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Abstract. Underwater zooplankton video imaging systems have been reviewed in the context of their
development, methods, and applications, with a more detailed focus on systems that have appeared in
the last five years. Three notable trends are observed: 1) reduction in the size and price of systems;
2) transition from expensive equipment and licensed software to free hardware and software; 3) expanding
the capabilities of systems to be applicable both in the laboratory and in the field. Extraction of ecological
and biological information from underwater videos is greatly facilitated by a variety of machine learning
techniques; however, their accuracy is highly dependent on the quality of the training datasets. A new
optic-fluorescent flow-through system for zooplankton assessment (ZooFluoBox) is presented to expand
the range of the parameters measured by underwater imaging instruments and enhance the control of
turbulent and light conditions during video recording. Fluorescence detection allows distinguishing
between eating and non-eating zooplankters: diapausing or dead and live ones. The system is designed
to profile zooplankton abundance and depth distribution, mostly in inland waters, as its depth limit is

60 m and object size limit is 5 mm.
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CucremMbl OIBOHOIi BH/I€0CHEMKHI
A1 M3yYeHHs1 YHCJIEHHOCTH U Pa3HOOOPa3Hs 300IIAHKTOHA:

npooJieMbl 1 BO3MOKHOCTH

A.II. Tosiomees*?, E. C. 3agepeeB™?,

A.B. JIpo6oros?, /1. 1. SIckensiiinen®
“‘Uncmumym ouogusuxu CO PAH

QU] «Kpacnoapckui nayunvid yenmp CO PAH»
Poccuiickas ®edepayus, Kpacnosapck
*Cubupcruii gpedepanvhbvill yHugepcumem
Poccuiickas ®edepayus, Kpacnosapck

AnHoTtanusi. CucTeMbl MOJIBOJHON BUJEOCHEMKH 300ILIAHKTOHA PACCMOTPEHBI B KOHTEKCTE UX
pa3BUTHS, METOAOB M 0bnacTell npuMeneHns. OTaenbHOe BHUMAHKE y/IeJIeHO CHCTEMaM, MO BUBIIMMCS
B MIOCJIE/IHUE MSITh JieT. HabiroaaoTes Tpu 3aMeTHBIE TeHICHIIMU: 1) YMEHbIICHHE pa3MepOB U CTOUMOCTH
CHCTEeM; 2) IEPEXOJI OT JOPOTrOCTOSIIEr0 000PYIOBAHUS U JIULIEH3HOHHOTO MIPOrPAMMHOT0 00eCIICUeHHSI
K OecIuiaTHOMY 00OpYAOBAHHUIO M IIPOrPAMMHOMY 00ECIICUCHHUIO; 3) paCIIUPEHUE BO3MOKHOCTEH
CHCTEM ]ISl IPUMEHEHHSI KaK B TaOOPAaTOPHBIX, TaK M B ITOJICBBIX YCIOBHUIX. V3BIICUEHHE KOIOTHUECKOM
1 Ouosornyeckoit nHpopMaIMK U3 NOABOAHBIX BUIECO3AMNCEH 3HAUNTEIBHO 00JIerYaioT pa3iniHbIe
METOJIbIl MALIMHHOTO 00y YeHU s, OHAKO UX TOYHOCTh CUIIBHO 3aBHCHT OT Ka4ecTBa 00yYarolInX HaOopoB
naHHbIX. [IpecTaBieHa HOBast ONTHKO-(IyopecieHTHAs IIPOTOYHASE CUCTEMA JIJTsl OLIEHKH 300IIaHKTOHA
(ZooFluoBox), mo3Bossitomas paciupuTh CIEKTP U3MEPSIEMBIX TapaMeTPOB MOABOIHBIX IIPHOOPOB
1 00eCcreYnTh KOHTPOJIb TYPOYJICHTHBIX M CBETOBBIX YCJIOBHI IIpH BHIeOCheMKe. JleTekius (iyopeceHInm
TI03BOJISIET Pa3IMYaTh IMUTAOIIMXCS U HE IIUTAOLIMXCS (IHAnay3upPyOLINX HIIH MEPTBBIX) 300IJIAHKTEPOB.
Cucrema npeHa3HaueHa JJisl U3y4eHHs 300I1JIaHKTOHA, IIPEUMYILIECTBEHHO BO BHYTPEHHUX BOJIOEMAX,

MOCKOJIbKY €€ BO3MOXXHOCTH OI'PAHUYCHBI l"J'Iy6I/IHaMI/I 10 60 Mmu pa3MepaMu 00BEKTOB 10 5 MM.

KiroueBble ciaoBa: nmoaBoJHasa BUJACOCHECMKA, (I)J'IYOPGCLIQHLII/IS[, CTEPCOCKOIINYICCKasa Cucrema,

300IIJIAaHKTOH.

BuaarompapHocTu: VcciiennoBanue BBITNIOJIIHEHO 3a c4eT rpanTa Poccuiickoro Hay4Horo ¢poHaa (IpoeKT
Ne 23-24-00270), https://rscf.ru/en/project/23-24—-00270.

Lutuposanue: Toxomees A.I1. CucTeMbl MOJBOAHON BUACOCHEMKH ISl H3YYCHHS YHUCICHHOCTH U Pa3HOOOPa3Hs 300IJIaHKTOHA:
npo6uemsl u BozmoxkHoctr / A.T1. Tonomees, E. C. 3anepees, A. B. [Ipo6otos, 1. 1. Sckensitnen / Kypn. Cud. denep. yH-ta.
Buonorus, 2024. 17(4). C. 420-437. EDN: PRIDIJS
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Introduction

Underwater video systems for plankton
analysis have made significant progress in
their development over the past few decades
and continue to improve (Lombard et al., 2019;
Moghimi, Mohanna, 2021). This area of research
is actively developing thanks to the technical
capabilities of modern video cameras (the
emergence of high-speed, high-resolution light-
sensitive matrices) on the one hand, and to the
success of neural network image processing
algorithms, on the other. Together, these two
factors underpin the strong trend in plankton
research based on automated video analysis
systems (Orenstein et al., 2022).

There are several underwater systems
designed for different tasks of analyzing
images of planktonic organisms in the field and
laboratory conditions. Systems can be focused
on different size groups of planktonic organisms
ranging from several micrometers (Orenstein
et al, 2020) to tens of centimeters (Cowen,
Guigand, 2008) and can be based on different
principles of recording optical signals. Line-scan
and area-scan cameras (Culverhouse et al., 2015;
Pitois et al., 2021; see review Lombard et al.,
2019), holographic cameras (Gordcs et al., 2018;
Dyomin et al., 2021), and 3D cameras (Simoncelli
et al., 2019) are used. The type of light source
and its location vary as well. Some systems are
unique developments of individual institutes, for
example, ZOOVIS-SC (Benfield et al., 2007),
SPC (Orenstein et al., 2020), etc.

More than a dozen similar systems, both new
and based on older, but significantly upgraded,
models, have appeared over the past years. The
purpose of this paper is to summarize the systems
mentioned in the literature in the last five years,
to discuss major challenges and opportunities
in underwater video imaging systems used
to study zooplankton, and to introduce the

new ZooFluoBox system, which expands the

capabilities of in situ devices for underwater

imaging of zooplankton.

The review of underwater video imaging
and zooplankton analysis systems

A summary of underwater video imaging
and zooplankton analysis systems that have been
published since 2019, following the detailed
review by Lombard et al. (2019) of different
optical and imaging methods to study plankton
both in the laboratory and in situ, is presented in
Table 1. We did not aim to compare in detail all
technical characteristics of the systems, because
many of them can be easily modified by changing
optics and photo sensors and by altering shooting
modes.

Among the commercial underwater video
systems for studying zooplankton, the most
famous are the UVP (Underwater Vision Profiler)
(Picheral et al., 2010; Picheral et al., 2022) and
the ISUS (/n Situ Ichthyoplankton Imaging
System) (Cowen, Guigand, 2008). Both systems
are open, i.e. images of zooplankters are taken
in the external environment without control of
the turbulence and light conditions. The UVP
consists of a 4 or 5 MP video camera and two
side light sources that produce short flashes in the
red range of wavelengths with a duration of 100
us (http:/www.hydroptic.com/index.php/public/
Page/product_item/UVP5 DISCONTINUED).
Short flashes allow acquiring clear images
of objects in motion. The size of the scanned
water volume is 15 cm x 20 cm x 3.5 c¢cm (about
1 liter) per frame. The size of one pixel is 145 or
88 um depending on the system configuration.
Recently, a lightweight version of the UVP6-LP
was introduced (Picheral et al., 2022), scanning a
volume of 15 cm x 180 cm % 2.3 ¢cm (0.6 L) per
frame with a resolution of 73 pm.

The ISTIS, unlike UVP, does not have a
lateral light source, but is based on recording of

objects in direct transmitted light. The camera
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and light source are located opposite each
other, forming a scanned volume between them.
Objects in this volume are projected onto the
camera sensor as dark silhouettes against a white
background. Owing to the collimator lens, which
creates a parallel flow of light in the scanned
space, the projections of the objects always have
the same size, regardless of their position relative
to the collimator lens. In various configurations,
the camera captures a strip width from 42 to
135 mm, while the scanned profile is effectively
continuous. Resolution of the system is 21-46
pm. Both systems (UVP and /SIIS) are focused
primarily on the study of marine plankton and
operate at depths of up to 6000 and 200 m,
respectively. The maximum resolution of the
system (21 pm, ISIIS) is suitable for identifying
objects measuring 0.3 mm or larger. Considering
the high transparency of water and the fairly large
size of marine zooplankton (usually more than 1
mm), the technical characteristics of the devices
fully satisfy the tasks of identifying, determining
the abundance, and finding profiles of the spatial
distribution of marine zooplankton.

Open systems, though, have their drawbacks.
They underestimate the number of rare species
or individual groups of organisms of the same
species that are not constantly present in the field
of view of the camera. To mitigate this drawback,
itis necessary to increase considerably the volume
of scanned water. This can be achieved either
by performing repeated manual measurements
of zooplankton profiles or by installing an
underwater camera at a buoy station for a long
time (Li et al., 2022). Zooplankton abundance
and depth distribution can also be profiled
autonomously, using a robotic winch. However,
integrating a camera into a monitoring platform
is not always possible and is more costly.

Another limitation of open systems is that
they cannot detect weak fluorescence signal of

phytoplankton from the gut of animals against

a natural light background. Underwater systems
with the flow chambers were first designed
quite a long time ago, for example, OPC and
LOPC
observing/opcs.html) or LOKI (Schulz et al.,

(http://www.coml.org/investigating/

2010). However, they were not developed further.
There are several systems using the flow-
through principle, in which the recording part
is surface-mounted and located onboard. There
are several modifications of the LiZA/PIA flow-
through system (Culverhouse et al., 2015; Pitois
et al., 2018, 2021). Recently, an imaging and
classification system for small aquatic organisms
based on the flow principle — SAO Imager — was
developed (https://www.oceanspacesensors.
org/saoimager). It was presented in May 2022
at the Joint Conference of American Societies
for Aquatic Ecology, JASM, May 14-20, 2022
The

system consists of the imaging chamber with a

(https://jasm2022.aquaticsocieties.org/).

high-speed line-scan camera located onboard,
while water is pumped from the desired depth. The
main advantage of the system is its performance
in harsh weather conditions. The system is
compact and easy to use. However, the imaging
chamber of this system is not submersible, which
is a major disadvantage. As the water sample is
delivered to the imaging chamber via a hosepipe,
the fragile organisms can be destroyed because
of cavitation, and the organisms can be subjected
to stress, leading, for instance, to the shedding of
egg sacs by copepods, which will substantially
change the characteristics of the zooplankton
community. In addition, the bubbles formed
when pumping water through a hosepipe create
considerable image noise.

Laboratory systems have better image
quality compared to submersible underwater
systems. The most widely used laboratory
systems are FlowCam (Sieracki et al., 1998) and
ZOOSCAN (Grosjean et al., 2004). FlowCam

is a flow cytometer that captures image of each
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particle/object, optical scattering, and fluorescent
signal of particles. The interchangeable objectives
make it possible to image objects in a wide range
of sizes from phytoplankton cells (the minimal
size is ca. 0.2 pm) (e.g. Zadereev et al., 2021) to
zooplankton (up to 2 mm) (e.g. Wang et al., 2017).
The system has its own software that allows the
user to identify objects, consider their quantity,
and measure physical characteristics.

ZOOSCAN isascanner for fixed zooplankton
samples, built based on a professional photo
scanner of the Epson Perfection series. Images
have a high resolution of 4 um and even higher
for small scanning areas. The advantage of this
system is the low cost of the device with excellent
quality of the resulting images (Yolgina et al.,
2022).

Thanks to the efforts of developers of
systems for the video imaging of zooplankton in
the field and in the laboratory, it became possible
not only to speed up the acquisition of data on the
abundance and biomass of planktonic species,
but also to expand the range of tasks related to
the functional ecology. The study by Orenstein
et al. (Orenstein et al., 2022) addresses the
prospects for such research. Based on computer
analysis of images, many characteristics can
be obtained that are directly related to growth,
reproduction, nutrition, survival, physiological
state and behavioral responses. Thus, the greater
the capabilities of the imaging system (resolution,
reproducibility, size of the field of view, etc.), the
wider the range of tasks that it can solve. An
integral direction in the development of plankton
imaging systems is the improvement of software
and image processing algorithms.

The current state of computer methods
for the imaging of plankton and “sea snow”
particles was reviewed by Irisson et al. (2022).
At the early stages of image analysis, classical
machine learning methods such as support

vector machines and random forests were used

to identify objects; later, convolutional neural
(CNNs) were
Classical machine learning methods require

networks developed widely.
obtaining individual properties/characteristics
of objects (size, area, shape indicators, color,
texture, etc.), and a classification is built on their
basis. Convolutional neural networks are trained
on many (tens of thousands) known images, and,
subsequently, they do not need to take individual
characteristics of objects — only the original image
is needed. There are a large number of projects
aimed at improving algorithms for recognizing
planktonic organisms (e.g. https:/kaggle.com/c/
https://ecotaxa.obs-vlfr.fr/).
In particular, the Russian corporation Yandex

datasciencebowl,

recently announced the development of a neural
network based on Yandex Cloud for the analysis
and classification of planktonic organisms in
images previously collected from Lake Baikal
(https://github.com/baikal-zooplankton).
Nevertheless, machine-learning techniques are
only as good as the data they are trained on
(Irisson et al., 2022). Classifiers can be improved
through large, diverse and representative training
data sets. A full review of these methods is
beyond the scope of our paper.

The main progress in the development
of underwater video imaging systems and
zooplankton analysis was associated with oceanic
and marine research. On the one hand, oceanic
systems, compared to inland water bodies, have
a considerably larger scale. For large systems,
the possibility of reducing the time for sample
processing and increasing the coverage of the
water area with samples/observations is one of
the priorities. Video imaging of zooplankton and
other particles, including settling dead organic
matter, can significantly reduce the cost of ocean
research and increase the accuracy and volume
of information collected. In addition, the work
on board large marine vessels makes it possible

to use bulky equipment, and the first underwater
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video imaging systems were often integrated into
various underwater probes and gliders.

Considering the uniqueness or low serial
production of many such systems, they were
quite expensive (for example, the average cost
of the in situ optical systems for the plankton
imaging was ca. US$ 70000 as reviewed by
Lombard et al. (2019)). However, in routine ocean
research, given the scale of these systems, the use
of expensive instruments is justified.

The high price and the bulkiness of the
equipment hampered the use of underwater video
imaging systems in continental waters (however,
see Zadereev et al. (2010) on the use of a relatively
cheap system to analyze vertical profiles of
amphipods in the stratified lake). However,
the reduction in the price of high-speed video
cameras and the development of image analysis
methods have led to the rapid development of
underwater video imaging systems.

With a decrease in costs of consumables and
image and video processing algorithms, a trend is
emerging towards the development of cheap open
systems in which both consumables and software
are available to the user. For example, video-based
approach Zoobooth was developed to measure
the size of individual zooplankton. The device is
small, portable, and constructed of affordable and
available components. Authors shared all the files
to build and use Zoobooth (Broch, Heuschele,
2023). The In situ Plankton Assemblage eXplorer
(IPAX) is an open-source low-cost imaging
platform for zooplankton studies. Material costs
of the IPAX are less than US$ 450 (Lertvilai,
2020). We consider that, similar to other areas
of biology (see, for example, Jolles, 2021), the
development of underwater video surveillance
systems will move towards lower cost and
openness of hardware and software code. Thus,
keeping in mind this trend and comparative
analysis of existing systems for in situ imaging

observation of zooplankton, we propose the

design of underwater optic-fluorescent flow
system for zooplankton assessment. As we plan to
make this system open in terms of both hardware
and software, we decided to describe it and make
it available to aquatic ecologists and researchers
from the very beginning. The progress with
the development of the system will be available

online at https:/zoofluobox.wordpress.com/.

Proposed underwater optic-fluorescent
flow system for zooplankton assessment —
ZooFluoBox

Idea and background

The

approaches in zooplankton research based on

development of new instrumental
digital image analysis aims to improve the quality
and quantity of measured biological parameters.
However, the development of new tools required
to solve contemporary scientific problems is
often limited by the technical capabilities of the
recording photo and video equipment (or its high
cost). Fortunately, such digital cameras as action
cameras have become widespread recently.
The combination of high-quality photographic
sensors and a relatively low cost of the devices
provides the basis for their current practical use
in zooplankton bioimage analysis. For example,
testing the GoPro 11 camera in the 4k resolution
and 60 fps mode with an external macro lens
showed thatthe image ofa | mm objectatadistance
of 10 cm is about 38 pixels (or pixel resolution
of 26 pm). This resolution is usually sufficient
to determine the shape and size of zooplankters
and identify them roughly at the level of higher
taxonomic groups. The total volume of water
that can be simultaneously “scanned” with this
camera with an acceptable level of sharpness is
about 300 mL. In addition, the sensors of modern
action cameras have sufficient light sensitivity to
register fluorescent signals emitted by objects.
In the case of zooplankton, microalgae in their

guts produce the fluorescent signal. Fluorescence
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signals can be used to estimate the physiological
state of zooplankters and their food sources and to
distinguish between live and dead or diapausing
individuals in a population.

The

systems are extensively used to study the

underwater fluorescence imaging

abundance and composition  of

2012).
However, such systems are designed to study the

species

phytoplankton (e.g. Lunven et al,

florescence signal of small phytoplankton cells
in a small water volume illuminated with laser
beam at specific wavelength (e.g. submersible
flow cytometer (Imaging FlowCytobot) records
optical properties of individual suspended cells <
100 um as they pass through a focused laser beam
in a 5 mL water volume (Olson and Sosik, 2007)).
Such an approach is not suitable for automated
underwaterimaging of mesozooplankton, as much
larger volumes of water need to be visualized.
Thus, all systems mentioned above are technically
and ideologically different from the proposed
ZooFluoBox system. We tested the possibility
to record the fluorescence with an action camera
using cladoceran Moina macrocopa (Straus,
1820) fed with green alga Chlorella vulgaris (Fig.
1). The fluorescent signal, which is clearly seen
under an epifluorescence microscope (Fig. 1, a,
b), is also visible on the frames captured with
the action camera (Fig. 1, ¢, d). The resolution of
the action GoPro HERO 11 (GoPro Inc, U.S.A.)
camera is also high enough for the identification
of zooplankton individuals with the body length
ca. | mm and longer (Fig. 1 e, ). In addition to
fluorescence, video recordings (as opposed to
photo images) can be used to assess the swimming
activity of zooplankters. The field of view of
action cameras is large enough to record the free
movement of zooplankters. Swimming pattern is
related to physiological state and, sometimes, can
be used for taxonomic identification along with
other features. The additional parameters listed

(swimming activity and fluorescence) are not

new to laboratory systems, but in practice, they
are not measured for the zooplankton in the field
because underwater instruments are most often
of the open type and do not control turbulence
and light conditions.

The idea behind the new instrument is to
transfer some of the capabilities of laboratory
systems into the field device. At the same time,
researchers should also be able to control and
calibrate the measured parameters by laboratory
methods if necessary. This opportunity should
be implemented in the field system. The desired

system can be based on an underwater flow-

Fig. 1. Images of Moina macrocopa (Straus, 1820) fed
with green algae Chlorella vulgaris acquired with (a,
b) epi fluorescent Axioskop 40 (Carl Zeiss, Germany)
and (c-f) action camera GoPro HERO 11 (GoPro Inc,
U.S.A.). Moina under light-field (a) and fluorescent (b)
microscopy. Video acquisition of Moina with GoPro
camera illuminated by 410 nm excitation light (c,
d) and ambient light (e, f). Fluorescence of algae in
guts is distinguishable
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through system. Zooplankton should be recorded
inside flow housing to control turbulence and
light conditions. Two video cameras can be
used to obtain 3D images of zooplankters and
their swimming patterns. The lighting system
should light

sources. Water flow through the housing can be

include excitation fluorescent

performed by means of a hose and a water piston
pump. Processing of the video material can be
performed by any state-of-the-art methods used

in bioimage analysis and machine learning.

Instrument’s conception

We propose a new optic-fluorescent flow-

through system for zooplankton assessment —

ZooFluobox

Fluorescent
flow-through
housing

Action cameras inside
underwater housing

S
red filter

Honeycomb to
suppress turbulence

' /

w

y A

Glass windor
( J

>

Water pumping

The

underwater node and an on-boat one (Fig. 2). The

ZooFluoBox. system consists of an
on-boat node includes a water piston pump and a
light switch unit. The underwater node consists
of a video camera module and flow-through
housing with dark field LED illumination. A
depth sensor is added to the underwater node for
accurate vertical positioning. A hose connected
to an on-boat pump performs the flowing of
water with zooplankton through the housing. The
length of the hose specifies the depth range of
the zooplankton recording. The hose is enhanced
with a rope for safe lowering of the underwater
part. Along the hose is located the power cable

for the light module. The pump drives water

Deployment

Water piston pump
and
LED control
switch

Water collection for
zooplankton

hose recording control

Fluorescence of algae
ingested by zooplankters

Lightning panel

Fig. 2. Structural diagram of ZooFluoBox — optic-fluorescent flow-through system for zooplankton assessment.
The system consists of an underwater node and an on-boat node. The on-boat node includes a water piston pump
with pulse-width modulation to control flow rate and a light switch unit. The underwater node consists of a video
camera module and flow-through housing with dark field LED illumination. A depth sensor is used to determine

vertical position
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through the housing in cyclic mode. Valves
are installed at the inlet and outlet of the pump
piston cylinder to prevent water backflow. In the
first half of the cycle, the piston is pulled back,
creating a vacuum in the cylinder. The vacuum is
transferred through a hose to the housing of the
submerged part. As a result, the housing is filled
with new water from the outside environment. In
the second half of the cycle, the pumped water
is drained from the pump cylinder. At this time,
water movement through the housing is stopped,
for the optical-fluorescence characteristics of
zooplankters and their natural swimming pattern
to be recorded under stable conditions. The water
that has passed through the system is collected
in an on-boat vessel for subsequent analysis of
the captured zooplankton in the laboratory if
necessary.
The
parallelepiped about 3 cm high, the top face of

flow-through housing is a flat
which has a glass viewing window for video
recording. The front part of the housing is open
and narrows horizontally to form a sampling
tunnel through which water is drawn from the
investigated layer. The opposite side of the
housing is connected to the hose that allows
the water to be pumped. Damping baffles are
located inside the housing to dampen turbulence
at the inlet and outlet of the zooplankton video
recording area. The baffles include a honeycomb
structure wall and mesh screens in a similar
manner to work by Zhang et al. (2020). The size
of the partition cells certainly limits the size of
the recorded objects, but it is large enough (~ 5
mm in diameter) for free passage of freshwater
zooplankton. We observed small water swirls in
the video recording area for 5—7 seconds after
the pump stops. During the water intake, the
zooplankters sometimes “freeze”, but then they
resume their usual movements. Turbulence inside
the chamber is minimal due to the damping

baffles. In addition, the pump operates with

smooth acceleration and deceleration during
water intake to reduce turbulence inside the video
recording area.

There is a video recording camera module
above the viewing window (size 10 cm X 12 cm)
of the housing. Two video cameras forming a
stereo pair are located at the top of the truncated
pyramid body at a distance of 10 cm from the
observation window. An air space is kept between
the video cameras and the observation window.
The use of two video cameras also allows one to
determine the exact size of the recorded objects
using the triangulation method. The lighting
units are located on the side faces of the flow
housing. Switching on the LED illumination is
related to the water pumping cycle. The housing
can be equipped with different types of LEDs to
obtain optical and fluorescence characteristics of
zooplankters. The following scheme would be
optimal for obtaining zooplankton morphometry
and swimming pattern and for assessing the
qualitative composition of ingested food in a
single profiling. One of the two cameras captures
objects in the full-light wavelength range and the
other in the red region (>650 nm or >590 nm)
to record fluorescence from zooplankton gut
contents while also retaining outlines of bodies.
The blue-violet (400-450 nm) and the green-
yellow (550—570 nm) excitation light is proposed
to emit the fluorescence. The blue-violet LED is
required to record the fluorescence signal from
green microalgae, while the green-yellow LED
excites the fluorescence from cyanobacteria.
Both types of LEDs can be switched either in
series or in parallel. The operating depth range
of the device is determined by the waterproof
properties of the cameras and is usually within
60 meters. In most cases, this is sufficient to study
the zooplankton of inland water bodies and to be
used in shallow marine ecosystems.

Given the availability of consumables (our

system is based on a commercially available

— 433 —



Alexander P. Tolomeev, Egor S. Zadereev... Underwater Video Imaging Systems to Study Zooplankton Abundance...

GoPro camera) and the development of image
analysis algorithms, we expect this system to
be an open source system in terms of software,
With the

development, all drawings, instruction, and

design, and hardware. project
program codes will be published on a website
(https://zoofluobox.wordpress.com/), which will
allow any researcher of inland water bodies to
construct and use a similar system at low cost and

with available resources.

Conclusion

Until recently, progress in the development
of underwater video surveillance systems for
planktonic organisms was associated with their
use in oceanology. However, as it was noted by
John Downing (Downing, 2014), the two fields of
aquatic ecology — oceanography and limnology —
like two twins, should not be separated by
methods, approaches, and ideas. Equipment
for inland waters must be substantially more
compact and often cheaper than for oceanic and
marine ecosystems. However, the development
and miniaturization of technology, as well as
the emergence of accessible and free image
processing algorithms, make this task close to

implementation. The following trends can be
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