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The Saddleback Deformity in Teleost Fish: Identification of a Unique Global Hotspot in
Eastern Australia
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The saddleback deformity, an abnormality of the dorsal fin and profile, lacking one to all of the dorsal
spines, accompanied by shape, number and position abnormalities of associated pterygiophores,
has been reported in teleosts under culture conditions and in the wild in many locations throughout
the world, including North and South America, Asia, Australia, Europe, India and the Middle East. A
unique global hotspot for saddleback deformities in wild teleosts is the southeast Queensland
Australia coastal region between 26° S and 28° S. At this location the incidence of saddleback has
been relatively stable but very high at about 10% of individual teleosts taken in the associated
fishery since 1997. Opinions on causation have focussed on two possibilities, a developmental
defect associated with water pollution or a physical injury. The range of skeletal deformities is vastly
different in cultured teleosts compared with those occurring in the wild. There is now mounting
evidence that physical injury is causing saddleback in teleosts in southeast Queensland Australia.
Such injury could be caused by predatory behaviour of piscivorous fish or birds, parasites, or
escapement or release from fishing nets and other fishing gear. Population mortality rates
associated with saddleback in southeast Queensland are unknown, but expected to be high. The
high level of occurrence of saddleback in teleosts in southeast Queensland Australia together with
the good understanding of their fisheries biology (age and growth rates, reproductive biology, habitat
dependence) and stock assessments of the associated fisheries provide excellent opportunities for
further research which would add to the scientific understanding of the saddleback deformity in
teleosts throughout the world. A recommendation from this review is that support should be sought
by research providers (universities and Government research agencies) from routine annual funding
offers from the Australian and Queensland Governments to achieve an increase in the scientific
understanding of the saddleback deformity.
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1. INTRODUCTION

The definition of the saddleback syndrome in teleost fish is an abnormality of the dorsal fin and profile,
lacking one to all of the dorsal spines, accompanied by shape, number and position abnormalities of
associated pterygiophores [1]. The term saddleback has been applied to teleost fish under culture and
those taken in the wild [2].



Saddleback deformities have been reported in many species of wild teleosts from locations
throughout the world (North and South America, Asia, Australia, Europe, India, the Middle East). Most
of these reports are based on a single specimen or small numbers of a species, giving descriptions of
the deformity and commenting on causation in some cases [3, 4, 5, 6, 7, 8]. Saddleback in wild
populations of teleost fish has been attributed to several causes including physical injuries [9, 10, 11,
12], developmental defects associated with unsuitable water conditions including chemical
contamination [3, 4, 5, 6, 7, 8] and an inherited abnormality [13]. The saddleback deformity also
commonly occurs in teleosts under culture conditions. In these cases saddleback is attributed to
developmental defects associated with water quality, nutrition, crowding and genetic anomalies [14,
15]. Initial studies of saddleback in wild teleosts throughout the world often discounted causation by
physical injury [2].

The present paper reviews the incidence and causation of the saddleback deformity in teleosts taken
from the wild and those under culture for comparisons. The review draws attention to the unique
situation in southeast Queensland Australia where saddleback deformities have been occurring at
very high levels in several teleost species taken in local fisheries since the early 1990s. The
associated fisheries for teleosts with saddleback deformities in eastern Australia are relatively large
and important for both the commercial net and trap sector and a large recreational line fishing sector
[16]. The very high levels of saddleback deformities in southeast Queensland provide good
opportunities to further examine causation of saddleback in wild teleosts.

2. STUDIES OF SADDLEBACK IN TELEOSTS UNDER CULTURE

Research on the causes of saddleback deformities and descriptions of associated abnormalities in
cultured teleosts have been the subject of many studies [14, 15, 17, 18]. As a result saddleback
syndrome and its cause in cultured teleosts is better understood in comparison to this deformity in
wild teleosts. The range of skeletal deformities is very different in cultured teleosts compared with
those in the wild. For example the occurrence of spinal abnormalities such as lordosis and scoliosis
commonly occur in teleosts under culture [14, 15]. A case-study of two sparids (F. Sparidae),
sharpsnout sea bream Diplodus puntazzo and pandora Pagellus erythrinus, found skeletal
abnormalities are more common and severe in reared juveniles compared with wild juveniles [19].
Teleosts with saddleback syndrome raised under aquaculture conditions are subject to vastly different
environmental conditions (culture facilities, water quality, water conditions such as temperature and
salinity, nutrition, crowding) to saddleback teleosts in the wild. Causation of saddleback and other
skeletal deformities in teleosts under culture conditions have commonly been attributed to
developmental defects. Reviews of the morphologies and incidences of abnormalities of teleosts
under culture conditions describe a wide range of abnormalities to the skeleton of teleosts. These
reviews have concluded that causative pathways resulting in skeletal abnormalities are not well
understood [14, 15].

3. WORLD STUDIES OF SADDLEBACK IN TELEOSTS IN THE WILD

Saddleback deformities have been reported in several species of wild teleosts from locations
throughout the world. Two studies report the saddleback deformity in clusters of different species of
wild teleosts [20, 21]. The study of a cluster of teleosts in Biscayne Bay, Florida, United States
identified 61 individual specimens from 11 species in a sample of 43,000 teleosts with saddleback
syndrome and scale pattern deformities caught by fishers. The level of occurrence in that study was
very small (0.14%). That study concluded that the saddleback and scale pattern deformities were
developmental defects associated with chemical contamination in Biscayne Bay. Another study
examined saddleback deformities in a cluster of marine teleosts on the Arabian Gulf Coast of Saudi
Arabia [21].The occurrence of saddleback specimens in that study was also very low (eleven
saddleback specimens from seven families). Teleost samples were obtained from local fishers during
an extended time period from February 2013 to September 2016. The total sample size examined
was not provided, but it is expected to be very large. The study concluded that the occurrence of
similar deformities across such a spectrum of fishes from the same location suggests the deformity
was induced by something in the environment common to all these species, most likely the same
environmental contaminant or group of contaminants is adversely affecting a common developmental
pathway [21]. The study concludes that saddleback in teleosts on the Arabian Gulf Coast is a
developmental defect associated with poor water quality. Neither of the two studies [20,21] of the



saddleback deformity in clusters of marine teleosts examined possible mechanisms of how
saddleback deformities are caused by water pollution or whether sampled teleosts had traces of
chemical contaminants in their tissues. It is therefore concluded that studies of saddleback in wild
teleosts which attribute causation to developmental defects due to water pollution are speculative at
this stage, with no direct scientific evidence to support such claims[2, 22, 23]. Further research to
examine for possible direct pathways between the saddleback deformity in wild teleosts and water
pollution are necessary at present.

4. SADDLEBACK IN TELEOSTS IN SOUTHEAST QUEENSLAND AUSTRALIA

The incidence of teleosts with the saddleback deformity taken in coastal fisheries in southeast
Queensland, Australia (26° S and 28° S, a latitudinal distance of 140 km, extending from coastal
estuaries eastward offshore to the continental shelf to depths exceeding 60 m) was very high and
concerns were raised by fishers and other stakeholders [2]. Three sparid species, yellowfin bream
Acanthopagrus australis, snapper Chrysophrys auratus and tarwhine Rhabdosargus sarba were of
particular concern. In the case of yellowfin bream, the incidence was reported to be consistently high
at approximately 10% of affected teleosts with the deformity in catches where fish exceeded the
minimum legal length (25cm Total Length). Another example is a catch of snapper in southeast
Queensland containing 17.6% of individual fish with saddleback [23]. The population mortality rates
associated with saddleback in the southeast Queensland teleosts are not known, but expected to be
high.

A literature review and stakeholder workshop was funded by the Australian Government as an initial
approach to determining stakeholder views and available scientific information [2]. The report on this
workshop favoured a developmental defect as the likely cause of the saddleback deformity in
southeast Queensland, and discounted the possibility of causation by physical injury. The Australian
Government and the Queensland fisheries agency were unable to provide funding for the
recommended follow-up research. One of key stakeholder groups, Sunfish, representing the
recreational fishing sector in Queensland implemented an independent research project to examine
the nature of the deformity and identify causation [24]. The Sunfish study found that physical injury
was the most likely cause of saddleback deformities in southeast Queensland. This finding was
disputed (See editor’s note [24] and commentaries [23, 25]). A second research study by Sunfish [26]
into yellowfin bream with saddleback in southeast Queensland examined several common features
associated with this deformity (lateral line fracture, abnormalities of scale patterns, normal and
replacement scales associated with the saddleback site including scales taken from the lateral line,
skeletal X-rays, microscopic slide tissue examinations of wounding of the dermis, connective tissue
and muscle tissues in normal and saddleback individuals). Examinations of X-ray images of
saddleback teleosts in southeast Queensland found no examples of spinal curvature deformities such
as lordosis and scoliosis which are common in teleosts raised under culture [15], indicating major
differences in causative factors. The incidence of saddleback deformities of teleosts in southeast
Queensland remains high at present, providing good opportunities for studies of saddleback injuries in
wild teleost populations and associated fishery. All teleosts with saddleback in this area have legal
minimum sizes applied by the Queensland fisheries agency. Fishers are required to release undersize
teleosts. This review provides images of the deformities associated with saddleback in teleosts in
southeast Queensland. In addition to saddleback, deformed teleosts have one or more associated
abnormalities, indicative of physical injury.

Details are taken from a single snapper Chrysophrys auratus (Total Length 68cm) with a physical
injury, caught on 10 July 2021 by a line fisher, held in an ice slurry and given to the author one day
after capture (Figs. 1, 2, 3). The snapper was caught at Jew Shoal on the Australian east coast (26° -
22' S, 153° - 07" E) a natural reef rising out of 20 m to a depth of 6 m, and popular ground for offshore
fishing vessels.
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Fig. 1. Photographic images of a snapper Chrysophrys auratus taken by line fishing offshore
in southeast Queensland showing abnormalities due to physical injury. (a) Left side of whole
fish. (b) Right side of whole fish. sd — saddleback deformity. fl — fractured lateral line. sp —

scale pattern deformity.
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Fig. 2. Magnified images from a snapper Chrysophrys auratus taken by line fishing offshore in
southeast Queensland showing abnormalities due to physical injury. (a) Colour photograph of
exterior left side. (b) X-ray of skeletal deformities. sd — saddleback deformity. fl — fractured
lateral line. sp — scale pattern deformity. ns — deformed neural spines. dh — deformed hemal
spine
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Fig. 3. Photographic images of normal and replacement scales taken from an injured snapper
Chrysophrys auratus caught by line fishing offshore in southeast Queensland. (a) Normal
ctenoid scale. (b) Replaced scale with a central rapid-growth granular interior resulting from
the loss of the normal scale, (c) Normal lateral line scale with central cavity. (d) Replacement
lateral line scale with a rapid-growth granular interior and replacement cavity. ga — granular
(replacement) area. Ic — lateral line canal. Ir — lateral line replacement canal.

Soft tissue abnormalities associated with the saddleback deformity in teleosts taken in southeast
Queensland (Fig. 4) have been described. These abnormalities to soft tissue (dermis, connective
tissue and muscle) are indicative of deep wounding [26].
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Fig. 4. Tissue structure associated with the saddleback deformity in yellowfin bream A.
australis. Haematoxylin and eosin stained histological sections. (a) Tissue sample from a
normal fish at the location where the saddleback deformity is usually present, showing a thick
connective tissue layer with adipose cells and striated skeletal muscle. (b) Tissue sample from
the saddleback site of a fish with saddleback deformity, showing a thin connective tissue layer



with few adipose cells and muscle granulation tissue. ac — adipose cell, ct — connective tissue,
d — dermis, m — skeletal muscle striated, mg — granulation muscle tissue, sp — scale pocket

with scale removed. (From previous study by author [26])

Examples of yellowfin bream with saddleback taken by fishers in southeast Queensland, and reported
in the recent study [26] are given in Fig. 5.
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Fig. 5. Photographs of yellowfin bream Acanthopagrus australis with saddleback deformities
taken in southeast Queensland during June - July 2020. A sample of 161 yellowfin bream were
examined with 17 (10.5%) having saddleback. (a) Specimen with saddleback deformity, soft
tissue damage below the saddleback and fractured lateral line, 29 cm Total Length. (b)
Specimen with saddleback deformity and fractured lateral line at the caudal peduncle, 18 cm

Total Length [26]

5. DISCUSSION AND CONCLUSIONS|

The teleost species in which saddleback commonly occurs, yellowfin bream Acanthopagrus australis,
snapper Chrysophrys auratus and tarwhine Rhabdosargus sarba in southeast Queensland, have a
similar reproductive biology and early life history. They are highly fecund broadcast spawners with
serial spawning over a protracted period annually. Spawning occurs in oceanic waters, and the larvae
are planktonic in offshore waters before they migrate, becoming benthic juveniles in coastal habitats
such as estuaries and sheltered embayments [27, 28, 29].
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The variety of skeletal deformities and the aquatic environments in cultured teleosts are vastly
different to those occurring in wild teleosts. The causes of saddleback in the wild and those under
culture are consequently different and unrelated [14, 15]. However the studies of morphological
abnormalities in early life stages of teleosts under culture conditions have influenced predictions of
the possible cause of saddleback and other abnormalities in wild teleosts [2, 26]. Studies of wild
teleosts have speculated that causation of saddleback deformities is due to developmental defects in
early life stages associated poor water quality including chemical contamination [5, 6, 7, 20, 21]. This
was also the case in initial studies of the saddleback deformity in wild teleosts in southeast
Queensland [2, 22] where causation due to physical injury was rejected in favour of developmental
defects of early life stages associated with poor water quality.

Detailed examinations [24, 26] of anomalies associated with saddleback in teleosts in the southeast
Queensland cluster have now been completed, and these indicate causation by physical injury.
Teleosts with saddleback in southeast Queensland were provided to the Queensland Health
Department for chemical contaminant screening in tissues of saddleback and normal fish.[26]. The
screening found no abnormally high levels of tissue contamination in saddleback teleosts, compared
with samples taken from specimens lacking the saddleback deformity. A range of chemical
contaminants associated with domestic, agricultural and industrial sources have been identified in a
river which flows into the site of the unique global hotspot for saddleback in southeast Queensland
[30]. There is a clear gradient in contaminant concentrations with maximum levels in the upper river
reducing to very low levels in samples taken from west to east as mixing with oceanic waters
increases. That study also found traces of a range of chemical contaminants in yellowfin bream in the
more heavily polluted area of the river, but that study did not examine for associations between
chemical contaminants and the saddleback deformity [30]. It is relevant that wild teleosts with
saddleback in southeast Queensland, yellowfin bream, snapper and tarwhine, have early life stages
of planktonic eggs and larvae, and post larval migration in oceanic waters where the level of chemical
pollution is lowest [30].

Productive commercial net and recreational line fisheries for yellowfin bream, and commercial and
recreational line fisheries for snapper have a long history in southeast Queensland [31, 32]. Juvenile
and adult teleosts, less than the legal minimum size, are caught in large numbers in southeast
Queensland especially in estuaries, embayments and other coastal habitats but must be released,
[33]. The legal minimum sizes are yellowfin bream and tarwhine 25cm Total Length, and snapper 35
cm Total Length. A common method for commercial gillnet fishers to remove undersize teleosts is to
grip the caudal peduncle and extract the fish backwards before releasing it [33]. The injuries to
teleosts release in this way have not been examined or described. Examination of these injuries is an
important subject for further research. Studies of teleosts in the wild in southeast Queensland which
implicate causation to developmental defects are speculative with no direct evidence provided [2, 22,
23]. Further research is also needed to determine the cause of saddleback and associated
abnormalities in affected teleosts taken in the southeast Queensland fishery such as escapement or
discarding teleosts under the legal minimum size from gill nets or sublethal injury by predators
(sharks, other piscivorous fish, piscivorous birds).

In addition to the saddleback deformity in wild teleosts in southeast Queensland, the associated
deformities [24, 25] are:

Scale pattern abnormalities both above and below the lateral line

Scale replacement, including replacement of lateral line scales

Lateral line fractures

Tissue histology (dermis, connective tissue and muscle) examination indicative of deep
wounding

e Skeletal abnormalities using X-ray examinations

An important finding from the present review of saddleback deformities in teleosts in the wild is the
high level of occurrence of saddleback in southeast Queensland. Teleosts with saddleback are vastly
more abundant in southeast Queensland compared to the levels of abundance in other locations
throughout the world. For example yellowfin bream Acanthopagrus australis in southeast Queensland



has saddleback at about 10% in catches from 1997 to the present, and shapper Chrysophrys auratus
has saddleback levels as high as 17.6% in a catch. In comparison saddleback in clusters of teleosts
in Biscayne Bay, Florida and the Arabian Gulf coast off Saudi Arabia have saddleback incidence at
extremely low levels. Saddleback in teleosts in the wild in other countries, based on single or small
numbers of teleosts, also indicate the presence of this deformity at very low levels of abundance. This
review has termed the area in southeast Queensland a unique global hotspot for teleosts with the
saddleback deformity.

Saddleback-like deformities in teleosts have been recently reported in catches from locations north
and south of the southeast Queensland hotspot on the east coast of Australia (Fig. 6). In such cases
the incidence of the deformity is relatively low according to fishers and other stakeholders. Examples
of the locations of such reports are the Clarence River estuary and the Burrill Lake estuary both south
of the southeast Queensland hotspot for distances of 200 km and 800 km respectively. No
examinations of teleosts outside the southeast Queensland hotspot have been carried out to
determine the extent, characteristics or cause of the deformity.
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Fig. 6. Examples of yellowfin bream Acanthopagrus australis with saddleback-like
deformities reported at low occurrence levels by fishers south of the southeast
Queensland hotspot. (a) From the Clarence River, 200 km south. (b) From Burrill Lake,
800 km south. Photographs were provided by recreational fishers.

Given the incidence of the saddleback deformity in wild teleosts throughout the world, the unique
global hotspot in southeast Queensland provides good opportunities for further research aimed at
increasing the scientific understanding of the saddleback deformity. The Queensland and Australian
Governments have annual funding programmes for priority research on fisheries within their
jurisdictions. Research providers from universities and Government agencies could be encouraged to
make funding applications for further scientific studies of saddleback in teleosts at this unique global
hotspot and elsewhere on the Australian east coast. Caution should be exercised in future research
into the saddleback deformity in southeast Queensland. Suggestions involving the culturing of
saddleback and normal teleosts from southeast Queensland in waters of varying quality taken at
locations in southeast Queensland where saddleback teleosts are abundant, or assessing the effects
of temperature, pH and dissolved oxygen in saddleback as possible causations have been suggested
[2, 22, 23]. Such proposals are dependent on the culture of teleost, which in itself leads to a wide
range of skeletal and other deformities [14, 15, 34]. A simpler and more direct proposal is to test
saddleback and normal teleosts for levels of chemical contaminants in tissues, which has already
done with small samples, showing low levels of contamination and no differences between
saddleback and normal teleosts [2, 26]. An advantage of testing for chemical contaminants in tissues
of saddleback and normal teleosts in southeast Queensland is the ease of obtaining teleost samples
from this unique global hotspot. |
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