Imaging Techniques Used in Fish Bioimages
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Detecting skeletal or bone-related deformities in model and aquaculture fish is vital for numerous biomedical studies. In
biomedical research, model fish with bone-related disorders are potential indicators of various chemically induced toxins
in their environment or poor dietary conditions. In aquaculture, skeletal deformities are affecting fish health, and economic
losses are incurred by fish farmers.
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| 1. Introduction

In the realm of biomedical research, model fish species like zebrafish (Danio rerio), and medaka (Oryzias latipes) are
highly regarded as valuable vertebrate models. They are extensively used in a variety of biomedical applications,
encompassing drug testing, morphometric screening, genome editing, toxicology assessments, and behavior analysis in
vertebrates WIRBIMIBIEIE These model fish exhibit significant genetic and metabolic pathway similarities to both fish
and mammals, sharing over 70% of their genes with humans B2 Notably, zebrafish and medaka models are
particularly advantageous due to their ease of maintenance and reproduction. Together with other technical advantages
such as small size, low maintenance cost, high fecundity, and amenability to genetic engineering tools, the reason these
fish are so popular among scientists is their suitability for in vivo imaging 3124, The embryonic and larval stages of these
animals are translucent, allowing for the application of advanced imaging technologies to observe biological processes in
a living animal. This property bears great potential for biomedical research when combined with the availability of
transgenic and mutant lines that allow modeling human skeletal diseases and tracking specific organs and cell types with
fluorescent markers 2. Such characteristics not only offer an incredible tool for fundamental research, but also greatly
benefit drug discovery. According to the Business Research Insights website, the global zebrafish model services market
size was USD 434.4 million in the year 2022 and is projected to reach USD 618.23 million by the year 2031, with a
compound annual growth rate (CAGR) of 14.4% during the forecast period.

Fish is recognized as a valuable source of high-quality protein and essential nutrients that are integral to a healthy human
diet. Within the aquaculture industry, fish holds a primary position as the predominant source of cultivated seafood for
human consumption. According to the European Commission’s Ocean and Fisheries website, marine and freshwater fish
constitute approximately 49% of the total aquaculture production. Commonly consumed food fish species include gilthead
seabream (Sparus aurata), meagre (Argyrosomus regius), and salmon (Salmo salar), which are saltwater species, while
rainbow trout (Oncorhynchus mykiss) is a freshwater counterpart. In their natural habitats, such as the sea or rivers,
healthy fish thrive without external interventions in terms of food and care. However, in fish farms, fish are reared within
controlled or artificial environments, such as ponds, tanks, or cages, which necessitate external care and provisioning of
food. Given the escalating global demand for aguaculture products, the industry faces significant pressure to enhance its
supply. To meet this demand, fish farmers adopt intensive production practices, which can result in challenges like
deteriorating water quality, higher fish density per unit of water volume, and limited food availability for the fish. These
factors may contribute to stressed fish, the development of physical abnormalities, and susceptibility to serious diseases
(18] Fish with disease or deformities are rejected by the potential retailers or customers, thereby representing a significant
economic loss to the fish farmers 2. Major economic losses are directly due to the development of skeletal disorders
altering the external shape of reared fish, i.e., opercular and vertebral column deformities (18] Moreover, tedious technical
effort and time are required to manually cull out the deformed fish from the productive cycle, which should be carried out
as early as possible in order to not waste resources on growing suboptimal fish.

To detect and classify the deformities in the reared or model fish, manual inspection or analysis is employed, which
requires significant time and technical effort. Moreover, direct physical interaction with the fish can induce fear or stress
that may reflect on its behavior. Due to abnormal behavior or stress, fish can not swim or take proper diet, which can lead
to poor health of the fish 18, To improve animal welfare both in aquaculture and biomedical research, scientists are



looking for methods requiring minimal manual interaction with the animals, with more focus on their health and quality of
life. Computer vision is one such area that is increasingly being adopted by fish farmers and biomedical researchers to
monitor the health and/or behavioral changes of the animal/fish. It may be helpful in identifying the causes of fish stress or
any health hazard with minimal interaction with the animal. Computer vision and image processing technigues can also be
helpful to speed up other routine procedures such as animal feeding 2, animal sorting, and animal counting by
automatizing these tasks. According to the website, https:/this.fish/blog/ai-guide-tracking-ais-explosive-growth-in-

aquaculture/ (accessed on 2 December 2023) ‘“this.fish”, the top 10 artificial intelligence (Al) and software start-up
companies for the aquaculture industry have raised USD 282 million in the past 5 years, illustrating the importance and
prevalence of Al-based smart farming in aquaculture.

Nowadays, automatic or semi-automatic computer-vision-based image processing techniques are being used in
aquaculture industries and biomedical research to speed up the detection and diagnosis of diseases in the fish under
study. These computer-vision-based techniques employ artificial intelligence methods such as machine learning or deep
learning, which not only speed up the diagnosis but are also helpful in improving the accuracy of the detection. Deep
learning represents a cutting-edge Al approach that empowers computers to learn from data and perform tasks on par
with human capabilities. It utilizes multi-layered neural networks to directly acquire task-specific features from the data
and make informed decisions when confronted with unseen data after the learning process. This methodology avoids the
use of manually engineered features (as used in older image processing approaches) and, instead, defines a learning
process that autonomously extracts features from the data, reducing the need for human intervention. In scenarios
involving image data, such as image analysis, specialized types of neural networks known as deep convolutional neural
networks (CNNs) have been designed. Such architectures play a pivotal role in computer vision applications, including
tasks like object classification, object recognition, segmentation, and object counting. For the analysis of biomedical
images, deep-learning-based convolutional neural networks (CNNs) are widely employed and increasingly favored for
their accuracy, which rivals human performance 29, Although debatable, CNNs are considered an imitation of the working
of neurons in the human brain for visual perception and understanding objects in the images. They use a set of
consecutive convolutional blocks or layers in order to understand the useful patterns for recognizing the objects in the
images. The fundamental component of a CNN is the convolutional layer, comprising a collection of filters (or kernels),
whose parameters are trained during the learning process [21l221. Convolutional layers excel in extracting features from
images by addressing spatial redundancy through weight sharing, and the features become more distinct and informative
while going deeper into the layers. The role of the activation layer is to fire or activate the particular neurons while
processing the information, and spatial invariance is achieved using pooling layers. In the end, a condensed feature
representation is generated, encapsulating the essential content of the image in fully connected layers 23], A typical CNN
architecture for object classification tasks in images is shown in Figure 1.
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Figure 1. A typical CNN architecture for image classification tasks.

| 2. Imaging Techniques Used in Fish Bioimages

One of the main advantages of using zebrafish as a model animal over other animals is its transparent body during early,
external development life stages, especially from 0 to 10 days post-fertilization (dpf). The transparent body of the larva
makes it easy for the biologists to see through its developing organs and bones during in vivo studies and also helps to
produce bioimage datasets using various image acquisition equipment 2425 Given that image acquisition precedes
image analysis, it is crucial to employ suitable imaging methods and protocols to ensure effective and accurate image
analysis, particularly when conducting Al-based image analysis. Due to the small size of the zebrafish and medaka
embryos and larvae, advanced optical microscopy imaging methods are employed to capture maximum information at the



microscopic level 28, Microscopic imaging methods necessitate a meticulous pipeline to be adhered to, ensuring the
prevention of unwarranted variations in acquisition adjustments and parameters that might introduce artifacts capable of
influencing the outcomes of image analysis algorithms &, Beyond fundamental considerations like luminosity and focus
control, special attention to the fish’s positioning and the characteristics of the glass plates is also needed to mitigate
potential issues related to light refraction. This precautionary approach aims to prevent problems like shadowed areas in
the images that could disrupt the subsequent analysis 28], Since most phenotype and morphometric studies in biomedical
research require capturing the fine-grained information at the sub-cellular level, microscopy methods such as bright-field
or fluorescence microscopy are prevalent compared to other imaging approaches 2289, More recently, confocal and light-
sheet microscopy deliver three-dimensional images [l while Raman spectroscopy, Fourier-transform infrared
spectroscopy, or mass spectrometry imaging are able to reveal the spatial distribution of individual (bio)molecules or
classes of molecules [B2IB3I3435] resylting in ever more high-content and demanding analysis requirements.

Apart from microscopy methods, X-ray radiography techniques are also popular in biomedical and aquaculture research
for analyzing the skeletal structures of the juvenile and adult fish, including microCT imaging B8I37E8], while microscopy
imaging methods are employed in the early life stages (embryonic and larval) of the model fish due to its body’s optical
clarity and small size, radiography methods are employed in the later life stages to visualize hard tissues. The adult model
fish serves as a distinct and valuable resource for studying pathogenic and therapeutic aspects of adult human bone
diseases. This is attributed to the fact that certain functions such as bone turnover, repair, degeneration, and metabolic
responses are not fully mature in embryos B2, Similarly, in aquaculture research, radiography imaging methods are
utilized for juvenile and adult fish for several types of phenotype and morphometric studies 2241,
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