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Cod (Gadus morhua

The cod industry is less than ten years young at this point in time, and as a consequence, less
is known about the prevalence of malformation and what typeslformations are likely to

occur.

Diagnostic procedures

X-ray is the most reliable of the diagnostic methods availabed, good images can be
obtained at 1g sizend onwards, if using appropriate equipment and procedures. Examination
of earlier Ife stages (<1g) is less reliable than in sea bass and sea bream, due to the fact that
most of the different pathologies will continue to devedod new ones will appear with time

In cod, external examination will detect only the most severe caseselmcals Xray,

higher precision can be obtained by filleting and inspection/palpation of the exposed spine. In

small fish, whole mount staining with alizarin red and/or alcian blue is an alternative.

The standard diagnostic tool for fish skeletal malfdromais a lateral view Xay, preferably

with the right side of the fish down, and the head pointing left.

For fish < 100g, mammography equipment is generally preferable. In small fish, the contrast
in images taken with standard equipment will be tootlwdentify deformities of vertebrae
Access to mammography can normally be obtained in hospitals or specialized clinics for
human mammography screening. In fish00g, acceptable images can be obtained with
standard Xray setups, like those found in amihclinics. For both options, a skilled

radiography technician will be able to improve the output considerably.

Fish radiography

The fish to be radiographed must be properly frofigatedor radiographed fresh. This is to
avoid the fish going into gior while lying bek if this happens itsidifficult to straighten it
out to make good pictureBlease refer to sampling protocol at the end of this document.

A skilled radiographytechnician should assist you, and depending on the equipment you

might have to try and fail a little to make good pictures. The main issue is to find the



radiography dosage that allows you to see all the vertebrae in the cranial part of the back,
while you still can see the tail vertebrae. Radiography technicians are ti@iogcet the

dose of radiation to decrease risk for the patient. Since our patients are dead that is not
necessary, and you can focus totally on picture quality. You can put many fish in one picture,
but it isbestto avoid the outer inch of the film framas the darkening can differ a little from

the rest of the picture.

The dosage is preset in the radiography source, and is decided by mAs and kV. Generally
increased mAs give a darker picture while increased kV lower the contrast. If you reduce the
kV, you usually have to increase the mAs to get pictures with the same degree of darkening.
Good quality pictures of fish skeleton therefore have a relatively low kV and high mAs.

Fish <1009

To make good quality pictures of small fish, you should preferadgymuammography
equipment, which can be rented at hospitals or special mammography clinics. This gives

pictures with high resolution and good quality.

Dosage might vary a littleith the equipment, but the given doses are among those we have
used in diffeent equipment:

e Calg: 47 kV, 10 mAs

e Ca7g:23kV,4mAs

e Cab0g: 55 kV, 10 mAs

Film-focus distance is usually fixed in mammography equipment.

Fish >100g

In fish bigger than 100g, regular radiography equipment found in hospitals and vet clinics

usuall give satisfying picture quality.

Again, dosage might vary with the equipment, suggestedoses are:
e 200g: 53 kV, 8 mAs
e 2kg: 63 kV, 16 mAs



Film-focus distance is variable, but about&®cm is usually ok.

Whole mount staining with alizarin red

In fish < 1g, whole mount staining with alizarin red is the preferred procedure for
malformation diagnosticSamples must be fixed and later processed by a laboratory. For
sampling and fixation procedures, please refer to the standardized procedudesliatlhine

end of this document.

When to examine

The following stages are recommended in a standardized screening program (taken from the

Norwegian national cod malformations survey):

1-5 g size Will detect malformations induced during embryonic depeient, and
those induced during first feeding

20-50g Before transfer to sea cages

0.1-1 kg Samples from sea cages. Valid as predictions of harvest result

Optional: Additional sampling just after weaning, staining with alizarin red.



Normal

Thecod spine normally consists afpproximately 5&ertebrae, and there ascertain regional
and agevariation in vertebral morphology along the spifi@e spinal column in a normal cod

is fairly straight. Seen in lateral view onrdy, the axis continues mthe head, with the

palatne bone in the scull tilting slightly downwards in cranial direction.

Figure 1: Normal cod spine with the head tilting slightly down compared to the spinal axis.

Malformations of the spine in cod

In the following, the modlypical malformations of the spine are illustrated, mainly by means
of X-ray images. Some prominent malformations of the cranium are included. Wherever

available, wholanount stains and photos of fish are included.

The significance osome otthe malformations is uncertain in terms of impact on product

guality and consequently, value of product. The malformations must be quite severe to be
identifiable on gross examination. As practically all farmed cod is sold as whole fish, and not
subjected to automatprocessing/filletingt this time they may be of little consequence to

the producer. This is likely to changeth further development of the industind any

vertebral pathology should be given full attention when searching for causal relations. Also,
repeatedly radiographedaterial demonstrate that vertebral malformations induced at an

early life stage may aggravate as the fish grow. Thus, any malformation represents a potential

deformation of the fish and needs to be taken into account.



I. Fusionsand fusion associated pathology

The term fusion is used when two or more vertebrae are more or less amalgamated. Some
additional vertebral changes are associated with this process, and are assumed to be
intermediate stageBusions are commonly seen imrfeed cod and appear to develop as the

fish grows by including neighbouring vertebrae into the fusion.

Complete fusion with shape restoration

Figure 2: A well organized fusion in two cod vertebrae shown by radiography and in a
Alizarin red colouredspine.



Multiple vertebrae fusion

-

Figure 3: Examples on multiple vertebral fus®he xray shows five fused vertebrae in the
neck of a cod. The Alizarine red staining show three fused vertebrae to the left and two to the
right.



Special case: Fused vertebrae in tail region

Figure 4: Fused or norseparated vertebrae in the tail region of a cod. These appear
regularly in many species, and dotseem to have any severe consequefites; may be a
part of the normal differerdtion into tail vertebrae.

Figure5: Normal cod tail (a), tail with two unorganized fusion processes (b) and tail with an
organized fusion (c) The fusions in picture b seem tarbactive process



II. Platyspondyly

In platyspondyy, vertebrae are flattened and appear to be compressed. Unlike fusions, the
individual vertebrae are distinct, even though the intervertebral space may be narrower than

normal.
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Figure 6: Platyspondylyn the spine o& cod.The pictures showvo stages of development in
the same fish with eight months intervihis malformation usually appears in the caudal half
of the spineand may be detected on gross examination as a shortening of the body



[l . Vertebral shape irregularities

In some caes, vertebrae have irregular morphology, without being easily classifiable. The

irregularities would mainly be described as asymmetries. The final outcome of these changes

may be fusions gplatyspondyy, or they might normalize.

Figure 7: Irregular vertebrae in a cod spine. These may appear all along the spine,
sometimes in combination with severe deformities.
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V. Axis deviations

The spinal column in a normal cod is fairly straighéen in lateral view on-Ky, the axis
continues intdhe headwith the palane bone in thescull tilting slightly downwards in
cranial directionAxis deviations aramong the mostommon deformity problems in cod

production

These malformations are the most severe in relations to current commercial produstion. Fi
groups with these malformations included are presently marketed, but this is likely to change
in future. Also, any fish group where fish with axis deviations can be detected on gross
examination is likely to include additional fish with the same prolgessent in a less severe
pathology.
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Deviation of vertebral axis in neck region

Common name: Ne&keknekk (Norwegian), stargazer.

Due toadecreased upper angle between the palatine bone and thelspinead bends

upwards in variable degrees. In thadesevere cases, the external diagnosis may be

uncertain.This condition can be complicated by severe vertebral deformities in the

cranialmost vertebrae, as well as other axial deviations such as lordosis, kyphosis and

scoliosis in the cranial part of tlspine. One way of measuring the palatipenal angle is to

draw the lines from the point where the nasal bone is at its lowest, the centre point in the
transmission between the palatine bone and spine, and finally to the intervertebral space
betweenvee br a 6 and 7. The upper angle in this
angle.In normal cod, this angle is bigger than 180 degrees.

468

Figure 8. Extreme case of Astargazer o, grade 1| V.

Figure 9: Measurement of thegalatinespinal angle as described in the text.
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Another way ofgradingthe degree of neck deviation is judged by subjective, viggaaling,

as we have used in the national survey for cod deformities.

Figure 10a) Normal. bd) Graded acording to scale used in Norwexgi national cod
deformities survey. b) grade I, c) grade Il, d) grade IV

NB! Caution if X-raying small, formalin fixed specimen. Shrinking during fixation may cause

artefacts.

A development of the condition thitime has been demonstrated (ELY.
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Fig 11. Development gfathology in neck vertebrae with time. Three imageh@$ame

individual. The top Xay taken at transfer to seacagggprox. 50g size. The secondrXy

wastaken one year later, at approx 1 kg size, and demonstrates development from grade Il to
grade lll. Lower photo shows external appearance of fish at 1 kg size.
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Lordosis

The vertebral axis is bent upwards in caudal direction to variable degraenaly seenn
the region of vertebra no Zb (haemal lordosis) but also in other parts of the spiftee
angle must be of a certain magnitude in order to see the deformity on external examination.

This axis deviation often includes vertebral changes isdhee area.
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Figure 12: Haemal lordosis in cod. Normabine (a), lordosis of degreell,and IV
respectivelylg, c, d). The grading is according to the scale used in a Norwegian national cod
survey.The lordosis in picture and d also include vertebral changes.
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Figure 13: Alizarine red staining of the same fish as shown in figure 10 d. Severe vertebral
changes are clearly visible.

Another way of measuring lordosis is by simply measuring the angle betineeeight most

involved vertebrae in the | ordosi s, centred

Figure 14. Lordosis measured by the upper angle, four vertebrae to each side of the centre
point.
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Figure 15: Two degrees of severity caudal lordosis in cod. Both include vertebral changes.
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Kyphosis

Kyphosis is a downwards bending of the caudal spine that may appear together with other

deformities or alone. It is mostly seen in the cranial part of the spine, but appeamsgthal

spine.This deformity is far less common than the lordosis.

Figure 16: Kyphosis in the cranial part of a cod spine.

Figure 17: Kyphosis in the caudal part of the spine.
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Scoliosis

Scoliosis is the sideways bending of the spine. This isyessserved in live fish, and seen

in some fish groups. It is not a very common deformity, and easily sorted out. Scoliosis is best
observed from the dorsal or ventral side of the fish, alive as well as on radiographs. Since
most radiographs are takema lateral view, less severe scoliosis can be misjudged as poor

preservation of the specimen or rigor mortis in a-flanposition.

Figure 18: Lateral (top) and dorsoventral (bottom) projection of severe scoliosis in cod. As
observed, the lateramage can be misjudged to be a kypholordosis with fusions.
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V. Malformations of skull and jaws

Malformations of the skull and jaws is not widely recognized, but in screening of fish from

experiments and from commercial productions, some deviations havelbagfied.

Palatine bone curvature

This is seen in radiographs as a curve in the palatine bone viewed from the side.

Pughead

Abnormal shortening of the maxilla

Deformed lower jaw

Deviations in the shape and size of the lowerlawes A common varigy of this deformity

is a nonsevere undershot, where the lower jaw and lip is protruigre 20 According to
producers,tie protruding lower lipnay becomaore and inflammated, probably because of
trauma. This phenomenon is to our knowledge notrgbddn bigger fish kept in sea cages.

Figure 19: Normal cod head (a), curved paila¢ bone (b), pughead (c) and deformed lower
jaw (d).
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