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1 Introduction
The shape, appearance and smell of fish is a well established way for consumers to chose the
fish they want to purchase. The check-list includes shiny eyes and skin, clearly defined fins,
moist, shiny and pink gills and a light pleasant odour. In fish hatcheries, managers and workers
that produce the larvae to supply juvenile fish for the grow-out stage, also use external
observations to assess the quality of eggs, larvae and juveniles. This capacity to judge by
observation may be complemented by some simple laboratory tests but observation is a very
important component. Factors taken into consideration include, the behaviour of the larvae,
their size and their general appearance and represents a unique skill that is built-up over many
years of experience and becomes an intrinsic part of being a good hatchery manager or
technician. Scientists have also become engaged in characterising the hatchery production stage
as it is a crucial element of the production pyrimid for industry. Over the last decade or more,
both European and National projects have been implemented with the aim of building a
knowledge base for common aquaculture species for industry to use. Non-destructive external
observations and destructive, more refined microscopic observation involving sacrifice of
specimens and fixation and histological processing, form the basis of examining in detail the
internal and external structures and establishing when possible the “healthy and normal
development” from the “unhealthy and abnormal” development.
A range of textbooks are available about fish pathology but they tend to be mainly about
disease-related pathologies and directed at training veterinary and animal health-related
professionals. Books or an atlas with images of external and organ/tissue and cell specific
developmental trajectories linked to age and culture conditions for use in MMFF hatcheries and
producers are unavailable. Even though for the salmonids there exists a greater number of
bibliographic resources, when the dimension, maturity and economic importance of the sector
is considered the available resources are surprisingly limited. In fact, a detailed description of
the developmental ontogeny and trajectory in images is extremely difficult to find. Interesting
recent initiatives that are based on creating on-line resources/atlases include a digital fish library
developed for museum fish collections (Berquist et al., 2012) using MRI data
(http://www.digitalfishlibrary.org), a small collection of information and articles about
malformations in fish aquaculture coming from a Collective Research Project in FP6 (FINE FISH,
nº 12451) and “fishes of the wild“ (https://swfscdata.nmfs.noaa.gov/ labeled-fishes-in-thewild), “Illustrated field guide...” (Smith et al., 2002) which are images of wild fish for training
ecologists for field identification.
Transfer of knowledge within the hatchery is frequently acquired by “praxis” and hands-on
experience and a “feeling for the organism” are key factors in becoming a good hatchery
manager or technician. This means that hatchery managers and technicians possess untapped
knowledge with a high potential and relevance for transfer. WP2 offers a unique opportunity to
develop a resource for the MMFF sector that engages with end users to build something of
practical use. As part of the objectives of WP2 a vast ontogenetic collection of larvae of the
gilthead sea bream and the European sea bass has been acquired and built during the first two
and a half years of PerformFISH. The egg and larval collection represents the production from
five different companies across Europe and corresponds to populations/batches from different
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seasons and years. The collected larvae have been defined as “good” or “bad” performers based
on the incidence of skeletal malformations and also their growth as represented by weight and
length at a given ontogenetic stage. Activities in WP2 are directed at idenifying larval and
juvenile quality indicators for the batches or populations from the routine production cycle of
linked third parties (LTPs). The collected material is being used to analyse external morphology,
histology and molecular markers that can be linked to the “good” or “bad” classification of
individuals from specific production populations/batches. A vast library of images has been
collected and samples analysed in detail to provide a multi-parameter classification of quality.
The biological resources that the collection of eggs and larvae represent is very valuable but the
photographs, mamography and associated outcomes that resulted from the sample analysis
represent another very valuable and unique asset of PerformFISH. This resource will become
open access in a way that makes it applicable by the end-users that can most benefit from it, the
MMFF. The aim is to “free” all the relevant and high quality, checked and validated images that
form the background to thesis and publications so they can become an e-atlas resource.
The PerformFISH e-Atlas is being developed as a spin-off from the extensive analysis that has
been performed on the samples in D2.2. This e-Atlas represents a collaborative effort by industry
and scientists to develop a “living” atlas that can be developed and upgraded as the project
develops. The objective of the e-atlas is to develop an on-line image-based resource (histology,
whole mount staining and mammography) that can be used by hatchery managers and trainees
to assess production quality and obtain information about the morphological and histological
characteristics of “good” and “bad” larvae. The e-Atlas concept is established but the atlas is still
under construction as only now are images available due to the need for extensive analysis and
validation of populations/batches of larvae and images. The e-Atlas will consist of a primary
introductory chapter to objectives, methods and limitations, which then will be followed by
image plates and descriptions. The present deliverable will describe the concept and basis of the
e-Atlas but its launch on-line in the PerformFISH webpage will depend on the contribution of
images by WP2 partenrs (UoC, UNIUD, and CCMAR) and its full validation by WP2 partners and
LTP that will test and advise on improvements or parameters that will be usefull. Since analysis
of samples and results from LTP is still ongoing and tools developed in WP2 will be applied to
WP6 the e–Atlas will continue to develop throughout the lifetime of the project. The e-Atlas will
for part of the PerformFISH legacy as it will be hosted on other institutional websites (to be
agreed) as a resource on completion of the project so it remains live.

2 Materials and methods
2.1 Collection and preparation of specimens
The material to be used to generate images for the e-Atlas is described in D2.1. Briefly, the LTPs
that collected samples were a) Andromeda (FGM), b) Panittica Italia (API), c) Ferme Marine Du
Douhet SAS (SFAMN), and e) Selonda (FGM). Sampling and sample conservation was carried out
as described in the technical sampling manual (D2.1 Annex 1). The samples that have been used
to generate images for the e-Atlas were fixed in formaldehyde (whole mount cartilage and bone
staining), Bouin fixative (for larval sectioning and histology) and whole frozen juveniles for
mammography. The material was then either used to generate histological sections so that the
normal microscopic anatomy of cells, tissues, and organs could be recorded as digital images.
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Alternatively, the fixed fish was subject to whole mount staining to visualize in situ the cartilage
and bone structures of the skeleton and digital images acquired.

2.2 Generation of the e-Atlas
The collaborating partners in WP2 have been developing the text and images for the e-Atlas,
which is being assembled in collaboration with the WP leader (CCMAR). The preliminary
structure of the e-Atlas is agreed and consists of
1. A front page with partner designation and contacts
2. A glossary of terms
3. Summary
4. General introduction
5. Methodology and approach
6. Using the photo-atlas
7. Atlas
The concept is to provide an atlas that can be used in the hatchery or analysis laboratories of
the participating MMFF, although it is envisaged that other aquaculture industries and higher
education institutes and scientists may also wish to use the resource.
The on-line launch of the e-Atlas has not occurred yet due to the need to enrich and further
validate the e-Atlas. Moreover, a general agreement from partners of PerformFISH will be
sought for the launch of the e-Atlas during the workshop of all WP2 participants to discuss,
validate abiotic and biotic factors most strongly linked to variability in hatchery production and
rank core markers strongly predictive of quality (MS6). Subsequently, the ITEC members will be
asked to approve the structure and content of the e-atlas.
The e-Atlas will incorporate images of larvae from LTP, although source will not be divulged. The
e-Atlas will be a complementary deliverable to the Deliverable 2.6 “Certificate of juvenile
quality” deliverable and will also be a resource that can be used for KPI monitoring, since
deformities is an important indicator but no standardized resource is available for classification
throughout the MMFF. The WP2 RD performers already conduct commissioned analysis for
some of the LTP participating in PerformFISH and highly standardized and validated results are
obtained. However, the majority of MMFF hatcheries conduct “in house” analysis meaning
standardization is normally missing. The ambition is that the e-Atlas will contribute to
standardization of larval classifications and in this way contribute to improve KPI monitoring in
MMFF and identify new and emerging problems as they appear.

3 Results
3.1 Photo-Atlas/e-Atlas
A physical photo-atlas (outlined in Annex I) and an on-line e-Atlas.
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4 Annex I
Proposed timeline for compilation, testing and completion of the e-book
with quality indicators and a photo-atlas
TASKS
WORKSHOP Task 2.2 (analysis
and selection of images

CCMAR/UoC/UNIUD

Analysis of histology image
collection and repetition as
required

UNIUD

Analysis of whole mount skeletal
staining images and repetition if
required
Mammography analysis and
selection
Preparation of image plates
Text writing, formatting and final
editing

PARTNER

M1-3

M3-6

M6-9

M9-12

UoC /CCMAR
UoC /CCMAR
CCMAR/UoC/UNIUD
CCMAR/UoC/UNIUD

LTP testing and feedback
Collaboraton with WP8 to design
the e-book and photo-atlas for
webpage

CCMAR/AQUATT
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Overview of structure
1. A front page with partner designation and contacts
2. A glossary of terms (under construction)
3. Summary (under construction)
4. General introduction (under construction)
5. Methodology and approach (under construction
6. Using the phot-atlas (under construction)
7. Atlas (under construction but “mock” examples provided)
8. References (under construction)
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HISTOLOGY

1

LIVER
HEPATOCYTE FAT ACCUMULATION

2

3

The liver plays a role as an energy reservoir. When
dietary lipid or energy exceed the capacity of the
hepatic cells to oxidize fatty acids, the result is the
large synthesis and deposition of triglycerides in
vacuoles, leading to a morphological pattern known
as steatosis or lipidosis (Caballero et al., 2004). In sea
bream, this condition has been observed when the
dietary lipid content increases (Caballero et al., 1999
quoted by Caballero et al., 2004), as result of an
essential fatty acid deficiency (Montero et al., 2001
quoted by Caballero et al., 2004), the use of artificial
diets (Spisni et al., 1998 quoted by Caballero et al.,
2004) and the inclusion of vegetable oils (Alexis,
1997 quoted by Caballero et al., 2004). Anyway,
since the point at which hepatic lipid accumulation
becomes deleterious to fish is currently
indeterminate and probably quite variable within
fish species, the term steatosis/lipidosis should be
used only when it is possible to demonstrate cellular
alterations induced by an excessive accumulation of
lipids, such as cell membrane rupture or
saponification (Wolf et al., 2015).

4

5

Legend - Hepatocyte fat accumulation score attribution. From 1
to 5 a progressive increasing of lipid infiltration can be noticed;
score: 1 – liver normal condition; 2, 3, 4 – gradually increasing
fat infiltration; 5 - maximum score of fat infiltration detected in
UNIUD study. GSB, juveniles (0.8 – 1.5g weight), H.E.
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HISTOLOGY
Liver showing atypical changes to the nucelus and hepatocytes.

Legend - Nuclear enlargement and hepatocytes vacuolation. a) Enlarged nuclei (arrows) are present in liver; moreover,
some hepatocytes are vacuolised (arrow-heads). 400X; b) magnification of nuclear enlargement with addensed
chromatin on nuclear membrane, 1000X. These fish liver features could be ascribable to hepatotoxic damage or
lipometabolic disorders. GSB, end of larval rearing, 40 days post hatching, H.E.

Intestine

Excretory Ststem

Legend - Liver pseudo-granulomas. Abundant
hepatocyte
fat
accumulation
with
pseudogranulomatous lesions (arrows) probably caused by
necrotic hepatocytes, surrounded by lymphocytes. GSB,
juveniles, 92 days post hatch. H.E. Magnification 400X.

Legend - Presence of ceroid in liver. Many hepatocytes
contain spherical intracytoplasmic acidophilic globules
(arrows), probably ceroid. GSB, middle of
metamorphosis (53 days post hatch). H.E. Magnification
100X.
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HISTOLOGY

1

POSTERIOR INTESTINE
SUPRANUCLEAR VACUOLES

2

3

4

5

During the transition from endogenous to exogenous
feeding, the posterior intestine has a basic
nutritional role in absorbing protein macromolecules
by pinocytosis as an alternative pathway until the
development of the stomach and acid digestion
takes place. Thus, the presence of supranuclear
vacuoles with acidophilic inclusions is a typical
feature of the posterior intestine of fish larvae during
early life stages (Gisbert et al., 2008; Sarasquete et
al., 1995; Yúfera et al., 1993). According to their
staining properties, supranuclear vacuoles contain
neutral
mucopolysaccharides
(and/or
glycoproteins),
carboxylated
acid
mucopolysaccharides and proteins (Sarasquete et
al., 1995; Yúfera et al., 1993).
Based on the UNIUD know-how, it has been decided
that this descriptor has a pathological denotation
(particularly for the two last scores). Indeed, UNIUD
histochemical studies on supranuclear vacuoles
suggested, when the contents appear brownish, this
is indicative of the presence of lipofuscin-like
pigment. Moreover, the positivity to Lillie’s Nile blue,
Sudan black B and Schmorl’s stain, confirmed the
presence of oxidized lipids or lipoproteins probably
due to metabolic imbalance during larval
development (too complex diets for the
developmental status and the expressed digestive
enzymes).

Legend - Supranuclear vacuoles score attribution. From 1 to 5 a
progressive number and dimension increasing of supranuclear
vacuoles; score: 1 – normal enterocyte condition; 2 - presence of
some small supranuclear vacuoles in the enterocytes apical
cytoplasm; 3, 4 - vacuoles increase in number and dimension; 5 the number of supranuclear vacuoles is highly abundant and
dimension is so large to alterate epithelial architecture, the
content is strongly acidophilic. GSB, middle of the metamorphosis
(15 - 20 mm TL), H.E.
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Whole Mount Staining of the Skeleton
Common malformations of the head and jaws in the gilthead seabream

Panel 1

Panel 2

Legend – Whole mount staining of the cartilage with alcian blue and bone with alizarin red S.
Panel 1A, B and C illustrate some of the malformation’s characteristic of the head. Panel 2 shows
black and white line drawings of the characteristic malformations associated with the head and
the name of the malformation or the structure principally affected. Note in panel 1A the specimen
in stained with alcian blue and alizarin red S and the characteristic features of pughead, the
shortened maxilla, is clearly revealed. Panel 1B shows an alcian blue and alizarin red S stained
specimen with a low intensity crossbite malformation evident by the characteristic misalignment
of the mandible and maxilla. Panel C illustrates a specimen stained only with alcian blue and
reveals the cartilaginous structure of the future hyoid bone is twisted.
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