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Introduction 

 
Software for automatic image analysis of organisms such as plankton already exist and have 
been shown to function for automatic recognition at least at coarser taxonomic levels (e.g. 
Bell and Hopcroft 2008). Analysis of benthic macrofauna (abundances, weight, length etc.) is 
a task which is still performed manually. This manual work is a slow time consuming process 
(Nygård et al. 2014) which may be speeded up by automation of certain analysis steps. 
Biases due to differences between experts may also be reduced or eliminated by the use of 
automated analysis methods. 
 
Typically time consuming manual analysis steps 

- Sorting of sample. The samples are typically sieved in field. Specimens and other 
objects larger than the sieve mesh size (detritus, gravel, stones, shells etc.) are 
collected and brought to lab for sorting. During the sorting in lab, specimens are 
manually separated from other objects and counted. In many cases (in the Baltic 
Sea), most specimens can be identified to species or genus level immediately during 
the sorting without the need for extensive microscoping. This sorting is often a time-
consuming task. 

- Identification of specimens. Some specimens (certain groups, damaged specimens 
etc.) will not be possible to determine immediately during the sorting of the sample. 
Identification of these specimens will require more work, typically including 
microscoping. Time required for this task will vary depending on factors such as taxa 
found and taxonomic resolution required in the survey. 

- Weighing, measuring etc. Additional analyses such as measuring or weighing 
specimens are often performed. Weights can be performed per taxonomic group or 
per specimen. Manual measurements are slow and time consuming tasks (Nygård et 
al. 2014). 

 
The sorting step is a manual step which is always performed. In this report it is evaluated if 
manual sorting and counting may be replaced with an automated image analysis of scanned 
samples using the software ZooImage and if the automated analysis process is faster and or 
more precise than manual sorting and counting. 
 
 
 

Methods 
 
The ZooImage software (Grosjean and Denis 2007) was utilized in image analysis of scanned 
zoobenthos samples collected with Van-Veen grab in Kalmarsund (southern Baltic Sea) in 
2014.  
 
Samples were sieved and collected in plastic jars containing the sieved samples preserved in 
ethanol. Each sample contain the sieved zoobenthos specimens as well as detritus and 
gravel too large to pass through the sieve but too small to be removed manually during 
sieving. 
 
In lab, each sample was placed in water in plastic Petri-dishes and scanned using a Canon 
Canoscan 9900F at the transparency setting at 800 dpi in color mode. Images were saved in 
jpeg at the highest quality setting. 
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Images were imported using the Canoscan driver and GIMP (GNU Image Manipulation 

Program) 2.8 and thereafter processed in the ZooImage software. ZooImage processing and 

analyses are performed in a stepwise process in which software such as R (R2.4.1) and Image 

J (1.38r) are utilized in different steps. In short images are first imported and metadata is 

attached. Thereafter the particles in the samples are automatically cut into individual images 

(vignettes) and a number of characters (size, shape etc.) of each particle are analyzed and 

saved. Acquired data can thereafter be utilized as a training set in order to train a classifier 

or be analyzed using an existing classifier. Several classifiers are available in ZooImage. In 

this case randomForest was used. 

 

Results 
 
Substitution of manual sorting by automated identification of specimens in raw sample 
(including other objects) 
Two raw samples were analyzed. The samples contained 0.5 and 0.4 l of gravel and other 
objects respectively. Gravel and detritus made the scanning of zoobenthos impossible since 
the specimens were covered by gravel and detritus and therefore not seen in the scanned 
images. Also when the samples were divided into 20 sub-samples, the gravel and detritus 
content was too high (Figure 1). No specimens could be separated by the software among 
the gravel and detritus since most specimens were entirely or partly covered by gravel and 
detritus. 
 

 
Figure 1. Example from scanned raw unsorted sample (sub-sample 1 of 20). 
 
Identification of specimens from sorted sample 
The samples above were sorted manually and specimens were separated from gravel and 
detritus and scanned. A randomForest classifier was created in ZooImage using specimens 
from these samples plus extra specimens from five other samples in order to increase the 
number of specimens, especially for less abundant species. 
 
In order to test the classifying capacity of ZooImage this classifier was used to classify the 
scanned specimens (Table 1). Species that were abundant in the training set were very well 
classified (e.g. Marenzelleria sp. of which 100 % of the specimens were correctly classified) 
while the rarest species in the training dataset were usually wrongly classified. The samples 
also contained a few specimens of Saduria entomon but this species could not be included in 
the analysis since there were too few specimens for training of the classifier. 
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Table 1. Classification results from randomForest classifier in ZooImage. Detritus are parts of 
specimens or other detritus remaining after sorting. “Letters” are small transparent letters 
printed in the bottom of the Petri dishes by the manufacturer (these are also identified as 
objects in ZooImage).  
This table includes both samples together. 
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 Asellus 1 0 0 0 0 5 0 0 

Bylgides 0 5 0 0 0 1 0 0 

detritus 0 0 10 0 0 1 0 3 

Halicryptus 0 0 0 0 2 1 1 0 

Macoma 0 0 0 0 50 0 2 0 

Marenzelleria 0 0 0 0 0 73 0 0 

Mytilus 0 0 0 0 4 2 28 0 

Letters 0 0 1 0 0 0 0 15 

 
 
 
 
Automatic measurements of specimens for calculation biovolume and biomass 
ZooImage provides a large number of values characterising each scanned specimen retrieved 
from automatically created miniature images (vignettes) in ImageJ. These measurements 
can be used for automated analyses of biovolume, biomass, length and other parameters. In 
order to use such measurements for biomass and/or biovolume values such as a length or 
similar should be related to biovolume or biomass, e.g. from the literature. Secondly, the 
parameter used in this relation (e.g. length of a certain body part of a species) needs to be 
related to a parameter retrieved during the image analysis. This is performed by manual 
measurements of the vignettes in ImageJ. 
 
The ZooImage software was however designed for zooplankton species and not for 
zoobenthos. Several groups (e.g. most worms) are soft and lay curved, bent or coiled in any 
position in the scanned samples. They may also be retracted or protracted which 
significantly affects the length. Many crustaceans (e.g. amphipods) are also usually more or 
less bent. This makes establishment of such relations much harder for zoobenthos than for 
many zooplankton species (e.g. copepods have comparably hard and distinct prosomes that 
can be measured). 
 
Automated biomass and biovolume measurements of zoobenthos using currently available 
software should therefore be restricted to groups with hard bodies or hard and distinct body 
parts that appear clearly and may be measured in scanned images. The applicability of such 
measurements for species included in this test is listed in Table 2. These recommendations 
are applicable also for other species with similar characteristics (e.g. not only Marenzelleria, 
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but also other long and slender worms will be impossible or difficult to measure with this 
technique whereas almost all bivalves will be suitable). 
 
Table 2. Suitability for automated biomass or biovolume calculations in ImageJ for species 
scanned during this test. With future software development, more groups may be suitable 
for automated biomass or biovolume calculations. 

Species 

Suitability for automated 
biomass or biovolume 
calculations: 3 = good, 2 = 
potential, 1 = not suitable Reason/comment 

Asellus aquaticus 2 
May be bent. Dorsal or ventral side 
may be seen in the image. 

Bylgides sarsi 1 
Often bent. Fragile and often 
damaged. 

Halicryptus spinulosus 1 Soft body in varying shapes. 

Macoma balthica 3 
Hard and distinct shell. Open shells 
are possible problems. 

Marenzelleria sp. 1 Soft body and normally coiled. 

Mytilus edulis 3 
Hard and distinct shell. Open shells 
are possible problems. 

Saduria entomon 2 
May be bent. Dorsal or ventral side 
may be seen in the image. 

 
Due to their shape and hard shells, bivalves are well suited for use in automated analyses. 
Nygård et al. successfully performed automated length measurements of the bivalve 
Macoma balthica in ImageJ (used for image analysis in ZooImage) within the MARMONI 
project. In addition to this testing they also developed the software ACSA (Aquatic 
Crustacean Scan Analyzer) which may potentially also be used for size measurements of 
amphipods and polychaete worms. Such measurements can be related to biomasses and 
biovolumes using the approach described above. ImageJ, which is utilized in the ZooImage 
software, only provides the longest perimeter of the measured specimens which makes it 
less useful for other groups than bivalves. 
 

Discussion and conclusions 

 
The aim with this testing was primarily to identify a method for increased cost-efficiency 
and/or accuracy in analyses of macrofauna abundance and bio-volumes by the substitution 
of manual laboratory work with automated image analysis steps. The tested software is 
technically functional, but with most zoobenthos species and present grab sampling 
technique, this automated method still provides very few advantages over manual 
laboratory analyses. 
 
Automated abundance analyses don’t increase time efficiency since manual sorting is 
needed anyway since large amounts of detritus and/or gravel in most samples makes 
scanning of raw samples impossible. The classifying capacity for zoobenthos was therefore 
tested with already sorted samples. The powerful randomForest algorithm (Breiman 2001) 
was used as classifier. Common species in the training data were very well classified while 
rare species were usually wrongly classified. This result was expected since randomForest is 
known to classify common classes in the training data better than rare (e.g. Yao et al. 2013). 
A large and balanced (all classes of equal size) training dataset is therefore recommended. 
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Training of a good classifier will demand both time and effort, but it only needs to be 
performed once if all species in the area are included in the training dataset. 
 
For automatic analyses of bio-volumes and biomasses, good measurements of lengths or 
similar are needed. The tested software (ImageJ with the ZooPhytoImage plugin) could not 
provide useful measures for biomass or biovolume for any zoobenthos species other than 
bivalves. With further development different software may provide this functionally for 
more groups In the future. For example the new software ACSA may be adjusted to function 
for groups such as polychaetes and amphipods (Nygård et. al 2014). 
 
For the purpose of determining dominating group by biovolume for classification of grab-
data into HUB-classes (HELCOM Underwater Biotope and habitat classification, HELCOM 
2013) visual judgments during sorting of samples will often be sufficient and much faster 
than manual or automated analyses. 
 
For specific purposes when biovolume, biomass or length distribution data are needed, 
image-analysis software may provide cost-efficient alternatives to conventional manual 
laboratory analyses. At present, such automated analyses are only possible for very few 
zoobenthos species but further technical development may increase the functionality. Some 
manual work will most likely be needed in the process anyway, such as manually separating 
specimens before scanning or in the scanned images in order to avoid errors due to analyses 
of adjacent specimens as a single large specimen. 
 
In general, automated methods may potentially increase accuracy since biases due to 
different knowledge levels of experts are avoided. In this case, further development of the 
technique is needed in order to reach and exceed accuracy from manual analyses. 
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