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SYSTEM AND METHOD FOR COUNTING ZOOPLANKTON 

INTRODUCTION 

The present invention concerns an apparatus and a method for counting zoo-

plankton in a liquid medium, and in particular copepods in an aqueous medium. 

BACKGROUND 
It is well known that copepods are a sort of "vitamin bomb" for fish fry. Copepods 

are a type of zooplankton and the nutritional value is regarded as being better than 

that of rotifers. The aim is to produce copepod eggs that may be harvested and 

purified for further sale. When used as feed to fish, the eggs are cultured and 

hatched, and the resulting copepods used to feed the fish. Copepods may be used 

as feed for marine fish larvae in e.g. an aquaculture facility or aquarium. Also, 

good results have been achieved with copepod eggs as a start-feed for the 

offspring of rare aquarium fish. The copepods may be of the type Acartia tonsa. 

In a large production plant for copepods for production of copepod eggs, it is 

desirable to provide an automated process for the egg production. Manual 

counting of copepod densities is time consuming, and for this reason and others, 

the production of live food amounts to a significant part of the production costs for 

marine fish species. Today's copepod plants require human operator presence in 

order to distribute feed in accordance with growth and density of copepods. To 

enable better monitoring of copepod cultures and feed densities in larval tanks, a 

more efficient measurement method is needed. By exploiting the fact that 

copepods can be visually distinguished in size and shape from other particles 

present in culture water, the counting process can be automated. 

An automated process for counting rotifers in culture water is schematically 

illustrated in Figure 1 and described in M.O.ALVER et al: "Automatic measurement 

of rotifier Brachionus plicatilis densities in first feeding tanks"; Aquacultural 

Engineering 36 (2007) 115-121. An imaging box 1 is provided with an object glass 

2 inside. Computer controlled pumps 3 and valves 4 make it possible to 

automatically extract samples from one or several feeding tanks 5 into the object 
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glass 2 inside the imaging box 1. The object glass provides a defined volume at a 

distance from a digital camera 6. The defined volume is provided by a space 

between the two glass plates constituting the object glass 2. The space between 

the two glass plates can be chosen depending on the desired sample volume, and 

the focus depth of the camera. For high densities a shorter space should be 

chosen to reduce the risk of rotifers overlapping in the picture. The rotifers in the 

volume are photographed by the digital camera and the digital image processed 

by image processing to obtain a rotifer density inside the fixed volume. Figure 2 

shows an arrangement of light sources 7, object glass 2 and camera lens 6 of the 

prior art rotifer counter shown in Figure 1. Lighting is provided by 16 light emitting 

diodes 7 mounted in a square with four diodes along each side. The square is 

arranged so the cone visible to the camera (camera line of sight) falls in between 

the light emitting diodes 7. This set-up provides darkfield conditions, where light is 

reflected by particles in the water, causing rotifiers and other particles to appear in 

the images as bright spots against a dark background. Darkfield conditions provide 

images with better contrast than bright field conditions. 

The principles of the rotifer counter can be used for organisms that move 

sufficiently slowly or do not respond strongly to stimuli such as pumping or light. 

However, organisms such as copepodites of Acartia, and many other species, 

move rapidly, react to pressure gradients caused by pumping, and show strong 

taxis toward light. When pumping samples from a tank, this behavior invalidates 

the assumption that the plankton density in the measurement volume equals the 

density in the tank. 

SUMMARY OF THE INVENTION 

The invention provides a solution to the problems identified above. 

In a first aspect the invention provides a method for density measurement of 

zooplankton in situ in an aqueous solution, the method comprising: 

- acquiring at least one image of a volume V of the aqueous solution; 

- processing the at least one image and identifying particles in the image; 

- analyzing the identified particles based on a sharpness of each particle, and 

- identifying zooplankton to be counted. 
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Analyzing a sharpness of each particle may comprise tracing a boundary of each 

identified particle. Further, analyzing a sharpness of each particle may also 

comprise calculating an intensity gradient for each pixel along the boundary of 

each particle from the at least one image based on a rate of change of intensity 

between neighbouring pixels, and calculating a mean intensity gradient of all the 

pixels along the boundary of each particle. Analyzing a sharpness of each particle 

may further comprise correcting the mean intensity gradient for a general contrast 

level in the at least one image. 

The method may further comprise filtering of the identified particles in the at least 

one image based on shape parameters identifying which particles are zooplankton 

to be counted. An illumination device for illumination of the volume of the aqueous 

solution may be controlled in interaction with image acquiring and processing. 

In a second aspect the invention provides a system for density measurement of 

zooplankton in situ in an aqueous solution, comprising an imaging device for 

acquiring at least one image of a volume V of the aqueous solution; a plate 

arranged at a distance from the imaging device, the distance and a view angle of 

the imaging device defining the volume V of the aqueous solution imaged by the 

imaging device; and an image processing device performing image processing of 

the at least one image from the imaging device identifying particles in the image, 

analyzing the identified particles based on a sharpness of each particle, and 

identifying zooplankton to be counted. 

In a further embodiment, the imaging device may comprise a camera housing 

including at least one digital camera. At least one illuminating device is provided 

illuminating the volume of the aqueous solution. A controller may be provided for 

controlling the imaging device and the illuminating device based on feedback from 

the image processing device. 

In further aspects, the invention provides use of the system and method above for 

establishing a density of zooplankton copepods in an aqueous solution. The 
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system and method may also be used for controlling the distribution of food to 

copepods in an automated zooplankton egg production facility. The zooplankton 

may be copepods. 

In a further aspect, the invention also provides a computer program adapted to be 

executed in a computer comprising a processor and a readable storage medium, 

for performing the method above. In an even further aspect the invention provides 

a computer program product having stored thereon instructions for performing the 

method as defined above. 

With the present invention the number of zooplankton is counted in situ in the 

aqueous solution. The zooplankton is not disturbed by pumping, currents induced 

in the solution or strong light. This provides a simple and reliable measurement 

without disturbing or harming the zooplankton to be measured. The measurement 

does not rely on moving parts or tubes and object glasses that need replacement, 

and can be produced at a low cost. 

BRIEF DESCRIPTION OF DRAWINGS 

Example embodiments of the invention will now be described with reference to the 

followings drawings, where: 

Figure 1 shows an overview of a rotifer counter according to prior art; 

Figure 2 shows an arrangement of light sources, object glass and camera lens of 

the prior art rotifer counter shown in Figure 1; 

Figure 3a and 3b shows a schematic view of a counter for zooplankton according 

to an embodiment of the invention; 

Figure 3c shows a schematic view of system for counting zooplankton according 

to an embodiment of the invention, where the counter for zooplankton is 

submerged in an aqueous solution; 

Figure 4 shows an example of use of the counter according to an embodiment of 

the invention for counting Acartia tonsa showing an image where two individuals 

are in focus; 
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Figure 5 shows an example of use of the counter according to an embodiment of 

the invention for counting Acartia tonsa showing an image where a number of 

individuals are in different degrees of focus; 

Figure 6 shows an example of use of the counter according to an embodiment of 

5 the invention for counting Acartia tonsa, where density of copepods is shown as a 

function of time; 

Figure 7 shows an example of the use of the counter according to an embodiment 

of the invention provided with two light sources, where an image shows a number 

of individual Acartia tonsa in different degree of focus. 

10 

DETAILED DESCRIPTION 

Figure 3a shows an in situ counter 10 for zooplankton 11 in an aqueous solution. 

An imaging device in the form of a camera 12 is arranged in a water-proof camera 

housing 13. The camera housing is provided with a window for the camera. The 

15 camera is preferably a digital camera providing a digital image with pixels, but 

other digital imaging devices may be envisaged. A background plate 14 is 

provided in front of the camera 12 parallel with the camera lens 21. The camera 

line of sight 15 falls within the area defined by the background plate 14. The 

background plate 14 may be attached to an arm (not shown in Figure) connected 

20 to the camera housing 13. The background plate 14 is white to obtain a good 

contrast for the zooplankton 11 to be photographed. As shown in Figure 3b, the 

view angle (camera line of sight) of the camera lens 21 and the distance between 

the camera lens and the background plate 14 define a volume, V, photographed 

by the camera. Within V, there is a smaller volume, V2, limited by a focus interval 

25 17 of the camera lens 21, where particles in the water are captured sharply. The 

volume V2 is thus delimited in two dimensions by the field of view of the camera, 

and in the third dimension by the focus interval 17. Only particles within this focus 

interval 17 will become sharp in the image. An image acquired by the camera is 

processed by an image processing device and particles in the image identified. 

30 The identified particles are analyzed based on a sharpness of each particle, and 

zooplankton to be counted identified. As the volume V2 is known, a density may be 

obtained. 
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A light source 16 is provided on a side of the camera illuminating the volume V to 

be photographed. The light source 16 preferably provides white light and may be a 

light emitting diode (LED) or another suitable light source. The light source may be 

attached to the camera housing 13 or the arm connected to the camera housing. 

In a further embodiment, the camera housing may be provided with two light 

sources arranged on each side of the camera. This enables a more even and 

stronger illumination and provides a stronger contrast between the white plate 

background and the zooplankton in the volume to be photographed. 

The camera housing 13 with distance arm and background plate is adapted to be 

submerged into the tank 19 containing the aqueous solution with zooplankton to 

be monitored as shown in Figure 3c. The camera housing 13 may also be 

arranged e.g. on a pole 18 in order to be arranged in different positions inside the 

tank. The pole may be connected to a motorized arrangement. In the embodiment 

in Figure 3c, shows an embodiment with a camera housing 13 on a pole 18. The 

pole may be moved in all directions for positioning anywhere inside the tank. The 

arrows in Figure 3c only indicate movement in two directions for simplicity of the 

drawing, but also the other directions are possible. The camera housing 13 may 

move up and down in the pole. The camera 12 inside the camera housing 13 is 

connected to a computer 20 for analysing the images, controlling the camera, light 

sources and the motorized arrangement. A controller, exemplified by a computer 

in Figure 3c, controls the imaging device and the illuminating device based on 

feedback from the image processing device. 

The camera is connected to a control device with software for counting 

zooplankton. The control device may be a standard computer with a control 

interface. The software is provided with an image processing algorithm according 

to the invention, which will be explained in further detail below. The light source is 

driven by a light module. The light module is connected to the control device. The 

control module also comprises a light control interface controlling the light source. 

The control interfaces for the light source and the camera are coordinated by the 

software implementing the image processing algorithm. The light source preferably 
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only provides light in short periods when a new picture is to be taken in order to 

minimize the effect on the behaviour of the zooplankton. 

The camera of the in-situ counter aquires a number of images of the volume V 

inside the aqueous solution with zooplankton. One image may be sufficient for 

counting the number of zooplankton at a given time, but normally a number of 

consecutive images are acquired and analysed in order to provide a more 

accurate estimate of the density of zooplankton in the aqueous solution at a given 

time. If a number of consecutive images are acquired, each image is processed 

separately, and then an average of the number of zooplankton is estimated. The at 

least one image is processed by the image processing algorithm and the particles 

in the image identified. The identified particles are further analyzed with regard to 

a sharpness of each particle, and the zooplankton to be counted identified. 

Analyzing with respect to a sharpness of each particle enables filtering out of 

particles outside the focus interval of the camera lens, thereby providing counting 

of zooplankton within the defined volume V2. 

The image processing algorithm may provide the following steps: 

Analyzing a sharpness of each particle may include tracing a boundary of each 

identified particle. An intensity gradient for each pixel along the boundary of each 

particle may be calculated from the at least one image based on a rate of change 

of intensity between neighbouring pixels, and by calculating a mean intensity 

gradient of all the pixels along the boundary of each particle. The identified 

particles in the at least one image may be filtered based on shape parameters 

identifying which particles are zooplankton to be counted. 

Further details of the steps of the image processing algorithm are provided below. 

1. Smoothing of intensity. The image is split into a number of (n x m) parts; 

e.g. 5x5 parts. The average (mean or median) intensity is calculated for the 

pixels in each part, and then adjusted up or down for each part based on a 

deviation from a mean of the average intensities for the number of parts (n 
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x m) (e.g. 5x5 parts). The adjustment is interpolated in each pixel to avoid 

sharp gradients on the borders between the parts. 

2. Smoothing of the image to remove high frequency variations. 

3. Thresholding of the image to provide a binary image. Thresholding of the 

5 image is performed at an intensity level in between an average intensity 

level of the image and the darkest pixel in the image, at a minimum 

distance from the average intensity level. The weighting of the average 

intensity level compared to the darkest level (darkest pixel) to find the 

threshold level is adjustable depending on the lighting of the volume 

io photographed by the camera and the zooplankton to be measured. The 

resulting binary image is reversed so pixels darker than the threshold level 

become white, and the remaining pixels black. 

4. Erosion of the reversed binary image to remove small particles (particles 

covering only a small number of pixels, typically 1-10 pixels in this context). 

15 Removing these small particles reduces the calculation time for the further 

image processing of the image. 

5. The particles in the reversed binary image, which are collections of 

connected white pixels, are then filtered by size. Particles along the image 

edges are discarded, and the remaining particles are analysed with regard 

20 to sharpness. Analysing with regard to sharpness is done by first tracing the 

boundary of each particle. For each pixel along the boundary of a particle, 

the intensity gradient is calculated from the original image; i.e. the acquired 

image before start of imaging processing in step 1) based on the rate of 

change of intensity between the neighbouring pixels. The sharpness of the 

25 particle is defined as the mean gradient of all the pixels along the boundary 

of the particle, corrected for a general contrast level in the original image. 

All particles with sharpness below a certain level are discarded. This 

represents a filtering out of particles outside the focus interval of the camera 

lens. 

30 6. The remaining particles after filtering based on sharpness may be further 

filtered using well known shape parameters such as circularity factor, 

elongation, moments of inertia, convex area and compactness to decide 
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which particles are of the zooplankton species to be counted, and which are 

detritus or other organisms. 

The image processing algorithm described above results in a number of 

identified particles to be counted. All these identified particles are then 

measured in the processed image with regard to size in pixels, and this size 

in pixels may then be converted to an approximate volume estimate for 

each zooplankton. 

The principle can potentially be used on a wide range of planktonic organisms, 

including fish larvae. 

Examples 
The counter was tested in an aquarium with first a high density of copepods, and 

then a low density of copepods. Bubbling of the aquarium was provided in order to 

create calm circulation in the aquarium. The counter was set to store about 500 

images an hour for each density, with approximately 7 seconds between each 

image. 

Figure 4 shows an example of an image after image processing based on 

sharpness with two copepods in focus. Figure 5 shows the result after image 

processing based on sharpness with individual copepods in different degrees of 

focus. Only the copepods of sufficient sharpness are counted, the remaining 

copepods are filtered out. In Figure 5 only one of the copepods, the one in the 

upper corner, is sharp enough to be counted. The threshold for sufficient 

sharpness is set in advance for the camera and lighting setup based on visual 

inspection of images. 

An example of a density count at given times are provided in Figure 6, where an 

image is acquired at approximately every second minute. The number of individual 

copepods was counted per image in the test, and the density of copepods 

estimated. Copepod density is plotted as a function of time. The numbers for 

copepod density in Figure 6 are uncalibrated numbers, but the relative variations 
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between the numbers are correct. Calibration of the counter may be performed by 

comparing with manual counts of copepods. The perpendicular line indicates the 

time at which the density of copepods was reduced. The number of copepods 

counted by the counter, and thus the estimated copepod density, follows the 

reduction of density. 

Figure 7 shows an example where two light emitting diodes were used. The image 

shows 4-5 individual copepods in different degree of focus; i.e. some copepods 

are in focus whereas others are less in focus. Sharpness is determined for each 

of the four individuals. The individual closest to the center of the image and the 

one above and to the right of the center are of sufficient sharpness to be counted. 

The tests show that good contrast is achieved with the use of two light emitting 

diodes. Preferably, the shutter time of the camera should be as low as possible 

(approx. 6,7ms), providing good sharpness when there is a certain motion of the 

copepods in the volume to be photographed. 

Having described preferred embodiments of the invention it will be apparent to 

those skilled in the art that other embodiments incorporating the concepts may be 

used. These and other examples of the invention illustrated above are intended by 

way of example only and the actual scope of the invention is to be determined 

from the following claims. 
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CLAIMS 

1. Method for density measurement of zooplankton in situ in an aqueous 

solution, the method comprising: 

- acquiring at least one image of a volume V of the aqueous solution; 

- processing the at least one image and identifying particles in the image; 

- analyzing the identified particles based on a sharpness of each particle, and 

- identifying zooplankton to be counted. 

2. Method according to claim 1, wherein analyzing a sharpness of each 

particle further comprising tracing a boundary of each identified particle. 

3. Method according to claim 2, wherein analyzing a sharpness of each 

particle further comprising: 

- calculating an intensity gradient for each pixel along the boundary of each 

particle from the at least one image based on a rate of change of intensity 

between neighbouring pixels, and 

- calculating a mean intensity gradient of all the pixels along the boundary of each 

particle. 

4. Method according to claim 3, wherein analyzing a sharpness of each 

particle further comprising correcting the mean intensity gradient for a general 

contrast level in the at least one image. 

5. Method according to one of claims 1 -4, further comprising 

- filtering the identified particles in the at least one image based on shape 

parameters identifying which particles are zooplankton to be counted. 

6. Method according to one of claims 1-5, further comprising controlling an 

illumination device for illumination of the volume of the aqueous solution in 

interaction with image acquiring and processing. 
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7. System for density measurement of zooplankton in situ in an aqueous 

solution, comprising: 

- an imaging device for acquiring at least one image of a volume V of the aqueous 

solution; 

a plate arranged at a distance from the imaging device, the distance and a view 

angle of the imaging device defining the volume V of the aqueous solution imaged 

by the imaging device; and 

- an image processing device performing image processing of the at least one 

image from the imaging device identifying particles in the image, analyzing the 

identified particles based on a sharpness of each particle, and identifying 

zooplankton to be counted. 

8. System according to claim 7, wherein the imaging device comprising a 

camera housing including at least one digital camera. 

9. System according to claim 7 or 8, further comprising at least one 

illuminating device illuminating the volume of the aqueous solution. 

10. System according to one of claims 7-9, further comprising a controller 

controlling the imaging device and the illuminating device based on feedback from 

the image processing device. 

11. Use of the system according to one of claims 7-10 for establishing a density 

of zooplankton copepods in an aqueous solution. 

12. Use of the system according to one of claims 7-10 for controlling the 

distribution of food to copepods in an automated zooplankton egg production 

facility. 

13. Use of the method according to one of claims 1 -6 for establishing a density 

of zooplankton in an aqueous solution. 
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14. Use of the method according to one of claims 1 -6 for controlling the 

distribution of food to zooplankton in an automated copepod egg production 

facility. 

5 15. Use according to any of claims 11-14, wherein the zooplankton are 

copepods. 

16. Computer program adapted to be executed in a computer comprising a 

processor and a readable storage medium, for performing the method according to 

10 one of claims 1-6. 

17. Computer program product having stored thereon instructions for 

performing the method according to one of claims 1-6. 


