampling. The orange lines indicate
the median concentrations across all years, while the blue boxes give the
interquartile ranges. Whiskers (lines extending from the blue boxes) are
drawn at 5% and 95%. Fliers (data that extend beyond the whiskers) have
been excluded from the plot. (c) Box plots show annual variations in dia-
tom cell concentrations at Station L4. The orange lines indicate median
concentrations across all months in that year. The blue box and whiskers
are the same as in b.
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and taxonomically identified and counted in the labora-
tory using light microscopy. This process has several draw-
backs. For example, standard mesh sizes can be biased
toward certain plankton sizes, and fragile or gelatinous
organisms can be damaged or fragmented during the
sampling and preservation process, making identification
difficult. Further, there is no opportunity to observe behav-
ioral interactions among organisms (Remsen et al., 2004;
Greer et al., 2021).

Ship-based sampling is also time-consuming and
restricted to periods when there is good weather, limiting
the frequency at which data can be collected. Historically,
plankton samples from Station L4 have been collected
once a week (weather permitting), enabling important
seasonal and interannual changes to be quantified and
studied. However, numerous processes that influence
plankton population numbers and community composition
have shorter characteristic timescales and thus are either
missed or aliased by weekly sampling. These include suc-
cessional changes in the plankton community that charac-
terize bloom events or the recovery of the community fol-
lowing passage of a storm (Topor et al., 2022), diel vertical
migrations (DVMs) that are undertaken by many larger zoo-
plankton (Parra et al.,, 2019), and changes due to the tide
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(Figure 1). Fine-scale spatial heterogeneity, for example,
caused by the presence of fronts, can also result in large
apparent changes in community composition as water
masses hosting different communities are advected over
the sampling site. Collectively, these processes complicate
the interpretation of weekly time series.

In an attempt to address these issues, several groups
around the world have now pioneered the use of underwater
cameras to monitor plankton communities (Lombard et al.,
2019). Building on these efforts, a new WCO Automated in
situ Plankton Imaging and Classification System (APICS)
is being operationalized. Distinguishing features of the
system include (1) the use of two autonomous submers-
ible camera units—an Imaging FlowCytobot (IFCB) and a
Moonpool Plankton Imager (PI-10)—that provide broad size
spectrum imaging capability, and (2) a configuration that
facilitates deployment under a remotely operated, moored
buoy (Figure 2). The system will image both phytoplankton
and zooplankton (size range <10 um-20 mm) at a depth
of 10 m. APICS will enable a ~100-fold improvement in
sampling frequency, which allows many of the processes
missed by weekly sampling to be resolved (Figure 1a). The
cameras sample a known volume of water, with the IFCB
imaging a 5 mL sample every 20 minutes and the PI-10
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FIGURE 2. Traditional ship-based plankton sampling methods that have been deployed at Station L4 in the Western Channel Observatory. They are
contrasted with future methods that include the addition of APICS and the automated, high-frequency imaging of plankton. With APICS, images are

automatically transmitted back to the laboratory. The laboratory operates a node within a decentralized network that allows the team to collaborate
with external partners on the automated classification of data using machine learning techniques.
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actively pumping water through the camera unit at a rate
of 34 L min™ to ensure organisms present at lower con-
centrations (~100 individuals per m3) can be accurately
enumerated. Real-time data processing will be facilitated
using swarm learning (Warnat-Herresthal et al., 2021)—a
machine learning methodology that allows multiple owners
of biological image data to participate in decentralized,
collaborative networks where they can leverage the data
and expertise of external partners to obtain better, higher
efficacy classification results (Figure 2).

The WCQ's APICS and similar systems offer advantages
over traditional sampling methods for both assessing
candidate MPAs and monitoring existing ones. Cameras
deployed in situ facilitate the collection of high frequency
data over an extended time period, allowing a more
detailed picture of the environment to be assembled. In
general, it is financially and logistically impossible to col-
lect a similar volume of data using traditional, ship-based
sampling methods. Further, the real-time processing of
data from autonomous camera systems directly facilitates
operational monitoring, including for harmful algal blooms
and invasive species, which in turn facilitates more rapid
decision-making by marine managers.

Within the WCO, APICS will complement the traditional
sampling methods that support the current multiyear time
series by allowing short-period processes and controls on
biodiversity to be studied and understood. In addition, the
continuation and expansion of long-term observations
based on traditional methods will remain paramount for
studying the long-term impacts of climate change.
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