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Comments

Objective: To describe the occurrence of various spinal deformations in a captive—bred wild
line of Poecilia wingei (P. wingei). Methods: Fish belonging to a wild line of P. wingei caught
from Laguna de Los Patos, Venezuela, were bred in an aquarium home-breeding system during
a period of three years (2006—2009). The spinal curvature was observed to study spinal deformities
in P. wingei. Results: Out of a total of 600 fish, 22 showed different types of deformities (scoliosis,
lordosis, kyphosis), with a higher incidence in females. Growth, swimming and breeding of
deformed fish were generally normal. Conclusions: Possible causes for spinal curvature in fish
are discussed on the basis of the current literature. While it is not possible to determine the
exact cause(s) of spinal deformities observed in the present study, traumatic injuries, nutritional
imbalances, genetic defects or a combination of these factors can be supposed to be involved in
the pathogenesis of such lesions.

It is a good study with interesting
and novel information about skeletal
deformities in a wild fish species
kept in aquarium environment. The
results will be helpful to evaluate
the abnormalities occurring by toxic

substances experimental studies made
on this of other fish species.
(Details on Page 189)
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1. Introduction

Skeletal deformities are commonly encountered in both
cultured and wild fishi1-8l, with a higher frequency in
hatchery populations. Such anomalies can cause economic
loss to fish farmers; in addition, when occurring in wild
species, they are used as indicators of water pollution
because of their high incidence in polluted areasl7. 9-111.
Evidence suggest that such abnormalities are induced
during the embryonic and post—embryonic periods of
life and it has been proposed that the condition has a
multifactorial aetiologyli2]. Spinal malformations are

the most frequent type of deformity seen in fish, mainly
represented by dorso—ventral deviation (kyphosis and
lordosis) or curvature in the coronal plane (scoliosis), which
can be variably associated. Affected fish do not usually
swim efficiently, are less capable of acquiring food, are at a
greater risk of predation, as well as are more susceptible to
physiological imbalancesi2l. To the best of our knowledge,
occurrence of spinal deformations in Poecilia winget (P.
wingei)l13], an endemic little livebearer from Laguna de
Los Patos, Laguna La Malaguena, and Laguna Buena Vista
in the North of Venezuela, has not yet been reported. In
this survey, we report several cases of spinal deformities
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occurring in a wild line of P. wingei bred in a home fish farm
during a period of three years. Discussion on the possible
causes for spinal curvature in fish is also made on the basis
of a literature review.

2. Materials and methods

Fish specimens, belonging to a wild line of P. winget
caught from Laguna de Los Patos near the city of Cumana,
Venezuela, by Dr. Roman Slaboch in 2001 and successively
bred in Italy by one of the authors, were collected from an
aquarium home—breeding system during a period of three
years (2006—2009). Four different tanks were used: one was
represented by a planted 200 L aquarium (pH 7.9; Gh 10; Kh
6; PO, 0.3 mg/L; 0, 7 mg/L; CO, 10 mg/L; Fe 0.07 mg/L; NO,”
0 mg/L; NO,™" 7.5 mg/L), whereas 3 tanks (50 L) were used
for breeding, as well as fry growing (pH 7.4; Gh 8-8.5; Kh 5;
PO,” 0.5 mg/L; 0, 7-8 mg/L; NO,” 0 mg/L; NO,™' 12.5 mg/L).
Each aquarium was equipped with its own internal filtering,
heating (26 ‘C) and water pump systems. A weekly 50%
water change and 2 times a day feeding were also applied,
using frozen Artemia salina, as well as a wide range of high
quality dry foods, supplemented with vitamins A, C, D3, E,
highly unsaturated fatty acids and beta glucan. Since the
spine of P. wingei is visible without magnification, fish were
evaluated for curvature from the side and above while in
a glass tank and then photographed with a digital camera
(Nikon Coolpix E5200).

3. Results

Out of a total of 600 fish, 22 (3.6%) showing spinal
deformations were detected: 2 fry, 2 adult males, and 18
adult females. The predominant type of spinal abnormalities
was scoliosis, which was observed in 20 fish 2 fry, 2 males,
16 females) with variable degree of curvature (Figure 1 and 2).
Of 18 adult fish with scoliosis, 1 female also had secondary
kyphosis (Figure 3a), 2 females also had secondary lordosis
(Figure 3b), whereas 2 females also showed both kyphosis
and lordosis. Two females only exhibited primary lordosis.
All but 1 fish were born with apparently normal spines and
developed scoliosis within the 2—3 weeks past birth, whereas
lordosis and kyphosis only became macroscopically evident
after sexual maturity. Curvatures were generally observed in
the posterior half of the spinal column. All but 1 fish showed
normal growth, swimming and breeding behaviour. A unique
female fish born with scoliosis and lordosis displayed
abnormal swimming, characterized by a vertical position,
which did not prevent it from acquiring food. However, it did
not appear to be able to reproduce.

Figure 1. P. winget.
a: Dorsal; b: lateral (arrow) view of a fish fry showing severe scoliosis.
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Figure 2. P. winget.
Two adult males showing a: mild (arrow) b: severe scoliosis.

Figure 3. P. wingei.
a: Adult pregnant female showing kyphosis (arrow); b: Adult female
showing lordosis (arrow); this fish displayed abnormal swimming.
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4. Discussion

Spinal deformities in fish can be caused by a variety of
injuries which can be classified as physical, environmental,
nutritional, infectious, and genetic/heritablel14l. In addition,
many experimental conditions have been shown to be able
to induce skeletal malformations, such as pinealectomy,
exposure to radiations, or electricityl15-17]. The persistent
request of new fish varieties has also leaded to selective
breeding of several lineages showing characteristic spinal
abnormalities such as the so called “Balloon Kissing
Gourami” (Helostoma temminkii, Cuvier 1829) “Balloon
Molly” (Poecilia velifera, Regan 1914), “Blood Parrot
Cichlid” (Heros severus x Amphilophus citrinellus hybrid)[18]
and ornamental goldfish (Carassius auratus 1.).

Several chemical/physical water parameters are
known to be responsible for spinal malformations
in fish(19], including pH and heat shockl12.20], low
dissolved oxygenli21], herbicides, organophosphate and
organochlorine pesticides(22], heavy metals[11.23-28] and
other pollutants[11.29-32]. These potential causes do not
seem o be related to our cases since the water of the farm
was previously filtered in a reverse osmotic system in
order to block heavy metals and other potential dangerous
chemical agents, and then added with specific salts and
water conditioner (Sera Aquatan®). The physical/chemical
parameters were also weekly measured (Hanna ph®, Tetra
Tetratest®) and the temperature was controlled by means of
electronic water heaters.

As far as microbial diseases are concerned, fish
mycobacteriosis caused by Mycobacterium marinum,
Mycobacterium fortuitum and Mycobacterium chelonei has
been recognized to be responsible for the development
of spinal defects. Other external clinical signs include
anorexia, lethargy, emaciation, tendency to remain in one
corner of the aquarium tank, exophthalmus, scale loss and
dermal ulceration, pigmentary changes, and ascites(33].
On the other hand, the most important parasitic infection
known to be associated with the induction of spinal
deformities is that caused by Myxobolus spp. In particular,
Myxobolus acanthogobii (Myxobolus buri) is a myxosporean
parasite recognized to cause scoliosis of cultured yellowtail
Sertola quinqueradiata and Japanese mackerel Scomber
Japonicusi34], whereas Myxobolus cerebralis, one of the best
known parasites of salmonids, is the causative agent of
“Whirling disease”[35], which is characterized by deformed
head and spine due to cartilage necrosis, as well as by
pigmentation changes (“Black tail”) due to damage to
sympathetic nerves adjacent to spine.

A strong association between vaccine side effects and
spinal deformity in harvest-sized Atlantic salmon, Salmo
salar L. has also been reported36.371. In addition, multiple
stressful handling procedures, usually occurring in
intensive farming conditions of salmon aquaculture, can
cause extreme mechanical loading to the spine, which may
potentially induce local inflammation leading to changes in
the normal pattern of growth and remodelling of the spine,
that end in a spinal deformityl38-40].

Nutritional imbalances are other factors which can be

involved in the development of gill, operculum and spinal
malformations in fish(41]. The most important are vitamin
CI1.42-45], aminoacidic (tryptophan)451and phosphorous(46.47]
deficiencies. On the contrary, excess of vitamin A is known
to induce skeletal abnormalities in fish and such vitamin
A-induced lesions also represent a popular model for
studying the development of skeleton in fish larvael4s].
In our survey an aetiology linked to vitamin C imbalance
cannol be excluded since a vitamin analysis was not
performed and there is no information about the request
of vitamin C in growing {ry of the Family of Poeciliidae.
However, vitamin C enriched high quality foods were used
to feed fish in our study in order to avoid the occurrence
of vitamin C deficiency. At the same time, such deficiency
also causes decrease in collagen content preventing the
formation of physiologically normal cartilagel44], as well
as jaw, snout and operculum deformities associated with
distortion of gill filaments in young, rapidly growing fishi4s1.
In our survey, we did not observe skeletal abnormalities
other than spinal deformities.

Other causes inducing vertebral deformity in fish
are represented by the absence of a functional swim
bladder(49], as well as by traumatic injuries, which may
occur during capture and/or transport/44l. Traumas may
also be related to a strong water current(12l. Such traumatic
aetiology must be considered for our cases, particularly
when scoliosis is concerned, even though the water flowing
was obtained with a regulatable recirculation system
based on water pumps. In particular, a 640 L/h pump was
used for the biotopic 200 L tank, whereas for each of three
50 L breeding tanks a manually downregulated 360 L/h
pump was applied. In this connection, it is important to
underline that we did not observe the occurrence of spinal
abnormalities among a total population of about 290 fry (age
from 1 to 70 days) of P. wingei bred in an external planted
pond without water pumps during every summer (from June
to September) from 2006 to 2009 (data not shown).

Finally, a genetic basis has also been proposed for spinal
malformations[50-55], since spontaneous spinal curvature
mutants exist. Particularly, the so—called Mutant Guppy
(P. reticulata) Syndrome Curveback, characterized by a
primary sagittal lordosis with some individual exhibiting
posterior kyphosis and /or coronal deviation, appears to
be a possible animal model to study the pathogenesis
of human idiopathic scoliosis. This Curveback lineage,
originated from a curved male crossed to a normal female,
followed by full-sib mating, showed a female bias for
curves of high magnitudel48]. Tt is interesting to notice that
both founders were from a population collected in Cumana,
Venezuelal57lwhich has been proposed to be an established
local population of P. wingeil13l. In addition, malformations
due to a genetic alteration do not seem to prevent fish from
achieving a normal sizel58].

In conclusion, even though the exact cause of spinal
deformities observed in the present study can not be
determined, traumatic injuries, nutritional imbalances,
genetic defects or a combination of these factors can
be supposed to be involved in the pathogenesis of such
lesions in this captive—bred wild line of P. wingei.
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Comments

Background

This study describes the occurrence of spinal deformities
of a wild line of P. winget bred in aquarium—home breeding
system for three years. Skeletal deformities in experimental
fish are frequently used as indicators for different pollutions
and toxic exposures. It is necessary to understand and
quantify the type and degree of deformities naturally present
in the experimental model fish. In this context this study
will provide a naturally occurring deviation from the normal
morphology of vertebral curvature in fish.

Research frontiers

Studies on the spinal deformities of wild fish kept in
aquarium—home system is going to generate a new set of
information which will be helpful to quantify the frequency
of naturally occurring deformities from those developed due
to exposure to different toxic substances.

Related Reports

The materials and methods and results of the present study
indicate the deformities which have already been described
by many workers. However, other workers have reported
these studies in face of exposure to different pollutants.

Innovations and breakthroughs

No previous study described the morphological changes
in aq wild species in environmentally controlled aquarium—
home system.

Applications

This study is generating an important data which may
be helpful to evaluate the pollution induced deformities
keeping in view the skeletal abnormalities which may occur
spontaneously in captive—bred fish without any exposure to
toxic substances/polutants.

Peer review

It is a good study with interesting and novel information
about skeletal deformities in a wild fish species kept in
aquarium environment. The results will be helpful to
evaluate the abnormalities occurring by toxic substances
experimental studies made on this of other fish species.
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