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Abstract—Phytoplankton (microscopic algae) play an important
role in marine ecology. Resulting from a combination of physical,
chemical, and biological processes, the distribution of phytoplank-
ton is patchy, particularly in coastal marine ecosystems. Patches
of high chlorophyll represent areas where enhanced primary pro-
ductivity and biogeochemical cycling can occur. The scientific goal
is to place observations within these biological hotspots to enable
more extensive characterization of the environment and plankton
populations. Aerial or satellite remote sensing can detect optical
signal originating from phytoplankton within a limited depth range
only near the ocean surface, and application of remote sensing
is limited by atmospheric clarity. To observe the development of
patchy phytoplankton communities in situ, we need the ability to
locate and track individual patches. In this article, we present
a method for an autonomous underwater vehicle (AUV) to au-
tonomously find and climb on a positive horizontal gradient of
chlorophyll to locate and track a phytoplankton patch. In two
experiments in 2021, a Tethys-class long-range AUV autonomously
located and tracked phytoplankton patches in southern Monterey
Bay, CA, USA. The experiments demonstrated effectiveness of the
method and pointed to the need for increased onboard adaptiveness
in autonomous patch finding and tracking.

Index Terms—Autonomous underwater vehicle (AUV), locate,
track, phytoplankton patch.

I. INTRODUCTION

PHYTOPLANKTON photosynthesis accounts for approxi-
mately half of the global net primary production [1], [2],

which supports marine life, supplies atmospheric oxygen, and
sequesters anthropogenic carbon dioxide. Certain types of algal
blooms produce toxins and cause harm to fisheries, aquaculture,
marine mammals, and human health [3]. Owing to interacting
physical, chemical, and biological processes, phytoplankton
distributions are usually patchy [4], [5]. Patches of high chloro-
phyll represent areas where enhanced primary productivity and
biogeochemical cycling can occur. The scientific goal is to
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place observations within these biological hotspots to enable
more extensive characterization of the environment and plank-
ton populations. The patchiness, as well as the movement of
plankton populations with ocean currents, introduces challenges
to effective in situ observation and sampling.

To study the development of phytoplankton communities
in a patch, we need the ability to locate and track individual
patches. Satellite remote sensing has been used to track certain
types of algal blooms [5] based on ocean-color measurement.
However, satellite sensing is limited by cloud cover and low
revisit frequency, both of which can lead to extended periods
without data. In addition, satellites observe only the near-surface
layer and, consequently, can miss the existence of subsurface
phytoplankton patches. Therefore, complementary methods are
needed for observation [6].

Autonomous underwater vehicles (AUVs) and autonomous
surface vehicles were used for observing subsurface or surface
chlorophyll patches by taking advantage of the vehicles’ mo-
bility, endurance, and onboard intelligence [7]–[9]. AUVs used
olfactory-based search mechanisms to detect chemical plumes
when the measurement exceeds a preset threshold and then make
turns of a certain pattern to remain in or reacquire the plume [10],
[11]. A gradient search algorithm was designed for locating
hydrothermal vents or other oceanographic features signified by
the global maximum or minimum in a field [12]. Algorithms
were also designed using statistical modeling methods, e.g.,
mapping chlorophyll patches through a two-phase process: data
collection and modeling in the first phase and adaptive mapping
in the second phase [13].

The method presented in this article built upon the algo-
rithm [7] in which the AUV maneuvers in repeated cycles of
four different directions (e.g., in the order of west, south, east,
and north) to figure out a direction of positive gradient and climb
on that gradient. We present an improved algorithm, and the
improvements include: 1) low-pass filtering of chlorophyll peaks
on sequential yo-yo profiles for robust detection of the patch
center and 2) the AUV ascends to the surface for global posi-
tioning system (GPS) fixes only at the start of the legs (rather than
in the middle) to avoid disruption of the water reference frame
calculation of the vehicle’s distance to the maximum-chlorophyl
location.

Tethys-class long-range AUVs (LRAUVs) are described
in Section II. The algorithm is presented in Section III. A simu-
lation test is demonstrated in Section IV. In February and April
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Fig. 1. Tethys-class LRAUV (photo courtesy of Kip Evans).

2021, a Tethys-class LRAUV located and tracked phytoplankton
patches in southern Monterey Bay, as reported in Section V. The
conclusion and future work are discussed in Section VI.

II. TETHYS-CLASS LRAUV

A Tethys-class LRAUV (see Fig. 1) is 2.3–3.2 m long (de-
pending on the payload configuration) and has a diameter of
0.3 m at the midsection. It can run from 0.5 to 1 m/s using
a propeller. Using a primary battery, the vehicle has demon-
strated a range of 1800 km (three-week duration) at 1-m/s
speed [14]. Long range is realized by minimizing propulsion
power consumption through an innovative design of a low-drag
body and a high-efficiency propulsion system [15]. In addition,
the vehicle is equipped with a buoyancy engine and is capable
of auto-ballasting to neutral buoyancy, which allows flight at a
reduced angle of attack to decrease drag. Using the buoyancy
engine, the vehicle is capable of drifting in a lower power state
and controlling depth, while the thruster is powered off. An
LRAUV thus combines mobility and speed properties typical
to propelled vehicles and energy saving properties unique to
buoyancy-driven vehicles. An LRAUV’s science sensor suite
(all in the nose section) includes SBE GPCTD temperature,
conductivity, and depth sensors, a WET Labs BB2FL fluores-
cence/backscatter sensor (chlorophyll fluorescence excitation
wavelength of 470 nm and emission wavelength of 695 nm),
an Aanderaa 4831F dissolved oxygen sensor, and a LI-COR
LI-192SA photosynthetically active radiation sensor.

The vehicle’s underwater navigation is by dead reckoning
aided by a Doppler velocity log (DVL). The DVL provides
the earth-referenced velocity of the vehicle when the ocean
bottom is within acoustic range. The vehicle’s estimated speed is
combined with measured heading and attitude and then accumu-
lated to provide the estimated location. The vehicle periodically
ascends to the surface for a GPS fix to correct the accumulated
underwater navigation error [14].

The LRAUV software architecture uses state-configured lay-
ered control [16], which divides vehicle operation into a group
of behaviors assigned with hierarchical levels of priority. The

vehicle runs a mission script that invokes appropriate AUV
behaviors to achieve a specified goal [14], [17].

III. PATCH FINDING AND TRACKING ALGORITHM

The chlorophyll peak is both a biological indicator and the
spatial signal that can be used to locate and track a phytoplankton
patch. The algorithm comprises two parallel behaviors: chloro-
phyll peak detection in the vertical dimension and searching
for the patch center in the horizontal dimension. The vertical-
dimension peak-detection behavior extracts the chlorophyll peak
on each yo-yo profile for use in the horizontal-dimension search
behavior.

A. Vertical Dimension: Peak Detection on Each Yo-yo Profile

On each descent or ascent yo-yo profile, the AUV records the
chlorophyll peak value on completion of that profile, as shown
in Fig. 2(a). The vehicle keeps track of the start and end of each
descent or ascent profile by detecting the attitude flip [18]. To
remove spurious spikes due to sensor noise, the raw chlorophyll
measurement goes through a five-point median filter (2-s dura-
tion corresponding to 0.6-m yo-yo depth change) followed by
an 8-s moving-average window for low-pass filtering.

B. Horizontal Dimension: Cross-Pattern Search
for Patch Center

For robust detection of the patch center, the per-yoyo chloro-
phyll peaks are low-pass filtered by averaging over a certain
number of yo-yo profiles. This number is appropriately set for
smoothing out small-scale variations, yet maintaining the overall
gradient of the chlorophyll signal. The AUV searches in the four
cardinal directions (north, west, east, and south) successively.
For each direction, the vehicle yo-yoes outbound to look for
the maximum chlorophyll and then yo-yoes inbound to return
to the maximum-chlorophyll location. When that location is
reached, the vehicle makes a 90◦ turn to search in the orthogonal
direction. Due to ocean current, the “maximum-chlorophyll
location” detected on the outbound leg will have been displaced
by the time the vehicle returns to that location on the inbound
leg, introducing a tracking error. Thus, there is an inherent
tradeoff between the exploration time spent in search and the
tracking error caused by the latency. The cross-shaped search
pattern is selected over other patterns (e.g., a bowtie-like pattern)
because its straight return distance is the shortest back to the
“maximum-chlorophyll location.”

We first consider the case where the AUV starts the search near
the patch center. Suppose the starting location is to the south of
the center. The cross pattern comprises eight legs, which are
numbered in Fig. 2(b) and explained as follows.

1© Northward leg: When the AUV approaches the patch
center, the per-yoyo peak chlorophyll value rises until
reaching the maximum at the center. The vehicle records
the maximum chlorophyll value (denoted by chlmax) and
the corresponding location. When the vehicle leaves the
center, the per-yoyo peak chlorophyll value drops. When
the value drops below a preset percentage (denoted by
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Fig. 2. Illustration of the patch finding and tracking algorithm. (a) Vertical dimension: detection of the chlorophyll peak on each yo-yo profile. (b) and (c)
Horizontal dimension: one cycle of cross pattern when the search starts near the center (b) or far from the center (c). The short ticks between legs are imaginary
insertions for clear graphical depiction of all legs.

PercentageThreshold) of chlmax or the AUV has traveled
the distance limit (denoted by DistLegMax), the vehicle
determines to reverse course and calculates the distance
to the recorded chlmax location (denoted by DistToChlMax).

2© Southward leg: The AUV travels DistToChlMax to return
to the patch center. On this leg, the vehicle turns off the
function of searching for chlmax.

3© Westward leg: Once returning to the patch center, the
AUV makes a right turn to yo-yo westward. It turns
on the search-for-maximum function to record chlmax

and the corresponding location on this leg. When the
vehicle leaves the patch center, the per-yoyo peak
chlorophyll value drops. When the value drops below
PercentageThreshold · chlmax, the vehicle determines to re-
verse course and calculates DistToChlMax.

4© Eastward leg: Same as leg 2 except for the direction.
5© Continued eastward leg: Same as leg 3 except that the

AUV continues to yo-yo eastward after returning to the
patch center.

6© Westward leg: Same as leg 2 except for the direction.
7© Southward leg: Same as leg 3 except that the AUV makes

a left turn after returning to the patch center.
8© Northward leg: Same as leg 2 except for the direction.

The AUV repeats the cross pattern to track the patch center,
while the center moves over time. Now, we consider the general
case where the AUV starts far from the patch center. Suppose
that the starting location is to the northeast of the center. The first
eight legs of the search are numbered in Fig. 2(c) and explained
as follows.

1© Northward leg: The chlorophyll level is low on the en-
tire northward leg, and the starting point has compar-
atively the highest level (i.e., chlmax). When the AUV
yo-yoes northward, the chlorophyll level gradually drops.
The chlorophyll level is still above PercentageThreshold ·
chlmax when the vehicle has traveled the distance limit
DistLegMax.

2© Southward leg: The AUV returns to the chlmax location
(i.e., the starting point of the preceding northward leg).
On this leg, the vehicle turns off the function of searching
for chlmax.

3© Westward leg: Once returning to the chlmax location, the
AUV makes a right turn to yo-yo westward. It turns on
the search-for-maximum function to record chlmax and
the corresponding location on this leg. When the traveled
distance reaches DistLegMax, the chlorophyll level also
reaches the highest. To prepare for reversing course on the
next leg, the vehicle now calculates DistToChlMax, which
is zero because the ending point is where the chlorophyll
level is the highest on this leg.

4© Eastward leg: The AUV turns off the search-for-
maximum function and reverses course to travel
DistToChlMax to return to the chlmax location. Because
DistToChlMax is zero, this leg is immediately completed,
and the vehicle continues onto the next leg.

5© Continued eastward leg: The AUV turns on the
search-for-maximum function and continues to yo-yo
eastward. When the chlorophyll level drops below
PercentageThreshold · chlmax, the vehicle determines to re-
verse course and calculates DistToChlMax.

6© Westward leg: The AUV turns off the search-for-
maximum function and travels DistToChlMax to return to
the chlmax location.

7© Southward leg: Once returning to the chlmax location, the
AUV makes a left turn to yo-yo southward. It turns on the
search-for-maximum function to record chlmax and the
corresponding location on this leg. The chlorophyll level
is still above PercentageThreshold · chlmax when the vehi-
cle has traveled DistLegMax. The vehicle now calculates
DistToChlMax to prepare for the next leg.

8© Northward leg: The AUV returns to the chlmax location.
On this leg, the vehicle turns off the search-for-maximum
function.
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Fig. 3. Simulated search for the chlorophyll patch center. The AUV starts from the northeast and ends at the patch center. (a) Perspective view of chlorophyll
levels on the yo-yo track. (b) The horizontal track is marked by the gray line; the chlorophyll peak values on successive yo-yo profiles are color coded. The start
and end locations are marked by the triangle and the circle, respectively.

This way, the AUV climbs on a positive horizontal gradient of
chlorophyll to approach the patch center. The succeeding legs for
tracking the center will be similar to those illustrated in Fig. 2(b).

In field experiments, we set DistLegMax to the typical scale
of phytoplankton patches. If DistLegMax is too long, the AUV
may travel too far and, consequently, lose track of the targeted
patch center; if it is too short, the vehicle may get trapped in
a local chlorophyll maximum. We set PercentageThreshold based
on how much the chlorophyll level drops over a distance of
DistLegMax when the AUV passes high-chlorophyll regions in
reconnaissance missions (see Section V).

The vehicle periodically ascends to surface for GPS fixes and
transmitting decimated data to shore via Iridium satellite. Every
time the vehicle gets a GPS fix, it makes a correction to the
underwater dead-reckoned navigation, leading to a “jump” of
latitude and longitude readings. If the vehicle were to surface on
a constant period, GPS fixes could occur in the middle of a leg.
The resultant jump of latitude and longitude would disrupt the
calculation of the distance between the turn-back point and the
recorded chlmax location. To prevent this problem, the algorithm
allows the vehicle to surface only at the start of a leg to ensure
that the vehicle remains in the water reference frame for the full
duration of the leg.

IV. SIMULATION TEST

We test the algorithm using a simulated chlorophyll field (see
Fig. 3), which has a 3-D Gaussian distribution, centered at
latitude 36.78◦, longitude −121.86◦, and 10-m depth. The AUV
yo-yoes between 1.5- and 25-m depths on repeated cross pat-
terns. The per-yoyo chlorophyll peaks are averaged over four

yo-yo profiles. DistLegMax was set to 1 km; PercentageThreshold
was set to 90%. The vehicle first climbs on a positive horizontal
gradient of chlorophyll from the northeast to the center [as
illustrated in Fig. 2(c)] and then stays at the center [as illustrated
in Fig. 2(b)].

V. EXPERIMENTS

A. February 13 and 14, 2021

In an experiment from February 13 to 14, 2021, LRAUV
Pontus was deployed in southern Monterey Bay to locate a
phytoplankton patch. Measurements by a Visible Infrared Imag-
ing Radiometer Suite instrument onboard the NOAA/NASA
polar-orbiting satellite1 show that sea surface chlorophyll levels
were higher in near-shore shallow shelf waters on February 13
and 17 [see Fig. 4(a)]. The true-color image on February 17
taken by a Moderate Resolution Imaging Spectroradiometer
instrument onboard the NASA Aqua satellite [see Fig. 4(b);
using the SeaDAS software applied to data downloaded from
https://ladsweb.modaps.eosdis.nasa.gov/] shows that most of
the water in the bay was blue (indicating low chlorophyll levels),
and greener water (indicating higher chlorophyll levels) was
present in a ring around the inner bay and in a filament offshore.

Pontus’ trajectory and the chlorophyll measurement are
shown in Fig. 5. The vehicle started from a low-chlorophyll
location offshore in the southwest. The vehicle yo-yoed from
1.5- to 15-m depths on repeated cross patterns. In 17 h, Pontus
climbed on a positive horizontal gradient of the chlorophyll
signal to locate a high-chlorophyll patch to the northeast.

1[Online]. Available: https://coastwatch.pfeg.noaa.gov/erddap/index.html

https://ladsweb.modaps.eosdis.nasa.gov/
https://coastwatch.pfeg.noaa.gov/erddap/index.html
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Fig. 4. (a) Satellite-measured sea surface chlorophyll levels in southern Monterey Bay and (b) true-color image of the bay. LRAUV Pontus’ patch-searching track
is overlaid in (a), with the start and end locations marked by the triangle and the circle, respectively. The outline of Pontus’ track is overlaid in (b) for reference.
Time is in Pacific Standard Time.

Fig. 5. LRAUV Pontus climbed on a positive gradient of chlorophyll to find a patch. (a) Perspective view of chlorophyll on the vehicle track. (b) The chlorophyll
peak values on successive yo-yo profiles are color coded. The start and end locations are marked by the triangle and the circle, respectively. One cross-pattern cycle
(marked by the dashed box) is shown in Fig. 6. Time is in Pacific Standard Time.
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Fig. 6. Close-up view of the cross-pattern cycle marked by the dashed box in Fig. 5. The chlorophyll peak values on successive yo-yo profiles are color coded.
Time is in Pacific Standard Time.

In the cross-pattern search, the per-leg distance limit was
set to DistLegMax = 2000 m, based on the typical scale (a
few kilometers) of phytoplankton patches [19], [20]. Prior
to the patch tracking mission, LRAUV reconnaissance sur-
veys showed that chlorophyll levels dropped to approximately
90% of chlmax at about 2-km distance from the patch cen-
ter. Hence, we set PercentageThreshold = 90%. The per-yoyo
chlorophyll peaks were averaged over four yo-yo profiles to
smooth out variations. The minimum offshore distance was set
to DistOffshoreMin = 2500m to stay away from near-shore shallow
bathymetry.

One of the cross-pattern cycles is shown in Fig. 6. Through
this cycle, Pontus found its way from the low-chlorophyll region
to the high-chlorophyll region along a sharp horizontal gradient.
The legs are numbered and annotated as follows.

1© Northward leg: The chlorophyll level kept rising un-
til reaching chlmax. Pontus recorded the chlmax value
and location. When the vehicle yo-yoed past the chlmax

location, the chlorophyll level dropped slowly. When
the leg distance reached the limit DistLegMax = 2000 m
(at which point the chlorophyll level was still above
PercentageThreshold = 90% of chlmax), Pontus determined
to reverse course and calculated DistToChlMax.

2© Southward leg: Pontus traveled DistToChlMax to return to
the chlmax location. On this leg, the search-for-maximum
function was turned off.

3© Westward leg: Once returning to the chlmax location,
Pontus made a right turn to yo-yo westward. It turned
on the search-for-maximum function and recorded the
updated chlmax value and location on the path. When
the chlorophyll level dropped below PercentageThreshold ·
chlmax, Pontus determined to reverse course and calcu-
lated DistToChlMax.

4© Eastward leg: Same as leg 2 except for the direction.
5© Continued eastward leg (partly “bent” north-

northeastward due to the DistOffshoreMin constraint):
Pontus turned on the search-for-maximum function.
When Pontus touched the 2.5-km minimum offshore
distance limit, it turned to the left onto a course parallel
to the coastline so as not to violate the constraint.
The chlorophyll level kept rising until reaching chlmax.
Pontus recorded the chlmax value and location. When the
vehicle yo-yoed past the chlmax location, the chlorophyll
level dropped slowly. When the leg distance reached
DistLegMax (at which point the chlorophyll level was still
above PercentageThreshold · chlmax), Pontus determined
to turn to the west (i.e., reverse to the starting eastward
direction of this leg) and calculated DistToChlMax.

6© Westward leg: The same as leg 2 except for the direction.
7© Southward leg: The same as leg 3 except that the vehicle

made a left turn after returning to the chlmax location.
8© Northward leg: The same as leg 2 except for the direction.

Note that in the later portion of leg 5, Pontus touched the
minimum offshore distance limit. The vehicle turned to north-
northeast onto a course parallel to the coastline so as not to
violate the constraint. However, the patch-searching behavior,
which was running in parallel to the shore avoidance behavior,
was not aware of this north-northeastward turn. On the suc-
ceeding leg 6, Pontus turned westward (reverse to the starting
eastward direction of leg 5) “back” to chlmax, whereas the actual
location of chlmax was to the south rather than to the west. This
error decreased the accuracy of patch tracking. After the Febru-
ary and April 2021 experiments, we modified the algorithm so
that whenever the AUV touches the minimum offshore distance
limit, the vehicle reverses course back to chlmax detected thus
far.
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Fig. 7. LRAUV Pontus southwest-to-northeast reconnaissance transect and the ensuing patch-tracking segment. (a) Perspective view of chlorophyll levels on the
vehicle track. (b) The chlorophyll peak values on successive yo-yo profiles are color coded. The reconnaissance transect is marked by the line track. The start and
end locations of the patch-tracking segment are marked by the triangle and the circle, respectively. Time is in Pacific Daylight Time.

If PercentageThreshold is set too high or too low, it can cause
problems on legs 1, 3, 5, or 7 (see Fig. 2) when the AUV searches
for a patch center or probes the boundary of a found patch. If
PercentageThreshold is set too high, as soon as the chlorophyll level
drops only slightly the vehicle will turn back to the “center.” This
could get the vehicle trapped in a local chlorophyll maximum,
rather than a true center. If PercentageThreshold is set too low,
it can happen that the vehicle has crossed the patch boundary
and has entered a different patch, but the chlorophyll level
remains above PercentageThreshold · chlmax. This would defeat
the purpose of tracking one patch. Statistical analysis on the
chlorophyll field data collected in AUV reconnaissance surveys
is required for calculating patch scales and specifying appropri-
ate threshold levels to distinguish between true centers and local
maxima. These results will inform settings of PercentageThreshold
and DistLegMax. Furthermore, we can improve the algorithm so
that PercentageThreshold and DistLegMax are adaptively adjusted
onboard based on statistics of how much the chlorophyll level
drops from chlmax when DistLegMax is reached.

B. April 12 and 13, 2021

In another experiment from April 12 to 13, 2021, LRAUV
Pontus was deployed in southern Monterey Bay to locate and
track a phytoplankton patch. Pontus’ trajectory and the chloro-
phyll measurement are shown in Fig. 7, comprising two parts: the
reconnaissance transect and the patch-tracking segment. Pontus
first ran a southwest-to-northeast reconnaissance yo-yo transect
from 2- to 50-m depths [see Fig. 7(a)]. During the reconnaissance
mission, Pontus surfaced every hour for GPS fixes and transmit-
ting decimated data of chlorophyll, temperature, and salinity to
shore. When Pontus reached a relatively high chlorophyll level

at the northeast end of the reconnaissance transect, the on-shore
scientists decided to terminate the reconnaissance mission. After
two short tests (not shown), Pontus started the patch-tracking
segment.

The reconnaissance mission data showed that high chloro-
phyll levels were in the upper 20 m. Therefore, for patch tracking,
we reduced the yo-yo depth range to 1.5–20 m to increase the
horizontal resolution. The settings of PercentageThreshold and the
lengths of the low-pass filters were the same as those used in the
February 2021 experiment. Since the reconnaissance mission
provided confidence that the start location of patch tracking was
at or near a chlorophyll hotspot, we set the maximum distance
of each search leg to DistLegMax = 1000 m, half that used in the
February experiment. The minimum offshore distance was set to
DistOffshoreMin = 1500 m. Over 11 h, Pontus located and tracked
a localized patch in an area of about 1 km2. The chlorophyll
levels in the patch were largely consistent with those measured
at the northeast end of the reconnaissance transect, although
the elapsed time between the reconnaissance transect and the
patch-tracking segment introduced some differences.

VI. CONCLUSION

We developed a method for an AUV to autonomously lo-
cate and track phytoplankton patches. A Tethys-class LRAUV
successfully ran the algorithm in southern Monterey Bay in
two experiments. The tracking capability enables observa-
tion of phytoplankton communities within a patch while it
is moving. In that moving frame of reference, simultane-
ous observations of environmental conditions capture the pro-
cesses that drive changes in the phytoplankton community
within the patch, similar to a Lagrangian study of microbial
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communities in the deep chlorophyll maximum layer in an
open-ocean eddy [21]. These methods advance understanding
of the factors that cause the growth and decline of marine
phytoplankton populations.

While tracking a phytoplankton patch, an AUV can make
some of the essential environmental measurements required to
understand phytoplankton ecology. Additionally, a Tethys-class
LRAUV can carry a robotic autonomous molecular analytical
instrument to acquire samples and then preserve or process those
samples in real time [21], [22]. Such augmentation of onboard
sensing is an important technological capability for advancing
plankton research. Furthermore, localization and tracking by the
AUV can guide additional sampling from ships, for example,
when larger amounts of water are needed to fully integrate
physical, chemical, and biological sampling. During the April
2021 field experiment, this role of the tracking LRAUV was
implemented. Scientists deployed a research vessel with a large
water sampling system to the location where the LRAUV had
localized a patch. This sampling enabled sufficient water sample
acquisition to identify the presence of toxin-producing phyto-
plankton and the toxin that they produce. Repeated sampling
in this manner, in turn, defined the location at which to conduct
process studies. Thus, the algorithm demonstrated in this contri-
bution is part of a larger observing strategy, in which autonomous
platforms can guide the operations of a much larger fleet. The
algorithm can be adapted for locating and tracking other patchy
features, such as oil spills.
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